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ABSTRACT 

 

Due to the presence of tree species of high socio-economic importance, many protected areas in the 

sudanian zone are facing anthropogenic pressure that threatens their stability and resources integrity. This study 

aimed at providing a better understanding of woody plant composition and structure in Patako Forest in Senegal. 

Data collection was conducted by stratified random sampling in a total of 251 plots in different vegetation types. 

The results indicated that Combretum glutinosum, Terminalia macroptera, Cordyla pinnata, Elaeis guineensis, 

Acacia macrostachya and Khaya senegalensis were the most representative species. The Importance Value 

Indices (IVI) of these species varied significantly among vegetation types. Species diversity and structural 

characteristics were higher in gallery forest. The most important Shannon diversity indices was recorded in 

gallery forest (2.81) while it was medium in both woodland (2.12), tree savanna (1.55) and shrub savanna (1.24). 

Tree density was dominated by multi-stemmed species. Stem density was significantly higher in gallery forest 

(536 ± 13 per ha) and woodland (526 ± 12 per ha) than in tree savanna (364 ± 15 per ha) and shrub savanna (309 

± 14 per ha). Forest management should focus on gallery forest to enhance biodiversity conservation and increase 

the potential of carbon sequestration. 

© 2021 International Formulae Group. All rights reserved. 
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INTRODUCTION 

For some decades, biodiversity 

conservation, especially in tropical areas, has 

granted a particular interest for the 

international community. This interest led to 

the implementation of the Convention on 

Biological Diversity (CBD) which objectives 

have been materialized in the framework of the 

national strategies for sustainable management 

of forest resources (Lele et al., 2010). 

Countries were encouraged to periodically 

assess the state of biodiversity. However, 

diverse causes led to biodiversity loss even in 

protected areas due to complex interactions of 

various drivers (Porter-Bolland et al., 2012). 

These concerned rapid population growth, 
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rural poverty and human disturbances such as 

tree cutting, agricultural expansion and animal 

grazing (Chazdon, 2008; Stork, 2010). These 

disturbances are known to increase the 

vulnerability of ecosystems especially in non-

managed forests. 

Vegetation degradation has often been 

reported in West Africa, defined as the decline 

in forest productivity or its capability to assume 

the roles and functions of providing goods, 

services and benefits supply (Thompson et al., 

2013). These measures consisted in ensuring 

integrated and sustainable management of 

natural resources, including forests, tree cover 

and biodiversity. 

Usually, species diversity is studied 

using different indices (Gotelli and Colwell, 

2001). Some of the indices take into account 

the presence or absence of the recorded species 

in the samples. Furthermore, others ones 

integrate information on the relative abundance 

and relative frequency of the species. However, 

there are diversity indices that depend on 

sample size (Magurran, 2004), where as alpha 

(α) and gamma (γ) diversity are only 

differentiated by the scale (Jurasinski et al., 

2009). As for Beta (β) diversity it related to the 

difference in species composition between 

communities (Sfenthourakis and Panitsa, 

2012).  

The knowledge of tree diversity is a 

challenge even in fragmented savanna’s 

ecosystems. To address this challenge and 

provide reliable information that support the 

implementation of a management plan, some 

basic data are required. Patako Forest is 

surrounded on both sides by a multitude of 

villages whose population livelihoods directly 

or indirectly depends on the exploitation of 

forest resources derived from it (Diop et al., 

2011). The important livelihood activities 

include tree logging for fuelwood, timber, non-

timber forest products, market gardening and 

grazing. These activities improved the daily 

lives of local communities but have 

implications on woody plant species diversity 

and structure.  

Considering the existing biodiversity 

potential in Patako Forest and the important 

role it plays in supplying ecosystem goods and 

services, native species have been identified in 

order to break the pressure from rural 

communities. Indeed, to support the 

conservation of useful tree species, an 

afforestation/reforestation project-based 

Payment for Ecosystem Services (PES) was 

implemented around the protected area with 

the purpose to enhance biodiversity 

conservation by empowering local farmers to 

grow trees and restore the degraded landscape. 

The adopted land management systems 

integrated biodiversity for a variety of uses, 

thereby minimizing the exploitation of the 

protected area (Huang et al., 2002). The present 

study aimed at getting a global insight into 

diversity and structural characteristics of 

woody vegetation in Patako Forest by 

assessing the floristic composition, the 

diversity and the structure of the various 

vegetation types. 

 

MATERIALS AND METHODS 

Study area 

The study was conducted in the Patako 

Forest located in the Saloum Delta region of 

Senegal (West Africa). Patako Forest is a 

protected area (established in 1934) covering 

5638 ha and located between two rural councils 

(Keur Saloum Diane and Keur Samba Gueye) 

(Figure 1). The status of protection is governed 

by law which provisionally prohibit the 

exploitation excepted some uses like dead 

wood and fruit collection. Classified forest 

requires the development of a management 

plan as a prerequisite for the use of their 

resources. A short rainy season from June to 

October with a monomodal pattern and a dry 

season from November to May characterize the 

climate of the study area. The mean annual 

rainfall ranges between 600 and 800 mm with 

high temperatures throughout the year which 

average 26.6°C. The area is dominated by 

ferruginous tropical soils, poorly evolved soils, 

hydromorphic soils on alluvial plains and gley-

salted soils along valleys. These pedoclimatic 

conditions influence the distribution of 

vegetation. The latter is dominated by sudanian 

savannas generally with short cycle grasses due 

to fire frequencies. The vegetation types 

consist of shrub and tree savanna. Gallery 
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forests grow along two principal valleys and a 

mangrove area is found at their junction. 

 The woody vegetation consisted of at 

least 73% of species exploited for wood 

energy, 14% for timber and 4% for non-timber 

forest products (Sambou, 2004). These forest 

resources play a key role in the rural 

communities’ livelihoods because of their 

multiple uses in the fields of local wood 

technology, food (fruits, leaves, flowers, gum, 

roots), traditional medicines. Patako Forest has 

several species with edible fruits which has 

spurred an important gathering activity 

involving women and young people in fruits 

havesting for consumption or sale in local 

weekly markets (luuma).  

 

Sampling design and data collection 

Data collection was carried out within 

four vegetation types (shrub savanna, tree 

savanna, woodland and gallery forest) 

identified based on a stratification using 

Landsat images (Sambou et al., 2015). Each of 

these main vegetation types was divided into 

grids of 250 m x 250 m which constitute the 

"survey population". The number of grids 

depends on the size of each vegetation types. 

Then, the homogeneous grids (covered by a 

single vegetation type) were identified and 

selected on the basis of a simple random 

sampling without replacement (Sambou et al., 

2007). Furthermore within each selected grid, 

8 plots of 0.04 ha (20 x 20 m) each one were 

randomly installed along the medians and the 

diagonals (Figure 2). Data collection using this 

sampling design was conducted in a total of 

216 plots with 56 in woodland, 144 in tree 

savanna and 16 in shrub savanna. Concerning 

the gallery forest, 35 rectangular plots (10 m × 

40 m, i.e. 0.04 ha) were also randomly 

surveyed. The survey covered a total of 10.04 

ha, e.g: sampling rate of 0.18%. In each plot, 

we measured trees with diameter at breast 

height (DBH) at 1.3 m above the ground level 

≥ 5 cm. The minimum sample size (N) required 

was computed with a margin error (d) of 5% 

using the following formula (Dagnelie 1998): 
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Where N is the size of the sample, 
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value of t distribution (1.96) with a probability 

of 0.975 (α = 0.05) and CV, the coefficient of 

variation of the basal area of each vegetation 

type. 

 

Data analysis 

Floristic composition  

 The Importance Value Indices (IVI) 

of tree species were calculated. For a species i, 

IVI is the summation of the relative density 

(RDi), relative dominance (RDoi) and relative 

frequency (RFi), as: 

iiii RFRDoRDIVI                  (2) 

 RDi was obtained by dividing the 

number of individual trees belonging to 

speciesi by the total number of individuals x 

100; RDoi was derived from the division of the 

speciesi basal area by the total basal area of all 

species x 100; and RFi is the frequency of a 

given species divided by the total frequency of 

all species x 100. The basal area of a vegetation 

type (G), i.e. the sum of the cross-sectional area 

at 1.3 m above the ground level of all trees on 

a plot, expressed in m2/ha was calculated as 

follow: 
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           (3) 

di is the diameter (in cm) of the i-th tree of the 

plot; s = 0.04 ha. 

 

Floristic diversity 

 Species richness (S) was calculated as 

the total number of species recorded within 

each vegetation type.   

Shannon Weaver diversity index (H’) was 

calculated as: 

i

s

i

i ppH ln’
1




          (4) 

Where p is the proportion (n/N) of individuals 

of one particular species found (n) divided by 

the total number of individuals found (N), ln is 

the natural log, Σ is the sum of the calculations, 

and s is the number of species.  

Simpson index was calculated as  
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Where ni is the number of individuals for a 

given species and N the total number of 

individuals. 

Pielou evenness index (J’) was calculated as 
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Additive diversity partition expresses α 

and β diversity in the same unit so that their 

relative importance can be compared across 

vegetation types (Crist and Veech, 2006). αis 

defined as the average of the species richness 

(number) in the surveyed plots (n) at a site and 

β the variation in species composition among 

sites. 

The analysis of vegetation indices was 

done using the open source statistical software 

R and BiodiversityR packages. 

  

Vegetation structure 

Weibull distribution was used to 

characterize the size class distribution 

(Sheykholeslami et al., 2011). The structure of 

each vegetation type was adjusted to the 

Weibull parameters which density function f is 

expressed for a stem diameter x as follows: 
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Where x = the stem diameter ; a = the position 

parameter equal to 5 in this study; b = the size 

or scale parameter and c = the shape parameter. 

  

Data analysis was performed using 

Minitab. In order to test the adequacy between 

the observed density and the theoretical 

Weibull density, log-linear tests were 

performed with the following model (Caswell, 

2001) using SAS software. 

 

𝑳𝒐𝒈𝑭𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒆 = 𝑭 + 𝑭_𝑪𝒍𝒂𝒔𝒔 + 𝑭_𝑨𝒅𝒋𝒖𝒔𝒕𝒎𝒆𝒏𝒕 + ɛ 

            (8) 

F = mean frequency of the classes; F_Class = 

non-random gap linked to the differences in 

frequency between classes; F_Adjustment = 

non-random gap linked to differences between 

observed and theoretical frequencies; ɛ is the 

error of the model. The hypothesis of adequacy 

between both distributions is accepted if the 

probability value of the test is higher than 0.05. 

One way ANOVA and Tukey test were 

performed to compare means by vegetation 

types and assess their level of significance.

 

 
 

Figure 1: Location of Patako Forest. 
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Figure 2: Sampling design for data collection. 

 

 

RESULTS 

Floristic composition 

A total of 102 species belonging to 81 

genera and 35 families were recorded. The 

most abundant family was Fabaceae divided 

into three subfamilies namely 

Caesalpinioideae (7 genera), Faboideae (7 

genera) and Mimosoideae (6 genera). This 

family consisted of  25 species and represented 

24.5% of the total recorded species. 

Combretaceae included 11 species divided into 

3 genera (Figure 3). The Anacardiaceae and 

Moraceae counted 7 genera each of them, 5 

and 3 species respectively. For the remaining 

families, it was generally noted the same 

distribution of genera among species. 

Two recorded species have a fully 

protected status (i.e. Diospyros mespiliformis 

and Dalbergia melanoxylon) and 9 others a 

partially protected status (i.e. Adansonia 

digitate, Ceiba pentendra, Cordyla pinnata, 

Khaya senegalensis, Prosopis Africana, 

Pterocarpus erinaceus, Sclerocarya birrea, 

Tamarindus indica and Ziziphus mauritiana). 

Generally 21 species represented more 

than 90% of the IVI. Some species were 

recorded in all types of vegetation while others 

were specific to the gallery forest. Combretum 

glutinosum was the most abundant species in 

all vegetation types except in gallery forest, 

with a very high IVI of 160.62 and 109.57 in 

shrub savanna and tree savanna, respectively 

(Table 1). These values respectively counted 

for 54% and 37% of the total IVI estimated in 

the two vegetation types. It was particularly 

characterized by large frequencies of relative 

density, relative dominance and relative 

frequency. In the woodland, Terminalia 

macroptera and Combretum glutinosum had 

the highest IVI with 77.92 and 76.01, 

respectively. In the gallery forest Elaeis 

guineensis and Khaya senegalensis recorded 
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the highest IVI values with 47.05 and 38.52 

respectively, which accounts both for 29% of 

the total. 

 

Plant species richness and diversity 

The diversity indices varied from a 

vegetation type to another (Table 2). Species 

richness was estimated to 76 species with an 

average of 12.9 ± 4.64 per plot in the gallery 

forest, and 20 species with 4.75 ± 1.65 per plot 

in shrub savanna. Shannon index (H') was 2.81 

in the gallery forest whereas 0.89 was found for 

Simpson index. Woodland recorded a diversity 

of H’= 2.12, D= 0.82. Tree savanna and shrub 

savanna were the least diversified vegetation 

types with H’= 1.55, D= 0.63; and H’=  1.24, 

D= 0.54 respectively. But the number of tree 

individuals among species follow the same 

distribution except for shrub savanna in which 

a high variability (0.70 ± 0.19) was recorded. 

This variability of J’ evenness based Shannon’s 

diversity index was estimated to 0.74 ± 0.05 in 

woodland. As for the gallery forest J’ = 0.65 

and for the woodland J’ = 0.59. 

The contribution of α and β diversity 

to γ diversity differs among the different 

vegetation types of Patako forest. The β had a 

slightly greater contribution in all types except 

for the gallery forest where α = 12.14 ± 4.67 

represents 59.10% of γ (Table 2). 

The shared common species varied 

from 13 to 31 between all vegetation types with 

an average of 20.33 ± 6.41. The savanna 

vegetation types (i.e shrub savanna, tree 

savanna and woodland) have Sorrensen 

similarity indices greater than 0.5 (ranging 

from 0.54 to 0.75). Tree savanna and woodland 

were the most similar types (0.75) where as 

shrub savanna and gallery forest shared fewer 

species. 

 

Structure of woody vegetation  

The highest density was observed 

within the gallery forest (412 ± 11 trees/ha) 

followed by the woodland (390 ± 23 trees/ha), 

tree savanna 277 ± 18 trees/ha and shrub 

savanna (192 ± 17 trees/ha). In most cases tree 

species were multi-stemmed. Stems density 

ranged from 309 ± 14 to 536 ± 13 per ha with 

a lower number in the shrub savanna (Table 3). 

The ANOVA based multiple comparison of 

means showed in general significant 

differences (P <0.001) between the studied 

vegetation types. 

The mean diameter ranged from 9.60 ± 

5.87 in the shrub savanna to 18.30 ± 16.66 cm 

in the gallery forest. There was also a large 

variability within one type and among 

vegetation types and species. The majority of 

trees and stems were distributed within the 

smaller diameter classes. This DBH 

distribution illustrated the weakness of the 

basal area in the savanna vegetation types 

(between 3.08 ± 1.82 m²/ha and 6.82 ± 3.45 

m²/ha) compared with gallery forest (25.78 ± 

14.43 m²/ha). 

The observed size class distribution 

revealed a reversed J-shape distribution (Figure 

4). The species that influenced most this 

structure were Combretum glutinosum, 

Combretum nigricans, Terminalia macroptera, 

Acacia macrostachya. They represented over 

60% of the measured individual trees. These 

species were characterized by small or medium 

size class diameters. Individuals with large 

diameter (DBH > 50 cm) were less represented 

in the savanna vegetation types (density = 2 per 

ha) than in the gallery forest (density = 20 per 

ha) where some species such as Khaya 

senegalensis, Detarium senegalense, Ceiba 

pentandra, and Elaeis guineense are 

exclusively located. 

The shape parameter (c) of Weibull was 

inferior to 1 in all vegetation types; shrub 

savanna (0.846), woodland (0.834), tree 

savanna (0.780) and gallery forest (0.699). 

Log-linear tests revealed that the theoretical 

distribution of Weibull fitted (p > 0.05) the 

observed structure in all vegetation types.

 

 

 



S. SAMBOU et al. / Int. J. Biol. Chem. Sci. 15(5): 1770-1782, 2021 

 

1776 

  
 

Figure 3: Distribution of woody vegetation by family and genera. 

 

Table 1: The five tree species with highest IVI in each vegetation type. 
 

  
IVI is the Importance Value Indice, RDi the relative density, RDoi the relative dominance and RFi the relative frequency. 
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Table 2: Woody vegetation diversity in Patako Forest. Diversity indices and their variability (mean 

and standard deviation) for each vegetation type.  

 

Indices  

Vegetation types F-value P-value 

Shrub 

savanna 

Tree 

savanna Woodland 

Gallery 

forest 
  

Richness (S) 
Total 20 49 36 76 

31,7 <0.001*** 
Mean (SD) 4.75 (1.65) 7.85 (3.09) 9.12 (2.68) 12.9 (4.64) 

Shannon 

Weaver 

index (H’) 

Total 1.24  1.55  2.12  2.81 
58,9 <0.001*** 

Mean (SD) 1.02 (0.38) 1.18 (0.28) 1.6 (0.23) 1.77 (0.41) 

Simpson 

index (D) 

Total 0.54  0.63  0.82  0.89  
46,8 <0.001*** 

Mean (SD) 0.53 (0.17) 0.58 (0.11) 0.73 (0.06) 0.74 (0.11) 

J evenness 
Total 0.41 0.40  0.59  0.65  

22,2 <0.001*** 
Mean (SD) 0.70 (0.19) 0.6 (0.13) 0.74 (0.05) 0.71 (0.12) 

α diversity Mean (SD) 3.75 (1.65) 6.92(3.16) 8.12(2.68) 12.14(4.67) 
32,8 <0.001*** 

β diversity Mean (SD) 27.20(1.67) 14.75(3.44) 12.55(2.13) 8.40(4.51) 
26,4 <0.001*** 

 

 
 

Figure 4: Diameter structure of Patako Forest vegetation types. 
A : shrub savanna ; B : tree savanna ; C : woodland ; D : gallery forest and a, b, c are respectively the position, the size or scale 

and the shape parameters of Weibull distribution. 

 

0

50

100

150

200

250

300

350

5_10

10_15

15_20

20_25

25_30

30_35

35_40

40_45

45_50 50

D
e
n

si
ty

 (
st

e
m

s/
h

a
)

Diameter classes (cm)

W eibull

a : 05
b : 4.385
c : 0.780

B

0

50

100

150

200

250

300

350

5_
10

10
_1

5

15
_2

0

20
_2

5

25
_3

0

30
_3

5

35
_4

0

40
_4

5

45
_5

0
≥5

0

D
e
n

s
it

y
 (

s
te

m
s
/h

a
)

Diameter classes (cm)

W eibull

a :  05
b : 5.158
c : 0.834

C

0

50

100

150

200

250

300

350

5_
10

10_
15

15
_2

0

20
_2

5

25
_3

0

30_
35

35
_4

0

40
_45

45
_5

0
>50

W eibull

D
e
n

si
ty

 (
st

e
m

s/
h

a
)

a : 05
b : 11.57
c : 0.699

Diameter  classes (cm)

D

0

50

100

150

200

250

300

350

5_
10

10
_1

5

15
_2

0

20
_2

5

25
_3

0

30
_3

5

35
_4

0

40
_4

5

45
_5

0
≥5

0

D
e
n

si
ty

 (
st

e
m

s/
h

a
)

Diameter classes (cm) 

W eibull

A

a : 05
b : 4.235
c : 0.846



S. SAMBOU et al. / Int. J. Biol. Chem. Sci. 15(5): 1770-1782, 2021 

 

1778 

Table 3: Structural parameters of trees ≥ 5 cm DBH in Patako Forest. 

 

 

 

DISCUSSION 

Floristic composition  

An important number of plant families, 

genera and species were reported in the Patako 

Forest. Our findings have demonstrated a 

higher tree diversity compared to a previous 

study in which 73 species belonging to 63 

genera and 28 families were found in the area 

within 176 sample plots of 0.04 ha each one 

(Sambou et al., 2007). But these authors did not 

take into account gallery forest. As a 

comparison, if we exclude the gallery forest, 

the number of recorded species was 

approximately the same with only 6 more 

species found in the current study. This shows 

the importance of the gallery forest and its 

contribution to the knowledge of Patako Forest 

biodiversity potential. 

Plant richness in Senegal was estimated 

to 2499 species divided into 182 genera and 

1022 families  (Ba and Noba, 2001). 

Considering the scale of data survey (5638 ha) 

and the number of recorded species we can 

state that the studied area has a great 

biodiversity potential, though unevenly 

distributed from one vegetation type to another. 

In the savanna vegetation Combretum 

glutinosum and Terminalia macroptera were 

the most important species in terms of IVI due 

to their high density, frequency and basal area. 

These species are among the dominant and 

most havested by local populations especially 

for fuelwood. Ouoba and Da (2019) considered 

that the high presence of Combretaceae in 

some natural vegetation is due to their ability 

to resist disturbances. The cumulative impacts 

of stems cutting could explain the dominance 

of some species due to their regenerative 

power. This can increase as a function of stress 

due to historic damages. 

In order to stop human pressure, 

Arlomom project was initiated in 2010 as an 

innovative approach to enhance technical and 

leadership capacity of local communities and 

restore degraded lands. This initiative aimed at 

developping sustainable land management 

practices that combine existing and improved 

agricultural land uses with tree planting and 

assisted natural regeneration. These 

afforestation and agroforestry activities were 

implemented with native tree species in order 

to conserve biodiversity. An inclusive 

approach was used with ecological and socio-

economical criteria allowing communities to 

prioritized and choose species based on their 

needs and preferences. The planted trees 

allowed, in a short and medium terms, local 

people to restore tree cover in the degraded 

agricultural lands, fertilize soil, gain additional 

revenue through the payment of ecosystem 

services. Later the households can satisfy their 

needs of wood harvesting for cooking outsite 

the protected area. 

For the gallery forest, Elaeis guineensis 

and Khaya senegalensis were the dominant 

species and have been especially recorded 

within this humid environment which 

ecological conditions are different to other 

types. The gallery forest is drained by two 

valleys and one of them has a permanent flow 

Vegetation 

types 

Shrub 

savanna 

Tree 

savanna 
Woodland 

Gallery 

forest 
F-

value 
Pr(>F) 

Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

Density 

(individuals/ha) 
192 ± 17 277 ± 18 390 ± 23 412 ± 11 15.07 

< 0.001 

*** 

Density 

(stems/ha) 
309 ± 14 364 ± 15 526 ± 12 536 ± 13 16.71 

< 0.001 

*** 

Mean DBH 

(cm) 
9.60 ± 5.87 

10.10 ± 

7.05 

10.70 ± 

7.12 

18.30 ± 

16.66 
44.68 

< 0.001 

*** 

Basal area 

(m²/ha) 
3.08 ± 1.82 3.97 ± 3.52 6.82 ± 3.45 

25.78 ± 

14.43 
33.45 

< 0.001 

*** 
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with fresh water upstream. Such conditions 

have supported the development of rare species 

with low IVI values, but which are of 

paramount importance in providing goods for 

local communities (e.g: Saba senegalensis, 

Detarium senegalense, Dialium guineense, 

Landolphia heudelotii). 

The relative species richness of Patako 

Forest could be attributed to habitat 

heterogeneity as these conditions have been 

deemed to increase tree diversity of African 

savannas. Water availability in soils is a 

determinant factor of vegetation growth, 

composition and distribution of savanna 

ecosystems (Gnoumou et al., 2020). Despite its 

location in the Sudanese domain the study site 

is one of the northern most refuge of Guinean 

plant species (Elaeis guineensis, Dialium 

guineense, Erytrophleum guineense). There are 

also Sudano-Guinean plant species mainly 

located along the Patako gallery forest: Ficus 

glumosa var glaberrima, Ficus sycomorus, 

Ficus platyphylla, Neocarya macrophylla, 

Detarium senegalense, Alchornea cordifolia, 

Fagara xanthoxyloides. According to Diop et 

al. (2012), the Ficus species listed above are 

mainly frequent in the humid forests of the 

Casamance, the gallery forests and the humid 

valleys of eastern Senegal. Due to favorable 

ecological conditions existing in the Patako 

Forest valleys some species have adapted out 

of their eco-climatic zone. According to the 

national forestry Code, Senegal has listed 11 

ligneous tree species with a fully protected 

status and Patako forest counts 18% among 

them, while it records 53% of the partially 

protected species. Most of the recorded species 

were native except for Azadirachta indica, 

which was identified as an exotic species and 

whose few tree individuals were probably 

disseminated by frugivorous birds. 

  

Diversity of woody plant species 

Most indices showed that species 

diversity concentrated in the gallery forest as 

opposed to the shrub savanna where smaller 

values were estimated. Shannon index showed 

values greater than 1.5 in the main vegetation 

types, except in the shrub savanna. This could 

be due to the difference in sampling intensity 

among vegetation types (Magurran, 2004). 

However, the recorded values highlight the 

potential of Patako Forest as a sink of 

biodiversity. This potential was especially 

illustrated through a good distribution of 

individuals among species (J’ = 0.96). Simpson 

index (D) further confirmed species diversity 

of the gallery forest, woodland and tree 

savanna. Within these types, D was 

significantly higher than 0.5. This index was 

recognized to be one of the most meaningful 

and robust diversity measures as it takes into 

account the variance of species abundance and 

the way they are distributed within a type of 

vegetation (Morlon et al., 2009). Chiacucci et 

al. (2010) suggest that α and β relative 

contributions to γ diversity depend on 

ecological heterogeneity or homogeneity. Our 

findings revealed a greater α diversity in most 

homogeneous stands like the gallery forest, 

whereas β diversity is more important in the 

savanna vegetation types which have some 

similarities with a significant number of 

common species.   

The lowest diversity of the shrub 

savanna linked probably to the low sampling 

intensity. Likewise, this type was derived from 

the fragmentation of the tree savanna (Sambou 

et al., 2015) and can be attributed to the impact 

of human activities such as tree cutting for 

firewood collection, cattle browsing and 

breeding damages. However, while the strategy 

of Arlomom project was to intervene in a 

buffer zone around the Patako Forest, another 

initiative called Nebeday recently consisted of 

reforestation and beekeeping activities within 

the forest to enhance biodiversity. The study 

site is biologically diverse in terms of floristic 

composition and could be an important 

provider of ecosystem services since diversity 

often is indicative of better ecosystem 

functioning (Akwee et al., 2010). The 

biodiversity information could be used by 

decision makers and conservation technicians 

to enhance its management and reinforce rare 

species in degraded areas of the Patako Forest. 

 

Structure of the woody vegetation 

The highest values of structural 

characteristics were recorded in the gallery 

forest. The basal area per hectare depended on 

both tree diameter sizes and density and gave 
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valuable information as it is an indicator of the 

relevance or not to intervene in a stand in terms 

of forest management strategies. The 

importance of these structural characteristics 

could be related to favorable moisture 

conditions (Savadogo et al., 2007) that resulted 

in a high relative dominance of some species 

(Khaya senegalensis, Ceiba pentandra, Elaeis 

guineensis and Detarium senegalense). Most 

of species were mono-stemmed trees in gallery 

forest as opposed to other vegetation types 

(woodland, tree savana and shrub savana) 

which were dominated by multiple-stemmed 

species (Combretum glutinosum, Combretum 

nigricans, Terminalia macroptera, Acacia 

macrostachya). The observed stem densities 

were probably due to resprouting strategies as 

responses to stand disturbance like fires, tree 

cutting and recurrent stimuli experienced by 

some species. In certain savanna types, 

disturbances was perceived through the species 

composition and their regeneration ability and 

resistance characteristics that represent all 

different strategies of plants to survive fires 

(Cianciaruso et al., 2012). 

Many studies have been conducted in 

the soudano-sahelian zone of Senegal focusing 

on woody vegetation structure. Our results 

matched with other findings that used a 

threshold diameter of 5 cm or slightly less 

(Sambou et al., 2008; Badji et al., 2013). This 

suggests the dominance of small diameter 

classes, especially those lower than 20 cm. The 

high density of small diameter classes ensures 

the renewal of natural forest ecosystems while 

low densities of large trees result on natural 

selection. Similar structures have been shown 

in the Niokolo-Koba National Park of Senegal 

(Larrue, 2002) and in protected areas in the 

southern of Niger (Abdourhamane et al., 2013; 

Idrissa et al., 2020). Authors found the same 

profile of forest stands structure in Benin using 

a diameter threshold of 10 cm (Bonou et al., 

2009; Houeto et al., 2013). This reduction 

described a decreasing exponential function 

that reaveled the potential of renewal and 

sustainability of forest stands (Sambou et al., 

2007). However, the overall analysis of 

vegetation structure did not provide 

information about the degradation dynamics of 

species. Size class distributions are usually 

considered in sustainable management of 

woody vegetation. Based on that, the 

implementation of Patako Forest management 

plan should aim at an optimal conservation of 

woody vegetation diversity and structure. 

  

Conclusion 

The woody vegetation of Patako forest 

was characterized by savanna species such as 

Combretum glutinosum, Terminalia 

macroptera, Acacia macrostachya and 

Cordyla pinnata, whereas an important part of 

tree diversity was concentrated within the 

gallery forest, which was as a refuge for rare 

species. The structural characteristics indicated 

that in general there was a good rejuvenation 

potential, but it is necessary to investigate the 

structural characteristics of each species to get 

an overview of the conservation status of 

individual species taking into account the 

distribution of diameter size classes and their 

spatial distribution. This study has 

demonstrated the important contribution of 

savanna vegetation types for the knowledge of 

floristic composition and structural 

characteristics and particularly the potential of 

gallery forests for biodiversity and carbon sink 

conservation. 
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