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In Sahel, wetlands are particularly endangered hence practical knowledge for their sustainable
management is needed. The aim of this study was to compare plant community structure between
protected and unprotected wetland bank stands in eastern Burkina Faso. Phytosociological and
dendrometrical parameters were carrying out in adult trees, seedling individuals and herbaceous
species. Discrimination of plant communities and diversity indices were calculated for each
group.Weibull distributionwas used to comparethe diameter structures. The results shows that plant
communities located in riverbanks of unprotected wetlands have a greater specificheterogeneity.They
are rich inannual speciesand in species with a wide distribution. Finally their woody stands are
characterized by lower basal areas than unprotected wetland riverbank stands. Plant community stands
in riverbanks of protected wetlands were better preserved but some disturbances were noticed.
Furthermore, juvenile plants of the two siteswere threatenedand this may affect in long term, the
relative stability of these trees stands as revealed by Weibull distribution. Further study should focus
on wetlands riverbanks seedling status in order to propose restoration strategies.
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INTRODUCTION

Wetlands are complex ecosystems whose functions
require practical knowledge for their sustainable
management. According to the Ramsar Convention,
wetlands include areas of marsh, permanent or
temporary water, including their adjacent shores
(Ramsar, 2013). The wetlands were identified to be a key
landscape feature with substantial regulatory controls on

environmental vitality (Naiman et al, 2010). The
structural originality and diversity of riparian forest
ecosystems can be explained by sediment transport of
the river and the specific microclimate induced by the
flow of water (Natta, 2003; Naiman et al.,, 2008).
Moreover, these sites are often sacred woods protected
by customs (Sokpon and Agbon, 1999; Savadogo et al., 2013)
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The presence of vegetation protects the riverbanks from
erosion, regulates water quality, sediment deposition and
contributes to the conservation of biodiversity (Belem,
2001, 2008; Naiman et al., 2008). In semi-arid Sudanian
zones, including the Sahel, besides their ecological
service, riparian ecosystems are found to have a high
socioeconomic value. They provide timber and non-
timber forest products to local populations (Natta, 2003).
Moreover, this semi-deciduous vegetation is grazed
during the dry period by livestock (Savadogo et al.,

2007).
Wetlands are wusually classified as endangered
ecosystems, particularly in the Sahelian countries.

Especially in African rural areas, wetlands may be
degraded because of the pressure for their use
(Boukpessi, 2003; Kaboré et al., 2013). Most riparian
forests located outside protected areas are cleared for
agriculture and market gardening (Fontes and Guinko,
1995). Increasingly, intensified management of
watershed is being advocated in Burkina Faso
(SP/CONEDD, 2010). In Burkina Faso, several studies
have treated the topic of riparian vegetation (Belem,
2001, 2008; Savadogo et al., 2007; Sambaré et al., 2010,
2011; Kaboré et al., 2013). Wetlands are subject to fire
disturbance with less frequency than elsewhere in the
landscape due to their relative high density of the
vegetation. Indeed, wetland ecosystems contain specific
species and the importance of their biodiversity attracts
the interest of people (Dan, 2009). The overgrazing of
these sites (especially during the dry season) intensifies
their degradation (Savadogo et al.,, 2007). Semi-arid
Sudanian wetland vegetation is composed of semi-
deciduous forests, woodlands and savannas located in
the banks of rivers, streams, and semi-permanent water
points. From a microtopographical perspective, Sambaré
et al. (2010: 2011) distinguished three different types of
micro-sites corresponding to the habitat of specific
biodiversity in Burkina Faso. These were specifically, the
watersheds with shorter or longer flood duration, the
banks with a medium flood duration and adjacent land
rarely flooded. The negative impact of climate change
(drought or prolonged flooding of the riverbanks) or
human pressure (agriculture, livestock, fuel wood
cutting), lead to the degradation of semi-arid Sudanian
wetlands  plants communities  structure.  These
disturbances threat the diversity and reduce the
ecological resilience at the local scales (Assogbadjo and
Sinsin, 2002).

Insufficient knowledge about semi-arid Sudanian
wetland functions and related products limits their
effective conservation (SP/CONEDD, 2010; Wetlands
International, 2003; Sally et al, 1994). Biodiversity
characterization is an effective way to assess land
degradation and identify conservation strategies (Pueyo
et al.,, 2006). Human disturbances on these biological
reserves can be revealed using floristic analysis (Pueyo
et al., 2006; Liu et al. 2009; Dossou et al., 2012). In
Burkina Faso, previous studies in wetlands plants

communities topic, have focused on the distribution of
riparian vegetation according to phytogeographical
sectors (Fontes and Guinko, 1995), establishment of
taxonomic and structural characteristics of certain
riparian vegetation (Belem, 2001, 2008; Da, 2006), the
impact of the orientation of the flow on the flora of riparian
forests (Kaboréet al., 2013), analysis of plant diversity
according to wetland types, microtopography and
phytogeographical sector (Sambaré et al., 2010, 2011).
Even though the riparian forest biodiversity has been
studied, there is paucity in knowledge of the impact of
conservation status on wetland phytodiversity at a local
level.

The objective of this study is to compare the diversity
and the structure of plant communities in wetland
riverbank stands of protected and unprotected areas. We
hypothesize that, the diversity and the dynamic of semi-
arid Sudanian riparian forest plants depend on the
conservation status.

MATERIALS AND METHODS
Study Area

The study area is located in the South-East of Burkina
Faso, in the provinces of Gourma and Kompienga (Figure
1). It comprises the Partial Wildlife Faunal Reserve of
Pama and the surrounding agroecosystems. Pama partial
wildlife reserve (223.500 ha) is established since 1955
and is classify by International Union of Conservation of
Nature (IUCN) as part of the protected (fourth
category).Because of the agricultural potential of this
region, there is an increasingly migration of populations
from other provinces of the country to the study area. A
strong correlation between environmental degradation
and human pressure is observed in this region over the
past two decades (PRIPODE, 2006; Soulama et al.,
2015).

Largely located in the north Sudanian sector, a small
part of the study area belongs to the south Sudanian
district (Fontes and Guinko 1995). The unimodal rainfall
pattern is characterized by annual rainfall (June to
October) between 700 and 1000 mm. Temperature
fluctuates between 25 ° C and 39 °C. The vegetation is
dominated by savannas and some dry forests such as
riparian forests and gallery forests (Hahn-Hadjali, 1998;
Mbayngone et al.,, 2008b). The landscape is flat with
elevations between 250 and 300ma.s.l. and is dominated
by a vast plateau and granite hills and inselbergs. The
main soils are ferruginous leached soils with the
presence of hydromorphic soils along river banks
(Mbayngone et al., 2008b).

Pama Reserveis rich in bird and wildlife. The most
common mammals are elephant (Loxodonto africana),
lion (Panthera leo), buffalo (Syncerus caffer), the roan
antelope (Hippotragus equinus), hartebeest (Alcelaphus
buselaphus), bushbuck (Tragelaphus scriptus),
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Figure 1: Study area

warthog (Phacochoeurus aethiopicus), waterbuck (Kobus
ellipsiprymnus), the cob redunca (Redunca redunca),
common duiker (Cephalophus grimmia), the ourebi (Ourebi
ourebi), the patas monkey (Erythrocebus patas), the baboon
(Papio anubis), vervet monkey (Cercopithecus aethiops) and
hippopotamus (Hippopotamus amphibius).
Peoplemainlypracticerain-fedagricultureandmarket
gardening, livestock breeding, fishing or hunting. Agriculture
is characterized by a low level of mechanization.

Data Collection

To assess the impact of humans on plant communities,
we sampled vegetation characteristics from two areas
with different conservation status. The first site is
PamaFaunal wildlife reserve which is strictly protected
against human activities. The second site is located
outside the reserve where human population and
livestock have unrestricted access to ecosystem
resources. Floristic data were recorded at the end of two
consecutive rainy seasons (September-October 2011
and 2012). Phytosociological data were collected in 60
plots of 50 m x 20 m for woody vegetation. Within each
plot a sub-plot of 10 m x 10 m was established for the
herbaceous inventory and two sub-plots of 5 m x 5 m for
tree regeneration assessment (Ouédroago, 2006;
Kaboréet al., 2013). Individuals of tree species were
classified as mature trees if their Diameter at Breast
Height (DBH) was = 5 cm and seedlings otherwise. All
species were recorded following the nomenclature

applied in the International Plant Names Index
(www.ipni.org).

Species Diversity Analysis

Factor analyses by Detrended Correspondence Analysis
(DCA) were first performed using PCOrd 6.0.DCA is a
technical analysis of indirect environmental gradients.

The objective of the DCA was to rank plant groups in
relation to their conservation status.

Floristic diversity was assessed using Shannon-Weiner's
diversity index (H"), Pielou evenness (E), Jaccard
dissimilarity index (D) and the biological spectrum or
phyogeographical spectrum. These indices are defined
respectively by the following equations:

H= —X piln piEq. (1)

Where pi is the relative abundance of species i and S the
number of species. The relative abundance has been
calculated using Braun-Blanquet (1932) abundance-
dominance coefficients.

Eq.(2)

" InS

Abundance Analysis and Determination of Diagnostic
Species

The structure of the frequency of plants was determined
using species frequency of occurrence. The frequency of
occurrence of a given species is the ratio expressed as a
percentage of the number of records where this species
is noted with the total number of such records (Dajoz,
2006).

F = 2x100Eq. (3)

F is the occurrence frequency of the species, Pa is the
total number of records containing a particular species,
and P is the total number of records.

Dajoz (2006) has distinguished three groups of species
according to their frequency: the species of the first group
are called constants (common species) when they are
found in 50% or more surveys in the same community;
those in the second group are accessories because they
are only present in 25-49% of the surveys; finally,
accidental species have an occurrence frequency below
25%.
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Figure 2: Ordination diagram of 60 plots based on the protection status: PA: protected riverbank plant communities (24
plots); NPA: unprotected riverbank plant communities (36 plots).

Diagnostic species or characteristic species were
ascertained by fidelity determination through the method
of Dufrene and Legendre (1997). The concept of
diagnostic species, measure the co-occurrence of
species in vegetation units is closely associated with
fidelity. The fidelity concept is a comparison between the
observed species frequency measurement in a
vegetation unit (Chytry et al., 2002; Willner et al., 2009).

Structure Analysis

Structural characteristics were computed for each plot.
The structural parameters used in this study are species
abundance, density and diameter at breast height (DBH)
of woody species equal or greater than 5 cm (dbh = 5
cm). Moreover, quantitative inventory of the regeneration
stratum (dbh< 5 cm) based on counting and
measurement of the height of individuals. Basal area
(BA) was computed through the following formula:

100007 ©
BA= — Zdiz Eq. (4)

i=1
Dbh data of all trees (dbh = 5 cm) were computed and
assembled in diameter classes of regular interval of 5 cm.
The density of individuals per diameter class and per
wetland management regime was also computed. The
Weibull theoretical distribution model was used as
indicator for population structure. The observed shape
was adjusted to the 3-parameter Weibull theoretical
distribution (Rondeux, 1999):

c-1 C
C({ X—a X—a
f(x)=—-| 22 [ 2221 |gq.
(x) b( 5 j exp ( . j Eq. (5)

Where x is the tree diameter; a = position parameter (= 5
cm); b = scale parameter linked to the central value of
diameters; ¢ = shape parameter of the structure.

For each wetland type, diameters of trees were used to
estimate the parameters b and c of Eqg. (5) based on the
maximum likelihood method. The adjustment of the
Weibull distribution to the histograms helped in describing
and interpreting the shape of the stem diameter
structures. MINTAB 14 was used for stem diameter
distribution analysis and ANOVA tests were used to
compare groups.

RESULTS
Floristic composition, diversity and life forms

The results of the DCA applied to the matrix of 60 plots x
329 recorded species, show the distribution of wetland
adjacent plant communities depending on the
conservation status. The plots established in wetland
banks are divided into two clusters (Figure 2). Plots which
have been established in non-protected wetland shores
were assembled in the left and plots obtained from
protected wetland shores were in the right.

Table 1: Axes characteristics

Axis Eigenvalue Gradient Length CPVE Totalinertia
1 0.65 4.06 0.38
2 0.44 3.54 0.43

7.94

CPVE : Cumulative percentage of variance explained

In the protected wetland, a total of 177 species (dbh = 5
cm) distributed in 121 genera and 49 families were
identified while in the unprotected wetland, 294 species
belonging to 59 families and 187 genera were identified.
The most common plants families found in riverbanks were
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Herbaceous stratum Woody stratum
Label Protected unprotecte F[1; Protected  unprotected F[1;
area d area 58] P area area 58] Prob.
gznrj'e“rzs richness o 20 37 35 35
Total species Gen 68 121 55 70
’ p TSR 93 189 84 105
richness
Species richness 14.75 + 36.58 + 72.1 0,00 |17.83 0.44
average per plot RSM 0.03 0.03 5 0 0.04 19.28 £0.03 0.587 7
. . 4,15+ 4.75 + 58.0 0,00 |4.07% 0.00
Shannon index H' (bit) 0.007 0.004 4 0 0.007 4.20 + 0.005 10.36 5
. . 0.92 091+ 0.03 [0.92 0,00
Pielou index E 0.001 0.001 4.86 1 0.002 0.90 + 0.001 13.95 0
Jaccard index Cs 0.4 0.4 0.7 0.7 - -
Probability values were derived from ANOVA on data of the diversity parameters
Table 3: Most dominant families of wetland riverbank plants
Herbaceous stratum Woody stratum
Protected Unprotected Protected area Unprotected
Families area area Families area
(%) (%) (%) (%)
Poaceae 37.63 27.51 Leguminosae 22.62 28.04
Leguminosae 18.28 15.87 Combretaceae 15.48 12.15
Acanthaceae 4.30 5.29 Rubiaceae 5.95 8.41
Cyperaceae 4.30 5.82 Tiliaceae 5.95 4.67
Lamiaceae 4.30 3.17 Anacardiaceae 4.76 3.74
Rubiaceae 4.30 3.70 Euphorbiaceae 3.57 3.74
Others 28.88 38.63 Others 41.66 39.25

Leguminosae and Combretaceaefor woody species and
Poaceae and Leguminosaefor herbaceous (Table 3).The
Poaceae family had the highest species diversity in the
riverbanks within the Reserve (35 species) and in the
unprotected area (50 species). Average values of
diversity parameters were relatively different between
plant communities of the two wetland types (Table
2).Shannon-Weaver diversity indices (H ") and Pielou
evenness (E) vary slightly in the two sites. Regarding
herbaceous species, Jaccardindex showed dissimilarity
between the two sites (D = 0.40) while woodyspecies
ofthesetwositeswerealmostsimilar(D=0.70).

Plant biological type analysis showed the dominance
of Therophytes in wetland plant communities located in
unprotected areas while Phanerophytes were dominant in
protected wetland plant communities. Other life forms
such as Chamaephytes, Hemicryptophytes, Geophytes
and Helophytes were very poorly represented (Figure
3 A).Regarding plant geographical distribution aspects,
Sudanian and Sudano-Sambesian species were the
most common ones found in wetland riverbanks within
protected areas while the Pantropical species of broad
distribution were dominant in unprotectedriverbanks
(Figure 3 B).

Species Occurrence and Diaghostic Species

The Figure 4 shows the importance of accidental species
in wetland shores according to the status of protection
while Figure 5 shows the distribution of species richness
according to the frequency of families. Families with one
or two species were very common (left part of the curve)
while families with many species (e.g. >10) were quite
rare. In PamaReserve riverbanks, 27 families (56 % of
families)had only one species while in unprotected
riverbanks about 24 families (41 % of families) had only
one species. Among the accidental species, more than
53 species (32 herbaceous, 21 woody) were recorded
only one time in the wetland located in the Reserve while
in non-protected area wetland banks, this number was 77
species (51 herbaceous, 26 woody). The diagnostic
species at both sites are given in Table 4 below.These
diagnostic species show a strong presence of species of
dry ecological environments and grazing indicator
species.

Structural Analysis

Table 5 gives means of structural parameters (basal
area, adult plants and seedling density) between plants
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communities in protected and non-protected wetlands
riverbanks. The basal area was higher in protected
wetlands banks than in non-protected wetlands banks.
Butadult woody plants density and seedling density did
not vary significantlybetween
protectedandunprotectedwetlands shores. On the other
hand, individuals of 0-5 cm height class were more
abundant than those with height >5 cm(F [, 10) = 48.2, P
= 0.000). Their respectivedensitiesaveraged11236+
10990 individuals/haand 3340+ 2925individuals/ha.

Regarding the structure of plant groups, our results
showed that the shape parameter of the Weibull
distribution is less than 1 for all plant groups(Figure
6).Wetland bank woody plants located in both types of
sites were characterized by multi-species, with different
ages and a predominance ofyoung individualsor small
diameter.

Regarding the structure of plant groups, our results
showed that the shape parameter of Weibull distribution
is less than 1 for all plant groups (Figure 5).Wetlands
banks trees located in both types of sites are
characterized by multi-species, with different ages and a
predominance ofyoung individualsor small diameter.

DISCUSSION
Species Richness

Theordination allows the understanding of the
relationship between vegetation and environment
(Bouxin, 2008).Protected wetland riverbank plant
communities were discriminated between non-protected
ones; by DCA results (Figure 2).Axis 1 can be interpreted
as a human pressure gradient. The wetlands sites
located outside protected areas were more degraded
than those inside Pama Reserve regarding composition,
richness and basal areas of plant communities. This was
confirmed by the beta diversity index (Jaccard index)
which states that the difference between these species
from two sites is mainly due to the contribution of
herbaceous flora (D = 0.4). The woody flora did not vary
significantly between the two sites (D = 0.7).Plants
communities located in non-protected wetland riverbanks
were richer in species (1.66 times), genera and families,
than protected areas. Regarding the herbaceous layer,
the averagespecies richnessper plotis2.48times higherin
unprotected riverbank plant communities. As for woody
plants, there was no significant difference in the average
species richness between the two sites (P =0.45).The
Poaceae family displays an important role in the species
richness distribution between the two sites because it had
the highest number of species while most families had
only one or two species.

There was a significant difference in the composition
and the species richness between the two areas, especially
in the grass layer (P < 0.000). Species richness is known to
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Vegetation units

Diagnostic species

IV (%) P-value

Anogeissus leiocarpa (DC.) Guill. &Perr. 85.4 0.001
Rottboellia cochinchinensis (Lour.) W.D. Clayton 64.6 0.001
Andropogon gayanus Kunth 64.2 0.001
Tephrosia bracteolata Guill. &Perr. 59.4  0.001
Stereospermumkunthianum Cham. 57.9 0.02
Wetlands banks located in protected area Andropogon pseudapricus Stapf 57 0.005
Combretum adenogonium Steud. Ex. A. Rich. 49.7  0.006
Pterocarpus erinaceus Poir. 39.5 0.006
Andropogon tectorum Schum. & Thonn. 29.9 0.005
Grewia cissoides Hutch. & Dalz. 295 0.032
Indigofera colutea (Burm. f.) Merrill 29.4  0.003
Sorghastrum bipennatum (Hack.) Pilg. 25 0.008
Pennisetum pedicellatum Trin. 81.8 0.001
Cassia obtusifolia L. 80.6  0.001
Tephrosia pedicellata Bak. 77.6 0.001
Triumfetta pentandra A. Rich. 76.1  0.001
Setaria pumila (Poir.) Roem. Et Schult. 66.8 0.001
Sida alba L. 66.3  0.001
Leucas martinicensis (Jacq.) R. Br. 63.9 0.001
Alysicarpus ovalifolius (Schum. & Thonn.) J. Léonard 61.2  0.001
Balanites aegyptiaca (L.) Del. 61.1 0.001
Digitariahorizontalis Willd. 61.1 0.001
Sida urens L. 58.6  0.001
Wetlands banks located in unprotected area Chioris pilosa Schumach. °8.3  0.001
Corchorus tridens L. 55.6  0.001
Dactyloctenium aegyptium (L.) Wild. 44.4  0.001
Hyptis spicigera Lam. 53.9 0.002
Ipomoea eriocarpa R. Br. 53.8  0.003
Wissadula rostrata (Shumach.) Hook. f. 38.9 0.003
Brachiaria lata (Schumach.) C.E. Hubbard 63.3 0.006
Sporobolus pyramidalis P. Beauv. 46.5 0.006
Eleusine indica (L.) Gaertn. 33.3 0.006
Feretia apodanthera Del. 48.5 0.07
Stylosanthes erecta P. Beauv. 38.9 0.007
Acanthospermum hispidum DC. 36.1 0.007
Mitracarpus scaber Zucc. 36.1 0.007
Ziziphus mucronata Willd. 22.2 0.04

<1% significance level is retained from the Monte Carlotest

be higher in degraded forests than in non-degraded one.
Previous studies have shown a correlation between site
degradation and their specific heterogeneity (Devineau et
al., 1997; Bangirinama et al, 2010). Thereby
DCAandbeta diversity results above were confirmed; the
wetlands sites located outside protected areas were more
degraded than those inside Pama reserve, regarding

plant communities’ composition and richness. Given the
Sahelian context where livestock and human pressure on
the wetlands are important (Natta, 2003; SP/CONEDD,
2010), unprotected wetlands forest degradation, is
essentially due to the anthropogenic effects (agriculture
and overgrazing). These disturbances cause a regressive
succession in plant communities (Do et al., 2011).
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Table 5: Means and standard deviation of structural parameters of wetlands shores plants

Parameters Non-protected
Protected area area

m std m std F P
Basal area (m2/ha) 23.38 5.07 10.95 1.91 F[1; 58] =6.85 0.01
Adult trees density
(individuals/ha) 498.75 322.76 546.94 394.19 F 158 =0.25 0.62
Seedling plants density
(individuals/ha) 4967 3477 6371 6197 F 1,03 =1.60 0.21

Probability values were derived from ANOVA on data of structure parameters
m:mean ; std: standard deviation
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Figure 5: Distribution of species richness per family in wetlands banks according to their
protection status
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Openings in the canopy can lead to the growth of the new
species that are more tolerant to light (Arimet al., 2006; Life Forms, Species Occurrence and Diagnostic
Barima et al.,, 2010).Grazing can increase species Species
richness by importing seeds of weeds or woody species
(Liehoun et al, 2006; Savadogo et al., 2007, Our results showed a dominance of Therophytes and

Bangirinama et al., 2010). widely distributed species (multi-regional African species,



Pantropical, Paleotropical, Afrotropical, Afro-Malagasy
and Cosmopolitan) in unprotected wetland banks while in
protected wetland banks, Phanerophytes and Sudanian
species were dominant. Previous results showed an
increase in annual species and wide distribution species
in case of site degradation (Fatunbi et al., 2008;
O’Connor et al., 2011). For Devineau et al. (1997), a high
proportion of species with wide distribution may be an
indication of degradation because the flora loses its
specificity. The Phanerophytes are normally adapted to
the least disturbed areas (Havyarimana et al., 2013).
Grazed areas are usually occupied byannualspecies
which succeed the perennials (Sawadogo et al., 2005;
César, 2005). Indeed, the large representation of Hyptis
suaveolens and Cassia obtusifolia, reflects the
importance of grazing in the unprotected wetland
riverbanks (Aboh et al., 2008).These biologicalindicators
suggest thatlivestockgrazing is the major causeof the
degradation of the unprotected wetland riverbank flora.
Furthermore, the presence of dry environments species
among diagnostic  species  (Balanitesaegyptiaca;
Dactylocteniumaegyptium; Ipomoea eriocarpa; Chloris
pilosa) suggests that wetland banks of study area provide
sanctuary for some endangered species (Devineau et al.,
1997; Ewango, 2001).

Regarding protected riverbank flora the Poaceae such
as Andropogon gayanus, Andropogon pseudapricus,
Andropogon tectorum; Rottboellia cochinchinensis, were
highly represented among indicators species. This
suggests that these sites are old fallows (Fournier et al.,
2001; Le Mire Pécheux et al.,2000). Le MirePécheux et
al. (2000) note that beyond 20 years, if the environment
is well preserved; the Andropogon spp. is replaced by
competition. Thereby, Andropogon spp. should not
normally be well represented in these protected wetlands
riverbanks. Their presence reflects a relative disturbance
of these sites. Furthermore, it is known that Sudanian
wetlands are characterized by common species such as
Mitragyna inermis (Willd.) O. Ktze., Vitex chrysocarpa
Planch. ExBenth. Acacia polyacantha wild.,
Cratevaadansonii D.C, Terminalia macroptera;
Hypparenia ruffa et Vetiveria nigritana. L (Fontes and
Guinko, 1995; Devineau et al., 1997; Savadogo et al.,
2007).The absence of these common species reflects a
relative degradation of the protected wetlands riverbank
flora. The dominant families of the woody stratum of
these sites were Leguminosae (22.62%) and
Combretaceae (15.48%). The Rubiaceae family is ranked
in 3rd position with 5.95% representation in protected
riverbanks plant communities. This result is different from
the one of Kaboré et al. (2013) and Sambaré et al. (2010)
who found in such wetlands vegetation that Rubiaceae
and Caesalpiniaceae families predominate because of
the permanent presence of moisture. The low
representation of Rubiaceae and Caesalpiniaceae
families in our study reflects the temporary nature of the
moisture in our sites. This can also be explained by the
difference in the sampling mode. Indeed, our study
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focuses on riparian vegetation of wetlands while the
authors cited above were interested in any riparian
vegetation (beds, depressions and banks). However, the
large representation of Leguminosae and Combretaceae
within protected wetland riverbank plant communities
reflects a degradation of these wet ecosystems which are
transformed gradually into savanna. Moreover,
Mbayngoneet al. (2008a) found that in Pama reserve
Combretacea family dominate savanna woody stratum.
Obviously wetlands riverbanks plants flora within
protected areas is better preserved than that of the
unprotected areas. However, signs of disturbances are
revealed through the loss of its specificity. So far
protected wetlands riverbanks plants communities
contained a larger number of accidental species than
unprotected wetlands riverbanks plants communities. That
meansthere aremanyuncommonspeciesinthe wetlands
riverbanks in the study area or new species are currently
living there. Our results are similar to Masharabu (2011)
who found that 73% of plant families of Ruvubu National
Park (Burundi) had less than 3 species and gallery
forests of this park contained 64% of accidental species.

Vegetation Structure

The basal area is the sum of cross-sections of trees in a
given plant communities. Our results show that protected
wetlands riverbanks plants communities had a recovery
twice larger than unprotected ones. These results confirm
that disturbance is higher inunprotected wetlands
riverbanks plants communities. Human pressure would
beat the origin of the structural differences in the plants
communities of these two sites. In the Sahelian context
characterized by water scarcity and poverty, the large
ecosystem services provided by these wetlands
accelerate their degradation (Natta, 2003; Savadogo et
al., 2007; SP/CONEDD, 2010; Kaboré et al., 2013).

Regarding adult tree density and individuals’
regeneration  density, there  was  nostatistical
differencebetween the two sites (P > 0.05). Like previous
authors (Ouédraogo, 2006; Kaboré et al., 2013), in study
area a difficulty for individuals of lower-height classes to
grow, is noticed. This reveals that individuals from 0 cm
to 50 cm regeneration classes are subject to
disturbances which result in reduced recruitment rates.
This situation can jeopardize the relatively good
distribution of trees. Furthermore, the standard deviation
was very high, indicating that the spatial distribution of
juveniles was very disproportionate around the wetlands
banks of the study area. Savadogo et al. (2007) explain
the difficulties of regeneration in the non-protected
wetlands banks stands by animals grazing and trampling.
This finding can then extend to the activity of wild
herbivores on individuals regeneration within protected
wetlands banks (Gandiwa et al., 2011; Giliba et al., 2011).
Moreover, inter-specific competition may disadvantage
germination or growth of other species. Forest disturbance,
characterized
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by a forest canopy opening up, led to an increase of light-
tolerant species (light demanding species) and their
richness in degraded forests. Indeed, the high density of
the dominant species in gallery forests, coupled with the
shading effect disadvantage certain species which
juveniles may face difficulties to grow (Bokary et al.,
2004; Barima et al., 2012). Besides, more or less
prolonged flooding would be a constraint to other species
(Sambaré et al., 2010).

According to Rondeux (1999), the distribution of stems
per size category is an expression of stand structure. Our
results show that wetlands banks woody plants located in
both types of sites were characterized by multi-species,
with different ages and a predominance of young
individuals or small diameter. These findings are similar
to those of Sambaré et al. (2011) and Kaboré et al.
(2013) who also reported the structure in “‘reversed J™
and a shape parameter of Weibull ¢ < 1. In general, the
prevalence of young individuals of woody species is an
indication of a secondary forest caused by processes of
natural or human disturbances of the original forest (Chok
kalingam and DeJdong, 2001).The woody plants
communities of both types of wetlands were young with
considerable mortality of younger individuals. The
difficulty concerning recruitment from lower size classes
to those above can eventually lead to the aging of the
stands. Dossou et al. (2012) found a similar situation in
the Agonvé swamp forest stands in Benin, where the
presence of small diameter individuals cannot be
interpreted as a good state of conservation of woody
community species because of the particular pressure on
certain species. Other environmental factors (soil,
geomorphology, disturbance of particular species of
these environments and their vulnerability at certain
stages of their development) could affect our results
particularly as our samples relate to wetlands of various
characteristics.

CONCLUSIONAND RECOMMENDATION

Unprotected wetlands sites were more degraded than
protected ones. Degraded riverbanks plants communities
are characterized by lower basal area of trees, a greater
specific heterogeneity, increasing of dry ecological
environments species and grazing indicator species,
increasing of Therophytes and large distribution species.
Both sites had a relative good tree diameter structure.
Protected wetlands riverbanks plants flora is better
preserved but it is losing its specificity. Thisis
evidencedbyseedlings’growing difficulties, the increasing
number of accidental species and the low representation
of characteristic wetland species (Rubiaceae and
Ceasalpiniacea families) in its flora.

Management strategies should pay attention to the
species communities by taking into account wetlands
riverbanks seedling protection and following up the
natural stand patterns of these wet ecosystems.

ACKNOWLEDGEMENTS

We acknowledge financial support from UNDESERT -
Understanding and Combating Desertification to Mitigate
its Impact on Ecosystem Services (EU-FP7 no. 243906).
We thank Pama Faunal Reserve Guards for their
assistance and cooperation. We are grateful to Niada
Idrissa, Zan Ericand Kaboré Norbert for their help during
the field survey.

REFERENCES

Aboh BA, Houinato M, Oumorou M, Sinsin B (2008). Capacités
envahissantes de deux espéces exotiques, Chromolaena odorata
(Asteraceae) et Hyptis suaveolens (Lamiaceae), en relation avec
I'exploitation des terres de la région de Bétécoucou (Bénin). Belgium
Journal of Botany ,141: 113-128.

Arim M, Abades SR, Neill PE, Lima M, Marquet PA (2006). Spread
dynamics of invasive species. Proc Natl Acad Sci US. 103(2): 374-
378.

Assogbadjo AE, Sinsin B (2002). Diversité des primates de la forét
marécageuse de Lokoli et élaboration de stratégies pour leur
conservation durable. Proceeding of the international workshop on
Mammalogy REVZZ Benin, pp. 132-142.

Bangirinama F, Bigendako MJ, Lejoly J, Noret N, De Nanniére C,
Bogaert J (2010). Les indicateurs de la dynamique post-culturale de
la végétation des jachéres dans la partie savane de la réserve
naturelle forestiere de Kigwena (Burundi). Plant Ecology and
Evolution, 143: 138-147.

Barima SSY, Angaman MD, De Canniere C, Bogaert J (2012). Influence
of forest degradation on tree diversity in a forest-savannah transition
in Eastern Ivory Coast. International Journal of Biological and
Chemical Sciences, 6(4): 1467-1479.

Barima SSY, Barbier N, Ouattara B, Bogaert J (2010). Relation entre la
composition floristique et des indicateurs de la fragmentation du
paysage dans une région de transition forét-savane ivoirienne.
Biotechnology Agronomy Society and Environement, 14(4): 617-625.

Belem OM (2001). Diversité floristique de deux foréts galeries de la
Réserve de la Biosphére de la Mare aux Hippopotames (Burkina
Faso, Afrique de I'Ouest). Systematics and Geography of Plants, 71:
797-806.

Belem OM (2008). Les galeries forestieres de la Réserve de la
Biosphére de la Mare aux Hippopotames du Burkina Faso:
caractéristiques, dynamique et ethnobotanique. Thése de doctorat
d’état, université de Ouagadougou, Pp 279.

Bokary A K, Bouvet J M, Picard N (2004). Size class distribution and
spatial pattern of Vitelaria paradoxa in relation to farmers, pactices in
Mali.Agroforestry systems, 60: 3-11.

Boukpessi T (2003). Les pratiques endogenes de gestion et de
conservation de la biodiversité : cas des bois sacrés du centre Togo.
Mémoire de maitrise, université de Lomé, 104 p.

Bouxin G (2008). Analyse statistique des données de végétation: Les
techniques d'analyse factorielle et d'ordination [en ligne]:
http://usersskynetbe/BouxinGuy/ASDV /ASDVhtm.

Braun-Blanquet J (1932). Plant sociology The study of plant
communities. Ed Mac Graw Hill, New York, London, Pp 439.

César J (2005). L’évaluation des ressources fourragéres naturelles.
Production fourragére tropicale, Document de synthése. Fiche n° 17,
CIRDES, CIRAD, Pp12.

Chokkalingam U, Dejong W (2001). Secondary forest: a working
definition and typology. International forestry review, 3(1):19-26.

Chytry M, Tichy L, Holt J, Botta-Dukat Z (2002).Determination of
diagnostic species with statical fidelity measures. Journal of
Vegetation Science, 13: 79-90.

Da S (2006). Etude de la végétation de la forét classée de Gonsé (Zone
Nord soudanienne du Burkina Faso).Mémoire de DEA, Université de
Ouagadougou, Pp79.

Dajoz R (2006). Précis d’Ecologie8éme Edition. Dunod Paris, Pp 630.



http://users.skynet.be/Bouxin.Guy/ASDV

Dan C (2009). Etudes écologique, floristique, phytosociologique et
ethnobotanique de la forét marécageuse de Lokoli. Thése de
doctorat Université Libre de Bruxelles, Belgique, Pp 260.

Devineau JL, Fournier A, Kaloga B (1997). Les sols et la végétation de
la région de Bondoukuy, Sud-ouest burkinabé Présentation
générale et cartographie préliminaire par télédétection satellitaire
(SPOT).Editions de TORSTOM.

Do TV, Osawa A, Thang NT, Van NB, Hang BT, Khanh CQ, Thao et LT,
Tuan DX (2011). Population changes of early successional forest
species after shifting cultivation in northwestern Vietnam. New
Forest, 41(2): 247-262.

Dossou ME, Lougbégnon OT, Houessou GL, Teka SO, Tente AHB
(2012). Caractérisation  phytoécologique et structural des
groupements végétaux de la forét marécageuse d’Agonvé et des
milieux connexes au Sud-Bénin. Journal of Applied Biosciences, 53:
3821-3830.

Dufréne M, Legendre P (1997). Species Assemblages and Indicator
Species: The Need for a Flexible AsymetricalApproch.
EcologicalMonograph, 67: 345-366.

Ewango CEN (2001). Flore et végétation de la forét naturelle de
Nyungwe, Rwanda. Systematics and Geography of Plants, 71: 1009-
1015.

Fatunbi A O, Dube S (2008). Land degradation evaluation in a game
reserve in Eastern Cape of South Africa: Soil properties and
vegetation cover. Scientific Research and Essay, 3 (3):111-119.

Fontes J, Guinko S (1995). Carte de la végétation et de I'occupation
des sols du Burkina Faso Notice explicative, Ministere de la
coopération frangaise, projet Campus, Toulouse, Pp 68.

Fournier A, Floret CH, Gnahoua GM (2001). Végétation des jacheres et
succession post-culturale In Floret Ch, Pontanier R (eds): La jachére
en Afrigue tropicale. John Libbey Eurotext, Paris, Pp 123-168.

Gandiwa E, Magwati T, Zisadza P, Chinuwo T, Tafangenyasha C
(2011). The impact of African elephants on Acacia tortilis woodland in
northern Gonarezhou National Park, Zimbabwe.Journal of Arid
Environments, 75 (2011) 809-814.

Giliba RA, Boon EK, Kayombo CJ, Musamba EB, Kashindye AM,
Shayo PF (2011). Species Composition, Richness and Diversity in
Miombo Woodland of Bereku Forest Reserve, Tanzania.Journal of
Biodiversity, 2(1):1-7.

Hahn-Hadjali K (1998). Les groupements végétaux des savanes du
sud-est du Burkina Faso (Afrique de I'Ouest). Etudes sur la flore et la
végétation du Burkina Faso et des pays avoisinants, 3: 3-79.

Havyarimana F, Bigendako MJ, Masharabu T, Bangirinama F, Lejoly J,
Barima YSS, De Canniere C, Bogaert J (2013). Diversité et
distribution d’abondances des plantes d’un écosysteme protégé dans
un paysage anthropisé: cas de la Réserve Naturelle Forestiére de
Bururi, Burundi. Tropicultura, 31 (1) 28-35.

Kaboré E, Sambaré O, Ouédraogo A, Thiombiano A (2013) Diversité et
structure des cordons ripicoles le long de la Sirba (Nord-Est du
Burkina Faso). International Journal of Biological and Chemical
Sciences, 7(5): 1929-1950.

Le Mire-Pécheux L, Fournier A, Dugast, S (2000). Andropogon gayanus
et artificialisation (savane soudanienne) In Gillon Y, Chaboud C,
Boutrais J, Mullon C (eds) : Du bon usage des ressources
renouvelables. Paris, Editions de I'IRD, Pp: 89-107.

Liehoun BE, César PD (2006). Biodiversity and Pasture Vegetation in
Burkina Faso.Revue Elev Médvét Pays trop, 2006, 59 (1-4) : 31-38.
Liu B, Zhao W, Wen Z, Teng J, Li X (2009). Floristic characteristics and
biodiversity  patterns in  the Baishuijiang River  Basin,

China.Environmental Management, 44:73-83.

Masharabu T (2011). Flore et végétation du Parc National de la Ruvubu
au Burundi: diversité, structure et implications pour la conservation.
These de doctorat, Université Libre de Bruxelles, Pp 247.

Mbayngone E, T hiombiano A, Hahn-Hadjali K, Guinko S (2008b)
Structure des ligneux des formations végétales de la Réserve de
Pama (Sud-Est du Burkina Faso, Afrique de I'Ouest). Flora et
Vegetatio Sudano- Sambesica, 11: 25-34.

Mbayngone E, Thiombiano A, Hahn-Hadjali K, Guinko S (2008a).
Caractéristiques écologiques de la végétation ligneuse du sud-est du
Burkina Faso (Afrique de I'Ouest) : Le cas de la réserve de Pama.
Candollea, 63(1): 17-33.

Soulama et al. 093

Naiman RJ, Bechtold JS, Timothy J, Beechie TJ, Latterell JJ, Pelt RV
(2010). A Process-Based View of Floodplain Forest Patterns in
Coastal River Valleys of the Pacific Northwest.Ecosystems, 13: 1-31.

Naiman RJ, Latterell JJ, Pettit NE, Olden JD (2008). Flow variability and
the biophysical Vvitality of river systems. Comptes rendus
Geosciences, 340: 629-643.

Natta AK (2003) Ecological assesment of riparian forests in Benin:
phytodiversity, phytosociology and spatial distribution of trees species
PhD Thesis, Wageningen University, Netherlands, Pp 213.

O'Connor TG, Martindale G, Morris CD, Short A, Witkowsl EdTF, Scott-
Shaw R (2011). Influence of Grazing Management on Plant Diversity
of Highland Sourveld Grassland, KwaZulu-Natal, South
Africa.Rangeland Ecology& Management, 64: 196-207.

Ouédraogo A (2006) Diversité et dynamique de la végétation ligneuse
de la partie orientale du Burkina Faso. These de doctorat unique,
Univiversité de Ouagadougou, Pp195.

PRIPODE, 2006. Programme International de Recherche sur les
Interactions entre la  Population, le Développement et
'Environnement. Mobilité spatiale de la population: Nécessité de
développement et risques de dégradation de I'environnement dans
I'Est et le Sud-Ouest du Burkina Faso. Pp 57.

Pueyo Y, Alados CL, Ferrer-Benimeli C (2006). Is the analysis of plant
community structure better than common species-diversity indices for
assessing the effect of livestock grazing on a mediteranean arid
ecosystem? Journal of Arid Environments, 64: 698-712.

Ramsar (2013). Le manuel de la Convention de Ramsar,
édition.http://wwwramsarorg/sites/default/files/documents/library/man
ual6-2013-frpdf

Rondeux J (1999). La mesure des peuplements forestiers. Presses
agronomiques de Gembloux, Pp 522.

Sally, L.; Kouda, M.; Beaumond, N. (1994). Zones humides du Burkina
Faso: Compte rendu d'un seminaire sur les zones humides du
Burkina Faso. Gland, Switzerland: UICN. viii, Pp 292.

Sambaré O, Bognounou F, Wittig R, Thiombiano A (2011). Woody
species composition, diversity and structure of riparian forests of four
watercourses types in Burkina Faso .Journal of Forestry Research,
22(2): 145-158.

Sambaré O, Ouédraogo O, Wittig R, Thiombiano A (2010) Diversité et
écologie des groupements ligneux des cordons ripicoles du Burkina
Faso (Afrique de I'Ouest). International Journal of Biological and
Chemical Sciences, 4(5): 1782-1800.

Savadogo P, Tigabu M, Sawadogo L, Odén PC (2007). Woody species
composition, structure and diversity of vegetation patches of a
Sudanian savanna in Burkina Faso.Bois et Foréts des Tropiques,
294(4): 5-20.

Savadogo S, Ouédraogo A, Thiombiano A (2013). Perceptions, mode
de gestion et végétation des bois sacrés au nord du Burkina Faso.
Flora et Vegetation Sudano-Sambesica, 13 (2) :10-21.

Sawadogo L, Tiveau D, Nygéard R (2005). Influence of selective tree
cutting, livestock and prescribed fire on herbaceous biomass in the
savannah woodlands of Burkina Faso, West Africa. Agriculture,
Ecosystems and Environment, 105: 335-345.

Sokpon N, Agbo V (1999). Sacred groves as tools for indigenous forest
management in Benin.Annales des Sciences
AgronomiquesUniviversitéNationale du Bénin, (1) : 162 -175.

Soulama S, Kadeba A, Nacoulma MIB, Traoré S, Bachmann Y,
Thiombiano A. (2015). Impact des activités anthropiques sur la
dynamique de la végétation de la réserve partielle de faune de Pama
et de ses périphéries (sud-est du Burkina Faso) dans un contexte de
variabilité climatique. Journal of Applied Biosciences, (87) 8047-
8064.

SP/CONEDD (2010). Troisieme rapport sur I'état de I'environnement au
Burkina Faso, Pp 263.

Wetlands International (2003). Stratégie régionale en Education et
Sensibilisation du Public sur les Zones humides. Wetlands
International ISBN 910 5882-9677
http://wwwramsarorg/sites/default/files/documents/library/outreach_a
ctionplan_westafricapdf

Willner W, Tichy L, Chytry M (2009). Effects of different fidelity
measures and contexts on the determination of diagnostic
species.Journal of  Vegetation Science, 20: 130-137.

6éme



http://www.ramsar.org/sites/default/files/documents/library/manual6-2013-fr.pdf
http://www.ramsar.org/sites/default/files/documents/library/manual6-2013-fr.pdf
http://www.ramsar.org/sites/default/files/documents/library/manual6-2013-fr.pdf
http://www.ramsar.org/sites/default/files/documents/library/outreach_actionplan_westafrica.pdf
http://www.ramsar.org/sites/default/files/documents/library/outreach_actionplan_westafrica.pdf

