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Abstract

Perennial plants are the main pollen and nectar sources for bees in the tropical areas where most of the annual flora
are burned in dry seasons. Therefore perennial plants constitute the most reliable bio materials for determining and
evaluating the beekeeping regions of the Republic of Benin. A silvo-melliferousregion (S-MR) is ageographical area
characterised by a particular set of homogenous melliferous plants that can produce timber. Using both the prevailing
climatic and the agro-ecological conditionssix S-MRs could be identified, i.e. the South region, the Common Central
region, the Central West region, the Central North region, the Middle North region and the Extreme North region.
At the country level, the melliferous plants were dominated by Vitellaria paradoxa which is common to all regions.
The most diversified family was the Caesalpiniaceae (12 species) followed by the Combretaceae (10 species) and
Combretum being the richest genus. The effect of dominance is particularly high in the South region where Elaeis
guineensis alone represented 72.6 % of the tree density and 140 % of the total plant importance. The total melliferous
plant density varied from 99.3 plants ha™! in the Common Central region to 178.0 plants ha™! in the Central West
region. On the basis of nectar and pollen source, the best region for beekeeping is the Central West region with 46.7 %
of nectar producing trees, 9.4% of pollen producing trees and 40.6 % of plants that issue both, this in opposition to
the South region which was characterised by an unbalanced distribution of melliferoustrees.

Keywords: apiculture, Apis mellifera, beekeeping potentiality, forestry, melliferous plants, non-timber product,
tropical, Republic of Benin, West Africa

Abbreviations 1 Introduction

S-MR: silvo-melliferous region The deep rel ationship between bees, climate and flora

UTM/WGS1984 zone 31N: Universal Transverse Mercator 9f any ecological areamakes the bees aimost an ecolog-
of the 31 northern meridian geographical coordinates ical factor at the same state as temperature, rainfall, hu-

midity and sunstroke with which they interact and cope

: (Shimanuki & Knox, 2000). The necessity for studying
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attribute of the ecological factors (Loreau et al., 2001).
However, very little is known on the particular function
of the melliferous plants and their distribution as a part
of the multi-functionality of the ecosystem (Amakpe,
2008).

Beekeeping is a very old activity carried out by hu-
mansto ensure livelihood. In poor countries such asthe
Republic of Benin, it is one of those rare niche activi-
ties that needs little investment, provides substantial in-
comesto local people and has at the same time positive
impacts on the global environment.

Apart from the prevailing climatic conditions, the
most important factor that determine the hive produc-
tivity in any ecological area, are the available floral re-
sources from which the bees collect the bulk of nectar,
pollen and propolis (Shimanuki & Knox, 2000). The
study of melliferous plants available to bees becomes
then the heart of decision making as far as the beekeep-
ing development is concerned in any socio-economic
area.

In dry tropical areas, most of the annual plants are
being burned during the dry season by recurrent bush
fires (Biaou, 2009). The main nutritional source for
bees during the dry season where the bees are more
active, is covered by perennial melliferous trees that
represent more than 40% of the total pollen collection
(Dongock et al., 2004). Thus, sustainable beekeeping in
these areas is an enterprise that mainly relies on peren-
nial trees. In the Republic of Benin where the savannah
zone reaches the Atlantic Ocean in the south and with
more than 87 % of the territory in the Sudanian zone
(Akoegninou, 2004), the dependence of the beekeeping
on the perennial melliferous trees is even more crucial.
We therefore decided to determine the distribution of
those trees at a nationwide level in order to categorize
the land based on its potential for beekeeping.

The vegetation, its structure and dynamics of the dif-
ferent stands from the coastal zone in the south till
the dry savannah in the north is well documented for
Benin (Sinsin, 1993). Moreover, in 2007 the Genera
Directorate of Forest and Natural Resources conducted
a countrywide forest survey and a database is available
on the different timber species. At the regional and in-
ternational levels, we could rely on excellent descriptive
works on tropical melliferous plants and the resources
they issue to bees (pollen, honey dew or nectar) (Adjare,
1990; Dongock et al., 2011). Althoughthereis plenty of
information on the vegetation in general, the knowledge
of the melliferous resources of the country is sparse and
limited at local or village levels (Yédomonhan et al.,

2012). Some institutions and projects conducted em-
piric inventories on the plants visited by bees in order
to set a beekeeping plan of selected areas but a nation-
wide study that categorizes the land based on its poten-
tial for the beekeeping sector is till lacking. This study
was aimed to fill this gap in order to improve the living
standards of the beekeepers by extending their working
field and to evaluate the underestimated honey produc-
tion function of trees beside the timber that is commonly
known for forestsin tropical areas.

2 Materialsand methods

2.1 Sudyarea

The study area is the entire Republic of Benin
(112,622km?) located in the so called “ Dahomean Gap”
where the savannah reaches the coast. The climate is
sub-tropical in the south till the paralel 7°10'N and
evolves progressively to the dry tropical climate in the
north, dividing the country in three main climatic ar-
eas (Akoegninou et al., 2006; ASECNA, 2012). From
the coast till the 7" parallel, stands the littoral and sub-
littoral climatic areawith 900 mm annual rainfall (in the
west) to 1400mm annual rainfall in the east. The tran-
sitional tropical humid zone stands from the 7" to the
9" parallel with 1200mm to 1300mm annual rainfall.
Above the 9™ parallel exists the dry tropical climate in
the north with one rainy season of 900mm to 1200 mm
annual rainfall.

The vegetation varies from the Guinean forest in the
south east to the semi-desert vegetation in the extreme
north. The diversity of the vegetation in the differ-
ent ecological area leads to 10 phyto-geographic dis-
tricts, each with a specific floristic composition (Ado-
mou, 2005).

2.2 Sampling and plots

The forest surveys were conducted from April 2010
to July 2011 on systematic fixed area plots established
al over the country at aregular distance of 15km. The
first point from which the other points were generated
was located in the south eastern extremity of the coun-
try as near as possible to the Nigerian southern border.
The Universal Transverse Mercator (UTM/WGS1984)
of the 31 northern meridian (zone 31N) geographical co-
ordinates of this first point were X = 465,000 east and
Y = 705,000 north.

The geographical coordinates of the other points

were automatically generated by the software “grille
d’ échantillonnage 1.5" of 22/08/02 developed by the
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Forestry Economy and Management Unit of the Faculty
of Agronomy Sciences of Gembloux, Belgium. On the
base of the shape of the country and itstotal area, athe-
oretic number of 507 plots were determined. However,
25 plots located at peaks of mountains were not reach-

tributed all over the country. The centre of each plot was
determined by its UTM/WGS1984 zone 31N geograph-
ical coordinates. The navigation for finding the different
plot centres was performed using a GPS (Garmin) with
0.7 m precision. The distribution of the survey plotswas

able. Thus, the surveys were conducted on 482 fixed illustrated on figure 1.
areacircular plots of 18 m radius (1017.3m? each) dis-
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Fig. 1: Distribution map of the survey plotsall over the country. Theinternational border was marked
by a black dotted line; departmental borders by black lines; perennial water by grey lines; survey plots
by grey circles. Intheleft corner you will find a map of West Africa with the Republic of Benin marked.
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2.3 Surveyed population and data collection

The surveyed population consisted of any perennial
plant that had a minimum Diameter at Breast Height
(DBH) of 10cm (DBH > 10cm) with the exception of
climbing plants and bamboos. For palm trees, only
those that had their stem free of leaves at a minimum
height of 1.3 m were counted and no diameter was mea-
sured from them. In this publication, we define as silvo-
melliferous plant, any live plant that is known to pro-
duce resources for the honey bee (melliferous plants)
and with a minimum DBH of 10cm (timber). Differ-
ent publicationsdealt already with the melliferousplants
identification in tropical areasand in Benin in particular
(Gadbin, 1980; Koudegnan et al., 2012; Dongock et al.,
2008, 2011; Adjare, 1990). We used these sources for
determining whether the found perennial plants were
melliferous plants or not. Depending on the two main
feeds they producefor bees, the melliferous plants were
then classified as follows: pollen source (P) for those
plantsthat mainly produce pollen; nectar sources(N) for
the pants that produce mainly nectar; nectar and pollen
sources (NP) for plants that produce the two sources of
feedsfor the bees.

In this survey, dead plants were not taken into account
as they have no nutritional value for the honey bees.
The accurate determination of the plant species was per-
formed by using the botanical works of Ern (1988) and
Akoegninou et al. (2006); and when required, by com-
paring the collected plant with the specimen available at
the National Herbarium of the Republic of Benin. The
different data collected at each plot were: [1] general
information on the plot such as the administrative loca
tion, the geographic coordinates, etc., [2] the number of
stems per species and [3] the DBH of each living tree or
stem with a diameter of more than 10cm.

2.4 Data processing

Statistical analysis was conducted with the Graph-
PAD PRISM® version 6.01 in order to perform the clas-
sification of the plots and their distribution in the gradi-
ent axis. The classification consisted in grouping the
survey plots in homogenate clusters based on the mel-
liferous plant species composition, the abundance and
the DBH. The distribution of the clusters in the gradi-
ent axis and their geographical projection in the country
helped to identify their determinant ecological factors.

Empty plots located on roads, tilled lands, houses,
rocky areas and in water plans, were excluded from the
classification analysis. The plots that had no mellifer-
ous plants were also excluded from the analyses which

were finally performed on 248 plots that bore at least
one melliferous plant.

The classification and ordination of the plotsin clus-
ters were performed by the Bray-Curtis similarity using
the nearest neighbour cluster method (Cottam & Curtis,
1956; Bray & Curtis, 1957). In order to reducetheinflu-
ence of species which had too high abundance in some
plots, we performed a Log10 transformation of the row
abundance values per plot before the Bray-Curtis simi-
larity value BCji was calculated (Jongman et al., 1995;
Legendre & Gallagher, 2001):

Zzip;l min(NiJ-, Nik)
2P (Njj + Nig)

In the equation (1) N;; is the Logl0 of the abundance
of the speciesi in the plot j; Nk is the Logl10 of the
abundance of the same speciesi in the plot k; ministhe
minimum of the two values; and the sum of the numera-
tor and denominatorsare for all the species encountered
in the two plots. The BCj, value was calculated per pair
of plotsin amatrix of 248 plotsx 248 plots and served
in automatically comparing the Euclidean distance be-
tween each pair of plots.

The primary clusters identified from the ordination
graph were projected on the shape file of the country
by ArcGis 9.02 to visualise their geographical distribu-
tion. The geographical area of concentration of each
cluster in the country map feature was used as a back-
ground for cutting a polygon that represented a particu-
lar silvo-melliferousregion, of which we determined the
area with the “Xtool Pro 4.0” functions of the ArcGIS
9.02.

The spectrum of the melliferous plants for each re-
gion was characterised by the diametric structure and by
the relative total plant importance (IP%) of melliferous
plantsin order to identify the leading melliferous plants
and the relative contribution of each species to the en-
tire melliferous potentiality of the region. The IP% of a
determined melliferous plant was calculated by the fol-
lowing equation (Cottam & Curtis, 1956):

M, LG

Ns
IP%=—"+ —
b NT+NP+ S

BCjk =

)
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In the eguation (2) ns is the number of stems of the
species in the region; Nt is the total number of stems
present in the region; ny is the number of plots that bear
the species; Np is the total number of speciesin the re-
gion; G is the total basal area of all the found species
in the region; G; = (r/4)(DBH)? is the tree individ-
ual basal area of the species and DBH was the mea-
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sured diameter at Human Breast by a tape, graduated The first plot cluster (triangles in figure 3) was ex-
in diameter-equivalence of the tree circumference. clusively concentrated in the south of the country un-
Other parameters we used for characterising the dif- der the latitude of Aplahoue (department of Coufto) and
ferent SMRs were: (i) the tree basal area per ha of the Cove (department of Zou) in the Sudano-Guinean cli-
region which equals the total of the individual tree area mate area. It was dominated by entropic plantations
divided by the total surface of the survey plots of the of Elaeis guineensis, Gmelina arborea, Tectona grandis
region; (ii) the tree density per ha of a region which is and Acacia auriculiformis.
the total number of tree stems encountered in the region The second cluster (dots on figure 3) was made of
divided by the total surface of the survey plots of the plots that were absent in the south and the central-west
region; and (iii) the species diversity which is the num- which benefit by a better annual rainfall. They were al-
ber of different species encountered in the region (also most absent in the band of Bembeéréké-Sinende to Seg-
determined for the different genera and families). bana, known as the Vitellaria paradoxa (butter tree) re-

gion. Apart from this particular area, they were spread
all over thetransitional climatic region of the country in

3 Results a mixture of some scattered plots from the first and the
3.1 Climatic gradient and silvo-melliferous regions third clusters.

The distribution chart of the plots in the different Eu- Thethird plot cluster (starsin figure 3) was divided in
clidean axes indicated that there was a strong correla- two pure ecotypes located in two distinct geographical
tion between the values of the ecological gradient and regions in the south and the north of the second cluster.
the ecological distance of Bray-Curtis matrix. The cor- One was located in the central-west humid climatic re-
relation value is 0.678 and the significance level for the gion of the country (region of Bassila) with an annual
test of zero correlation was very low (P = 0.000). The rainfall of 1300mm. The second geographical type of
plot pattern in the Euclidean distances and the ordina- this cluster covered a region that stood from the north-
tion indicated three main clusters, one below the ordi- east of the department of Borgou to the central -west bor-
nation value 100, another between 100 and 200 and the der of the department of Atacora with de Republic of
third above the value 200 (figures 2 and 3). Those pri- Burkina-Faso.

mary plots clusterswere distributed in the different parts
of the country as follows.

0.200
*
0.700 4 .
4
¢ o
.
0600 - C . . O
& b ¢ * .’

0o {*e Koty %o ¢ e ' *

; . . ‘., et o A . = ~

Y e 4 4 o . Q.‘ L s, -
. ¢ ‘. ‘e, & Voo E & e go. .
. . -
0.400 1 o “.o. Spy o T 3' L A R A ."{o‘;
2 e f o - AN o O A Bt
RS . e T S L ¢
0.300 4o Y0 . ot ¢
.t * ¢ e . : -
> e
cx0{ * . 1S
. - .
4 .
0.100 1 =2
. ¢ o
0,000 +—= = - N '
0.000 $0.000 102.000 150000 200000 250000 300000

Fig. 2: Distribution of the plots in the Euclidean axes. The plots of cluster 1 were presented as
triangles in the shape file of the country. The plots of the cluster 2 were presented as dots and those
of the cluster 3 were presented as stars in the country shape file (see Fig.3).
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Fig. 3: Location map of the 3 main plot clusters on the country map: the triangles (A) are the plots that constituted
the first cluster from the ordination analysis. Their concentration corresponded to the silvo-melliferous region (S
MR) of the South. The dots (e) are for the second cluster. Their concentration in the north corresponded to the
Middle North SMR. The stars (x) constitute the third cluster, the concentration of which constitute the Central \West
SMR and the Central North SMR. The mixture of triangles, dots and stars corresponded to the Common Central

S'MR and the Extreme North SMR.

3.2 Spectrum of the silvo-melliferous regions

The geographic distribution of the plot clusters indi-
cated that the Republic of Benin can be divided in six

S-MRswith different beekeeping potential (Fig. 3). The
dendrogram generated from the Euclidean distance pair
comparison (Fig. 4) indicated the segregation between
the different regions (R=0.669 and P=0.000).
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Fig. 4: Dendrogram of the plots at Bray-Curtis distance of 0.25 (S-MR: silvo-melliferous region).

Thefirst region isthe South Silvo-melliferous Region
(SMR 1) which covered 1,102,906.23ha and was to-
tally located in the south. It bore six exclusive mel-
liferous tree species (thus only found in the concerned
area) which were Acacia auriculiformis, Ceiba pentan-
dra, Eucalyptus sp., Gmelina arborea, Newbouldia lae-
vis and Phoenix reclinata. It was dominated by Elaeis
guineensis, Gmelina areborea, Cola sp. and Tectona
grandis which represented 196 % of the total tree im-
portance. The melliferous tree density was 140.4 trees
ha! represented by 24 species distributed in 20 genera
and 14 families sharing 299.1% of the total tree impor-
tance. This total importance was dominated by pollen
producing trees (211.0%) while the share of nectar pro-
ducing trees was with only 31.8%. In this region, the
feed productionis unbalanced and the bulk of the mellif-
erous plants density was made of pollen producing trees
(mainly Elaeis guineensisand Tectona grandis) that rep-
resented 87.7% of the melliferous density. The nectar
producing plants represented 5.3% and the plants that
produced nectar and pollen to bees represented 6.7 % of
the plant density. Therichest genus was the Acacia with
3 species (third species could not be determined at the
specieslevel) and the Arecaceae family was the most di-
versified in this region with 3 generaand 3 species. The
average diameter of the melliferous trees in this region
was 18.6cm (x7.5cm) and varied from 10 to 34cm.
There was one non-melliferous plant (Ficus sp.) of the
Moraceae familiy that represented some 0.3 % of the to-
tal tree density.

The second region is the Common Central
Silvo-Mélliferous region (SMR 2) that covered
4,175,094.9ha. It is an elongated area that covers the

north of the department of Couffo, the department
of Plateau in the east, the department of Zou, the
east of Colline, the east of Borgou, the north-west of
Donga and the west of the department of Atacora. It
bore 68 melliferous tree species of 26 families and
59 genera which represented 203.2% of the total tree
importance (141.0% of nectar plants, 113.5% of plants
that produce both and 39.1% of pollen plants). The
total density of melliferous plants was 99.3 plants ha*
distributed in 40.6 % of nectar producing plants, 14.5%
of pollen producing plants and 41.5% of plants that
issue pollen and nectar to bees. The most important
melliferous plants here were Vitellaria paradoxa,
Anogeissus leiocarpa, Pterocarpus erinaceus and
Daniellia oliveri that mainly produce nectar. The
Caesalpiniaceae was the most diversified family with
10 species distributed in 8 genera. The richest genusin
this region was the Combretum that bore 4 species. The
exclusive species were Adansonia digitata, Blighia sap-
ida, Borassus aethiopum, Dalbergia sp., Daniellia sp.,
Feretia sp., Phyllanthus amarus, Ximenia americana.
The average diameter of the melliferous trees in this
region was 20.3cm (£16.8cm) and varied from 10 to
135cm. The non-melliferous plants species were found
in the families of Melicaceae, Mimosaceae, Moraceae,
Sapindaceae and Simaroubaceae which shared 3.4 % of
the total tree density.

Thethird regionisthe Central West Silvo-Mélliferous
Region (S-MR 3) that covers 2,162,444.24ha. It was
an area standing from the north of the district of Djidja
(department of Zou) and covered the west of the depart-
ment of Collines, the west of Borgou and the east of
the department of Donga. In this region, the species
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were evenly distributed and there is no dominance ef-
fect although Vitellaria paradoxa is the most impor-
tant plant with 14.9% of the total melliferous density.
The exclusive silvo-melliferous species were Albizia
sp., Chrysobalanusicaco, Dialium guineense, Garcinia
ovalifolia, Morelia senegalensis, Parkia bicolour, Pte-
rocarpus santalinoides and Uvaria sp. The total mel-
liferous density was 178.0 plants ha™* distributed in
46.7% of nectar sources, 9.4% of pollen producing
plants and 40.6 % of plants that issue both feeds for the
honey bees. The diversity of the melliferous plants was
distributed between 60 species of 53 generaand 21 fam-
iliesthat shared 293.8 % of the total treeimportancedis-
tributed in 144.0% of nectar sources, 30.1% of pollen
source and 119.7 % of plants that produced both feed to
bees. The most diversified family was the Caesalpini-
aceae that bore 9 genera and 10 species. The Combre-
tum genus was the richest genus with 4 species. Those
melliferous trees had an average diameter of 19.8cm
(£8.7cm) which varied from 10 to 57.5cm. The non-
melliferous plants were found in the families of Anacar-
diaceae, Anonaceae, Caesalpiniaceae, Asteraceae, Eu-
phorbiaceae, Fabaceae and M oraceae which represented
some 3% of thetotal tree density.

The fourth region is the Centra North Silvo-
Melliferous Region (SMR 4) that covered
1,966,018.80ha located in the Central part of the
north of the country. It was a geographic ecotype of
the third region which covered the north-east of the
department of Borgou, the South of the department of
Alibori and centre of the department of Atacora. The
only exclusive species of this region was the Albizia
Zigia. The most important species were Anogeissus
leiocarpa, Burkea africana, Crossopteryx febrifuga
and Detarium microcarpum, representing 85,0% of the
total importance. The total melliferous tree density was
157.0 plants ha ! shared by 27.9% of nectar plants,
10.3% of pollen plants and 57.4% of plants that issue
both (nectar and pollen) to bees. The diversity was
shared between 53 species belonging to 20 families
and 44 genera which represented 291.8% of the total
tree importance with 104.53% of nectar source, 36.7 %
of pollen sources and 122.8% of plants that produce
both products for bees. The most diversified family
remained the Caesal piniaceae that bore 7 genera and 9
species. The Combretaceae was also the richest genus
with 4 species. The melliferous trees had an average
diameter of 17.9cm (+7.0cm) which varied from 10 to
38cm. The non-mélliferous plant species are found in
the families of Caesalpiniaceae, Clastraceae, Fabaceae,
Moraceae and Ulmaceae representing 4.2 % of the total
tree density of the area.

The fifth region is the Middle North Silvo-
Melliferous Region (SSMR 5) which covers
1,084,913.10ha. It was dominated by \itellaria
paradoxa and Anogeissus leiocarpa which represented
22.0% of the total melliferous tree density. No ex-
clusive species were found in this region which is a
geographic subdivision of the second (the Common
Central Silvo-Mélliferous) region with which it shared
all the species. Thetotal melliferousdensity was 108.12
ha~! distributed in 31.9% of nectar producing trees,
15.2% pollen producing trees and 48.6 % that produce
nectar and pollen for bees. The most important species
were Vitellaria paradoxa, Isoberlinia doka, Terminalia
sp. and Anogeissus leiocarpa which share 95% of the
total importance. There were 42 species of 18 families
and the most diversified family was the Caesal piniaceae
that had 7 genera and 8 species which represented
288.0% of the total tree importance distributed in
111.5% of nectar sources, 53.7% of pollen sources
and 122.8% of plants that produce both feeds for bees.
The Combretum genus was also the richest genus with
4 gspecies. The average diameter of the melliferous
trees was 18.7cm (+9.4cm) and varied from 10 to
63.7cm. Three non-melliferous plants were found in
this region and belonged to the Moraceae, Sapotaceae
and Caesal piniaceae families representing 4.1 % of the
plant density.

The sixth region is the Extreme North Silvo-
MelliferousRegion (S-MR 6). It covered 1,044,625.1 ha
in the sub-saharian climate type and bore two exclusive
species (Balanites aegyptiaca and Stereospermum sp.).
Therewere 29 melliferous species here, distributed over
14 families and 23 genera which represented 292.0%
of the total melliferous tree importance. This mellifer-
ous importance was shared by 77.3% of nectar sources,
43.2 of pollen sources and 171.4% of plants that pro-
duce both resources for bees. The most diversified fam-
ily was the Caesal piniaceae with 5 generaand 6 species.
The Combretum was the richest genus with 5 species.
\itellaria paradoxa, Anogeissus leiocarpa, Terminalia
sp. and Detarium micropcar pum were the most impor-
tant species here with 111% of the total importance.
The total melliferous tree density was 101.4 ha™! rep-
resented by 22.1 % of nectar producing trees, 15.2% of
pollen producing trees and 59.0% of pollen and nectar
producing trees. The average diameter of those mellif-
eroustreeswas 19.4cm (+11.0cm) varying from 10cm
to 66cm. The non-melliferous plants species encoun-
tered here belonged to the Anacardiaceae, Anonaceae,
Caesalpiniaceae and the Fabaceae families which share
3.9% of the total tree density.
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4 Discussion

From the total of 2807 floral species distributed over
1129 generaand 185 families found in Benin (Akoégni-
nou et al., 2006) the first national forest survey found
186 timber trees (IFN, 2010). Our study identified 90
perennial melliferous plants, distributed over 29 fami-
liesand 73 genera. At the country level, this represented
atiny part of 3.2% of thetotal floral diversity. But when
taking into account the timber trees only, the mellif-
erous plants found in this study represented 48.4% of
the timber tree diversity. Though the silvo-melliferous
plant density over the country is low (40.0 plants ha™1)
the tree distribution is well balanced to make pollen
and nectar available for the bees. In fact, our investi-
gation found that there are amost as much pollen pro-
ducing trees as nectar producing trees all over the coun-
try (29.1% of nectar trees, 25.4% of pollen trees and
42.3% of trees that produced both resources for bees)
with only 3.2 % of non-melliferoustrees. Beekeeping is
then an activity that can at first sight thrive al over the
country. The diversity in melliferous species appeared
to be higher than found by Dongock and colleagues
(Dongock et al., 2004) in Cameroon which had 78 mel-
liferous species distributed in 33 families. In Benin
the most important families found were Caesal piniaceae
(13.3%) and the Mimosaceae (11.1%) where as Aster-
aceae and Solanaceae dominated the melliferous fami-
lies in Cameroon (Dongock et al., 2004) and the Com-
bretaceae were the dominant family in Senegal (Riccia
rdelli & Compagnucci, 1991).

The availability and the balance of pollen and nectar
from which the bees elaborate the hive products varied
from region to region and the distribution of the mel-
liferous trees over the country was also determined by
the south-north ecological gradient as Adomou (2005)
and Sinsin et al. (2004) found in the global flora of
the country. In that system, the Central West and the
Central North regions located in greener areas had also
the highest melliferoustree density which was also well
balanced in pollen and nectar source. But our findings
proved that the availability and diversity in melliferous
plants and the beekeeping potentiality of aregion were
not necessarily correlated to the global prevailing floral
diversity and climate. In fact the Common Central Re-
gion (located in the centre of the country with the high-
est tree diversity) had less melliferous trees per hectare
than the Extreme and Middle North regions located in
more difficult climate conditions with poorer global flo-
ral diversity. In the same way, the south that bene-
fits by a better rainfall distribution during the year had
the best global flora biodiversity of the country (Ad-

janohoun et al., 1989; Akoégninou et al., 2006). Un-
fortunately this was the poorest apicultural region be-
cause the perennia melliferous florawas simplified and
reduced to industrial plantations of Elaeis guineensis,
Tectona grandis and Acacia trees which mainly pro-
duce pollen (Y édomonhan et al., 2012). In addition to
the poorer nectar production, the South Region is very
cloudy and had a high air humidity al the year long.
This meant as indicated by Louveaux et al. (1966) and
Klein et al. (2007) that the bees will stay less active
leading to bad hive product yields and this region was
less suitable to beekeeping than the other melliferous
regions.

The total relative importance of the different species
showed that Vitellaria paradoxa was the most impor-
tant species in the entire melliferous regions except the
south where Elaeis guinensis dominated the melliferous
flora. This dominance of Vitellaria paradoxa which is
endemic to the country (Jurgens et al., 2012) is due to
its high economic value. In fact the species is usually
conserved by peasant during the slash and burn crop-
ping system (Glelé Kakai et al., 2011) and the landscape
evolve sometimes in “pure Mitellaria paradoxa planta-
tions’ in most SMRs. The honey flow periods in the
country will then be very influenced by the blossom-
ing dynamics of this species. The exclusive species that
produce nectar could give their specific signature to the
honey that would be produced in the region. In that we
found that the south regions honey will be characterised
by Gmelina arborea, Eucalyptus spp. and Newbouldia
laevis. The honey from the Common central regionswill
be characterised by nectar from Borassus aethipium, Xi-
menia maricana, Daniellia sp., Bloghia sapida, Phyl-
lantus sp. and Feretia sp.; the honey from the Central
West regions will be characterised by Garcinia ovalifo-
lia, Dialium guinense, Peterocarpus santalinoides and
Chrysoblalanites icaco; the honey from the extreme
north regions will be characterised by the nectar from
Balanites aegyptiaca and Stereospermum sp. The Mid-
dle North and the Central North had no exclusive tree
that produces nectar and our finding suggested that the
honey from those two areas could have no particularity
that could distinguish them from other surrounding re-
gions.

The diversity of the melliferous trees per regionsin-
dicated that the Common Central regionswhich had the
lowest melliferous density was the most diversified area
with 68 species of 26 families. It is followed by the
Central West region and the Central and Middle North
regions that respectively bore 60 species 53 and 42 mel-
liferous tree species. This diversity in the melliferous
trees was the main reason why those three areas had the
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best balance in nectar and pollen sources. Thought the
Extreme North region was less diversified compared to
those four first regions, it is far better than the South re-
gion with its 29 melliferous species and a good balance
in nectar and pollen sources. In addition to that, it was
located in better climatic conditions for the bees and we
classified this region as the fifth SS MR of the country.

The dry season is the period when the bees are most
active (Adjare, 1990) and this period ecologicaly co-
incides with the blossoming of more than 70% of the
tropical trees (Arbonier, 2002; Akoégninouet al., 2006),
With this positive ecological synchronization between
the active period and the plant blossoming, the annual
pollen or nectar production of a region will be mainly
determined by the size of the trees that it bears but we
found that all the regionswere dominated by small sized
trees of lessthan 40 cm DBH asthe country islocated in
a savannah area from the north to the south and where
human pressure on the trees are very hight. The best
parameters for characterising the different regions were
then the tree relative density (or total importance) and
the different pollen and nectar sources as indicated on
figure5.

As awhole, by integrating al those parameters, we
suggest the following classification of different regions

of the country as far as their beekeeping potentiality is
concerned: the first beekeeping area of the country is
the Central West known as the Bassila honey belt all
other the country. It is followed by Central North and
the Common Central Region which was characterised
by agood balance and diversity in nectar and pollen pro-
ducing trees. In those area, there are enough trees that
can sustain nectar and pollen to the bees and their good
frequency will help the bees spend less energy searching
for their raw material. The Middle and Extreme North
regions are similar regions with some fare beekeeping
potentiality. But the Middle North region is still better
than the Extreme North with its higher melliferous den-
sity. The marginal region in beekeeping was the South
region which is in addition to a poor melliferous flora,
too much humid and cloudy all the year long.

This classification is really conform to what is com-
monly adopted from the field works of different actors
implicated in the beekeeping industry in Benin and the
findings of Adjinakou (2000) and Kokoye (1991) sug-
gesting that real beekeeping in Benin starts from the
latitude of Abomey (north limit of South S-MR) to the
north and that the area of Bassila (corresponding to the
Central West S-MR) is the best beekeeping area, with
also the highest hive density in Benin.

120%
B nectar and pollen trees
 Pollen trees
100% B Nectar trees
b
s  80% -
‘0
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Fig. 5. Distribution of the nectar and pollen production per silvo-melliferous region (SMR). The
South SMR had too much pollen trees and very few nectar sources; the other regions had a mixture

of pollen and nectar producing trees for bees.
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5 Conclusions

This research indicated that the distribution of the
perennial melliferous resources lead to six distinct re-
gions of particular apicultural potentiality. The den-
sity of the melliferous resources and their quality indi-
cated that the south is the poorest while the best mel-
liferous region of the country is located in the Centre
West known as the Bassila honey belt. Evenif the silvo-
melliferous conditions of the other regions are fare, they
benefit by a good climatic conditions to the bees and a
beekeeping enterprise can well thrivein those areas. The
research was limited to the perennia plants that issue
the bulk of the pollen and nectar to bees in the tropical
areas during the dry season when the bulk of the trees
blossom. But it is known that the bees don’'t only rely
on perennial trees or timber trees of more than 10cm
diameter at breast height and also many annual plants
produce nectars and pollen for bees. The hive prod-
uct yields are also determined by the colony manage-
ment and pest or bee enemies’ control. Other researches
should include the annual plants and the bee and their
pests management in order to have an overview on the
total beekeeping potentiality of the country.
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