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Abstract: This study aims at characterizing the flora of Adakplamé sacred grove in Benin. To do this, a floristic inventory was
conducted in 40 square plots of 1000m 2 size. Structural parameters including trees density, average diameter, basal area, bole height,
total height, height of Lorey and density of regeneration were estimated. The allometric height-diameter relationship and diameter size
classes’ distribution were established. The non-metric multidimensional positioning to individualize plant communities. We recorded 32
plant species belongingto 20 botanical families. Two plant communities were individualized: the semi-deciduous dense forest
represented by Ceiba pentandra and Mansonia altissima and the one to Ricinodendron heudelotii and Triplochiton scleroxylon. The
specific richness for the two communities was respectively 23 and 30 species considering adult individuals (dbh >10 c¢m). Shannon
index value for the two plant communities was respectively about 3.81 and 3.34 bits. Pielou evenness was respectively of 0.74 and 0.78.
This forest was characterized by Guineo-Congolese (43.75%) and Guinean (34.38%) species. The phanerophytes and zoochory were
respectively the major of biological types and dissemination mode of diaspores. Blackman index was greater than 1 for all vegetal
communities translating an aggregate distribution of individuals. The density of natural regeneration was on average 1475 stems/ha.
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1. Introduction

Since the summit of Rio de Janeiro in 1992, the international
opinion has increasingly gained awareness about the
preservation of planetary biodiversity. Indeed, the
biodiversity offersto human the choice between current
advantages of various forms of life and future options related
to the various mutation capacity and organisms’ adaptation
[1]. The measurement of diversity is decisive for ecological
researches and diversity conservation [2]. Unfortunately,
forest diversity is increasingly being degraded throughout the
world [3]. Each decade, 0, 1% of the world plant species
disappear [4]. The causes of diversity loss are multiple and
may include changes of the climate [5]; ecological factors
[6]; over-exploitation of biological resources [7] and land
use. At country scale, anthropogenic pressures on natural
resources in general and forest in particular become more and
more intense because of population increase and ineffective
management of forest resources. Surprisingly, sacred groves
that were potentially known as biodiversity conservation
reserves are now undergoing severe human pressure. This is
case the case of Adakplamé sacred grove located at the
south-east of Benin in the political district of Kétou. This
sacred grove is a natural vestige restricted to certain families
of plants which better characterize Benin wet dense forests
made up of small islands. It’s covered a surface of 507 ha in
1987 and 364 ha in 2007 [8]. In such degradation context,
there is urgent need to appreciate the floristic potential of this
natural forest in order to gain awareness about its sustainable
management. This study has specifically characterized
Adakplamé sacred grove plant communities and analyzed the
potential of regeneration. This study will provide prerequisite
data for establishing sustainable participative management

approaches for the wellbeing of the future generations.

2. Literature Survey

The present study was conducted in the district of Kétou,
department of Plateau in the south east of Benin. The district
of Kétou is located between the latitudes 7°10' and 7°41' 17”
North and longitudes 2°24' 24” and 2°47' 40” East [9]
(INSAE/RGPH3, 2002). It covers a land surface of 1,775 km
2 and comprises six (06) localities [9]. This study was
precisely conducted in the sacred grove of Adakplame
(Figure 1). A part of this forest is occupied by
agglomerations representing the southern limit [10]. The
center of the forest is occupied by Adakplameé village. The
forest is bordered in its northern part by a great depression
made up of croplands. At the eastern part, it is surrounded by
a vast area of cropland crossed by the Ewe-Dogo road. The
sacred grove covered less than 400ha of surface.
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Figure 1: Localization of Adapklamé sacred grove in Benin

3. Methods / Approach
3.1 Data collection

A floristic inventory was carried out in square plots of 1000
m 2 (50 m X 20 m) size. The number of plots to be
established was estimated based on the theorical formula of
[11].

A= EF:tf_E_,.:,-’d: 1)
Where CV is the coefficient of variation of trees basal area.
CV was calculated based on a preliminary inventory and
equals to 18.12; t%,.» denotes the critical value of student t
distribution which converges towards the normal distribution
for large samples (>30) and equals to 1.96 at the threshold of
5%. The parameter D is the margin of error related to any
parameter estimation. For this study D equals to 4%. On the
whole, 40 square plots were established in the forest taking
into account its floristic homogeneity. On each tree, we
measured the diameter at breast height (dbh) and the total
height. Individuals of dbh lower than 10 cm were counted in
each plot and were considered as the natural regeneration.

3.2 Data analysis

A matrix of p rows (each row affected to plot) and n columns
(each column affected to species) was designed on the basis
of species presence/absence within the plots and thus
subjected to a non-metric multidimensional positioning
(Non-metric ~ Multi-Dimensional ~ Scaling, NMDS) to
individualize the various plants communities. An analysis of
indicator species (Indicator species analysis) was carried out
to identify species that better represent each plant
community. Metrics of floristic diversity such as the specific
richness, Shannon diversity index of and Pielou evenness

were estimated and compared between plants communities.

3.2.1. Floristic diversity
The number of families and species was determined. We
estimated Shannon (1949) diversity index (H) using the

following formula:
H=- Z ilog, pi
priog, @)

Where pi = Ni/N; Ni is the number of the species i within the
plots; N is the total number of species within the plots and pi
is the occurrence probability of a species within the plots. H
varies from 0 to 5 bits and is minimal (H = 0) at plot level if
all the individuals within the plot belong to one species and is
maximum when all the individuals are equally distributed
across all the species [12].Diversity is low when H < 3 bits;
average if H lies between 3 and 4 bits; Then high when H > 4
bits.

Pielou evenness (EQ) was determined using the following
formula:

EQ= HfrlugzN ©)

In this formula, N is the total number of species. EQ varies
from 0 (community represented by one species) to 1 (all the
species have the same importance). Pielou evenness is very
useful to compare potential predominance between sites or
dates of sampling [12].

3.2.2. Determination of structural parameters

Structural parameters including trees density, diameter of
trees with average basal area, and the average height of Lorey
were estimated.

Structural Formula Formula references
parameters
Trees density n is the total
(N) jy — mxioo000 number of species
= (4) recorded within the
plot, S is the plot
size.
Diameter of . Where n is the
treeswith |Dg = |1/n z?:j_ d; total number of trees
average basal N () | within all the plots
area and di is the diameter

of a given tree.
Where di is the
diameter of trees

IAverage basal
area (m#/ha)

G = /400005 X7, d]

©) within the plots; and
S=0.1ha
Height of Where gi is given
Lorey (m) |Hy = EE‘th}i [-I[,-’EE‘th}[ by &1 = {Hfil‘}[l[zl
U] gi is tree basal area
and hi is the tree total
height

Blackman IE = 513._ /N ® N and Sy? are

index (To respectively the
analyze the average density and
spatial the variance of trees

structure of
populations)

density within plants
communities

3.2.3. Diameter and height size classes distribution
Diameter and height size classes distribution were adjusted
using Weibull 3 parameters distribution. This distribution is
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prominent in the forest literature due to its great flexibility.
Its function of density of probability is given by the following

formula [13]. a
F&) = e/b(——) " exp [~ ((x — a) /6] o)

Where X is tree diameter; a is the position parameter; a is null
if all trees stages are considered; it is different from zero if
the dbh > a. in the present study, a equals to 10 cm for dbh
structure and equals to 5 m for height structures. B is the
scale parameter and ¢ the shape parameter. Parameters b and
c where estimated based on the method of maximum
likelihood [14]. The log-linear analysis was carried out to
compare the observed dbh distribution to the theoretical
distribution of Weibull. This statistical method is more robust
than the traditional goodness-of-fit test of Pearson especially
in the case of low number of individuals per class.

T —

3.2.4. Allometric relation of growth: Total height -
Diameter to 1.3 m above ground
Height-diameter relationship is generally curvilinear and is
expressed by a power low function
¥ = aXb (10)

With Y the total height (m); Xthe dbh; a and b are the
coefficient of the allometric equation. This relation is a good
indicator to describe species growth ecological conditions. Its
linear form is given by

log(H) = logla) + b x logX (11)
4. Results/Discussion
4.1 Results

4.1.11Individualization of plant communities

The NMDS showed two groups of communities in the
factorial map (Figure 2). The group 1 consisted of plots
established in the dense forest and group 2 consisted of plots
established in opened forests. The axis 2 represents the
gradient of increasing vegetation cover (from opened forests
towards the typical dense forest). By contrast Axis 1
represents the gradient of decreasing vegetation cover (from
dense to less dense forests). Species that better characterize
Group 1 community were: Ceiba pentandra (L.) and
Mansonia altissima (A.Chev). The second plant community
(Group 2) was better characterized by Ricinodendron
heudelotii (Baill.) and Triplochiton scleroxylon (K.Schum)
(Table 1).

4.1.2 Floristic diversity and structural characterization of
individualized communities

a) Community of Ceiba pentandra and Mansonia altissima

¢ Floristic composition and specific diversity

A total of 30 species (dbh > 10) were recorded. The number
of species varies from one plot to another. The Shannon
diversity index (ISH) was 3.81 bits with the Pielou evenness
of 0.78. The density of regeneration was 1325 trees/ha.

o Family diversity and spatial structure
Nineteen (19) botanical families were recorded in this
community. The most represented were the Malvaceae

(16.67%) then come Rubiaceae (10%) and Moraceae (10%).
The Blackman index (I1B) was greater than 1 (1.67).

o Density and diameter size classes distribution

The total density of the community was 364 trees/ha. The
distribution was left skew (negative asymmetric) with a shape
parameter varying between 1 and 3.6 (1.22). The distribution
curve was characteristic of monospecific communities with
the dominance of smaller individuals of diameter lower
than 35 cm (Figure 2).
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Figure 2: Diameter size classes’ distribution adjusted to
three parameter Weibull

¢ Allometric height-dbh relationship
The allometric relationship of this community was well
adjusted by a linear function (R2 adjusted = 0.4656; n=948).

3 & Ln (Ht) = 0,4687Ln {dbh) + 0,817
R? = 46,56 %
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Figure 3: Allometric height-dbh relationship adjusted by a
linear function

o Biological type and dissemination mode

With regard to the biological types, the phanerophytes were
most represented in this community with a strong
contribution of Macrophanerophytes and
Microphanerophytes which account respectively for 46.67%
and 40%.The dominant phytogeographical types were the
Guinean (30%), Guineo-Congoleses (50%) and Soudano-
Zambesian (13.33%). Regarding the dissemination mode, this
community was largely dominated by Sarcochores (78.79%).
Zoochory thus is the principal mode of diaspores
dissemination in this community.
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b) Community of Ricinodendron heudelotii and Triplochiton scleroxylon

¢ Floristic composition and specific diversity

The specific richness of individuals of dbh>10 was 23 species. Shannon diversity index was 3.37 bits with a Piclou evenness

value of 0.74.
Table 1: Community indicator species
Community Species or group of species A B Val Ind Probability

Group 1 Ceiba pentandra+Mansonia altissima 0.89 0.72 0.80 0.00***
Mansonia altissima 0.75 0.84 0.80 0.00***

Nesogordonia kabingaensis+Ceiba pentandra 0.88 0.68 0.77 0.01**

Ceiba pentandra+Pterocarpus santalinoides 0.88 0.68 0.77 0.00**

Group 2 Ricinodendron heudelotii+Rinorea dentata 0.89 0.28 0.506 0.03*
Ricinodendron heudelotii 0.72 0.91 0.81 0.00**

Ricinodendron heudelotii+Triplochiton scleroxylon 0.67 0.91 0.78 0.01**

Celtis mildbraedii 0.67 0.82 0.74 0.03*
A= Specificity, is the probability that the studied site belong 160 ——
to the target site group considering the recorded species. B= Echele 1897
C v s . . - 140 4 Seuil 10
Fidelity, is the probability of species occurrence within plots. N %7

Val Ind: indicator value. * 5%; ** 1 %; *** 0.1%.

o Family diversity and spatial structure

This community is made up of woody species belonging to
16 botanical families. The Malvaceae were the most
represented (17.39%) then followed Rubiaceae (13.04%) and
Euphorbiaceae (13.04%). The Blackman index of dispersion
(I1B) was also greater than 1 (1.14).

o Density and diameter size classes distribution

The total density of the community was 367 trees/ha. The
distribution was left skew (left asymmetry) with a shape
parameter varying between 1 and 3.6 (1.24). The distribution
curve is characteristic of monospecific communities with the
predominance of individuals of diameter ranging between 10
cm and 40 cm and the relative predominance of the first class
(10 cm <d <20 cm) (Figure 4).
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Figure 4: Diameter size classes’ distribution adjusted to

Weibull three parameters

The basal area was significantly greater in the second group
of plant community than in the first group (p<0.01, Table 2)

Table 2: Dendrometric characteristics of individualized groups

Dense semi-deciduous forest of Dense semi-deciduous forest of
Mansonia altissima and Ceiba Ricinodendron heudelotii and
Parametres pentandra Triplochiton scleroxylon Prob
average average

Density (m?/ha) 364.62 367 0,926
Lorey height (m) 13.87 13.19 0,374
Average diameter (cm) 28.55 26.74 0,138
Basal area (m?/ha) 1.22 2.79 0,000

o Allometric height-dbh relationship

The allometric relationship of this community was well
adjusted (R? adjusted = 0.483; n=367) by a linear function:
Ln (HT) = 0,492Ln (dbh) + 0.729 (Figure 5)

el Y =0,492x+0,729
3,0 R =48,3%

Ln (#t)

tn (dbh) '
Figure 5: Height-dbh allometric relationship

e Biological type and dissemination mode

Considering the biological types, the phanerophytes were the
most represented type in this community with a strong
contribution of Macrophanerophytes and
Microphanerophytes which account respectively for 45.83%
and 37.50%. Macrophanerophytes and understory
Phanerophytes were relatively represented with respective
contribution of 6.21% and 5.53%.

The most represented phytogeographical types were the
Guinean and Guineo-Congoleses (56.52%) Regarding seed
dissemination mode, this community was largely dominated
by Sarcochores (82.61%). Zoochory thus is the principal
mode of diaspores dissemination in this community.
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4.2 Discussion

In this study thirty-four (34) woody plant species belonging
to eighteen (18) botanical families were recorded in the
sacred grove of Adakplame. This relative low number of
families would be due to human activities developed by the
surrounding local populations. However, this forest is too old
due to the considerable presence of understory and wind
fallen woods as well.

Concerning the number of species, species richness of
Adakplamé was very low compared to the one found by [15]
in the natural sacred grove of Pobg, [16] in the sacred grove
of Allada, [17] in the sacred grove of Ouémé region, [18] in
the classified forest of Lama, [19] in the sacred grove of Adja
plateau. Netherless, the presence of a species in a given
environment heavily depends on its affinity with the existing
mesological conditions, its capacity to compete with other
species and the possibility of its diaspores to attain the
medium stage of development [20].

The specific richness in this study was lower in Adakplamé
sacred grove. This difference may be explained by
anthropogenic pressures exerted by the surrounding local
populations. It may also be related the difference of sampling
scheme between both studies. In term of diversity, the sacred
grove of Adakplamé was well diversified with three most
important families including the Malvaceae (5 species),
Rubiaceae (3 species) and Moraceae (3 species). This is not
surprising since vegetal formations of the Dahomey gap are
represented by Malvaceae, Rubiaceae and Moraceae
families. The relative high diversity in this sacred grove is
reflected by the important values of Shannon index (between
3.37 and 3.81bits) and Pielou evenness (between 0.78 and
0.74). The important values of Pielou evenness means
species shares approximately the same number of individuals
in both communities. Similar findings were observed by [17]
and [19] in neighboring sacred groves. Shannon index and
Pielou evenness values found in this study are close to those
observed by [19] and [18]. Following the biological type,
phanerophytes were the most represented in Adakplamé
sacred grove. This trend matches with the general tendency
suggesting that tropical forests are dominated by
phanerophytes [21], [15], and [16]. The predominance of
phanerophytes in tropical forests is due to their persistent
buds which allow them to adapt to rainfall seasonality [22].
Regarding the phytogeographical type, Guineo-Congolese
species were most represented (43.75%) in our study area.
This finding matches with those obtained by [15], [16], [17]
and [21]. The predominance of Guineo-Congolese species
may be explained by the Dahomey-Gap corridor which limits
Guineo-Congolese species to the south of Benin [15].

As for dissemination mode, our study area is largely
dominated by sarcochores (78.79%) meaning zoochory is the
principal mode of diaspores dissemination. This observation
is common to all of the country sacred [23]; [15]; [16]; [17];
[19]. The Blackman index for the two communities was
greater than 1 indicating an aggregative distribution of
individuals which was also observed by [19]. Further, [16]
stressed that aggregative distribution is strongly related to the
mode of seeds dissemination which is mostly zoochory and

also to species temperament. However random distribution
was observed in other cases of study.

Trees density in our study area ranged from 364 tiges/ha to
367 tiges/ha. Similar values of density were observed in other
neighboring sacred groves [15] - [17]. These values of
density are higher than those found by [19] respectively in
the neighboring sacred groves of Agonlin and Adja plateau.
The important value of regeneration density in this study
good news about the future state of our studied sacred grove
in the absence of human disturbance. These values of density
are relatively lower compared to those of [15] and [17] south
Benin sacred groves.

5. Conclusion

The sacred grove of Adakplamé is characterized by two
groups of plant communities including the semi-deciduous
dense forest represented by Ceiba pentandra and Mansonia
altissima and the semi-deciduous dense forest represented by
Ricinodendron heudelotii and Triplochiton scleroxylon. The
specific richness for both plant communities was respectively
23 and 30 species. The value of Shannon index was about
3.81 and 3.34 bits and the one of Pielou evenness was in
average 0.76 suggesting the high diversity of the studied
sacred grove. With regard to botanical family diversity,
twenties families were recorded and the most represented
were Malvaceae, Rubiaceae and Moraceae. Guineo-
Congolese species accounted much for biological type
followed by Guinean ones and Sudanian. The principal mode
of seed dissemination is the zoochory. The cumulative basal
area for the two communities were respectively 31.85 and
27.98 m ¢/ha. We found a relatively higher trees density of
364 and 367 trees/ha indicating the maturity degree of
secondary forests. The density of natural regeneration was in
average 1475 trees/ha. The mean diameter was about 28.25
and 26.76 cm translating the predominance of medium size
species. This study revealed that Adakplame sacred grove is
still well diversified but trees with larger diameter are
increasingly being disappeared. Based on our findings, we
recommend the enhancement of traditional method of
conservation for the sacred grove sustainable management.
Barriers should be set to avoid wildfires and illegal logging
and agricultural extension.

6. Future Scope

This study conducted in the sacred forest of Adakplame has
for limit, the taking into account of ligneous only. The
phytosociological records would have been better following
the [24] method with registration of plant species by stratum
with their abundance-dominance coefficient. Thus, the
herbaceous layer was not taken into account in this study. For
further research, it would be important to take into account
all strata, to install permanent plots to follow the evolution of
this forest for a proposal of conservation measures.
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