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ABSTRACT

Fruiting and recruitment of trees are respectively dysregulating and declining throughout
Afrotropical forests. The main objective of this research was to accurately estimate with robust
methods of statistics inference the fruiting potential and spatial pattern of recruitment of the
populations of the neglected wild edible fruit trees. The specific objectives were to (i) assess in the
Bayesian framework the fruiting biology of D. mespiliformis Hochst. Ex A. DC following
latitudinal gradient in republic of Benin and (i1) analyze the spatial pattern of the recruitment of D.
mespiliformis surrounding the mother trees. Thirty and fifty-eight fruiting mother trees of D.
mespiliformis were randomly selected respectively at the lowest and the highest latitudes. Number
of fruits per tree, diameter at the breast height, height and crown areas were collected. Total number
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of the individuals of recruitments of D. mespiliformis were recorded in the successive 5 m radius
annulus surrounding mother trees. Overall, D. mespiliformis fruiting was higher at the highest
latitudes (2708 fruits / tree) than at the lowest latitudes’ vegetation ecosystems (247 fruits / tree).
Markov Chain Monte Carlo resampling revealed contradictory trend. The main biotic driver for
the highest fruits production is the height of D. mespiliformis at the highest latitudes while width
crown area increases fruiting at the lowest latitudes. The populations of D. mespiliformis at the
lowest latitudes produced the fleshiest endocarp fruits with the largest seeds at the opposite to the
highest latitudes’ populations that produced the longest and largest fruits. The spatial pattern of the
recruitment was clumped in the radius of 5 m surrounding the mother trees (Dx> 1 stem / m?).
Future researches have to address nutritional and breeding values of D. mespiliformis.

Keywords: tree reproductive biology, wild edible fruit trees, fruiting, Bayesian estimation,
Diopyros mespiliformis Hochst. Ex A. DC.

1. INTRODUCTION

Fruiting and fruition are important demographic steps allowing to tree species to reproduce,
disperse and to survive in their natural habitats (1, 2, 3, 4). To model the pattern, power of the tree
species fruiting and dispersal dynamic throughout vegetations or habitats are the most important
challenges in the analysis of demographic dynamics of the populations of tree species (5, 6, 4, 7).
Fruits production favors not only tree species to survive from generations to generations but
provides also foods to human (8), bird and animal species (9, 10). Wild edible fruits are the main
foods and local economic resources for many endogenous people around the world (11, 12). Global
domestic product of the nations with various and diverse wild edible fruit trees depends in large
part on direct fruits trading and or fruits processing to various drinks and foods (13). Analysis of
fruits production potential and nutritional values of the fruits of the wild fruit tree species are keys
steps for a better value chain assessment of the wild edible fruits and subsequent national and
regional policies setting for an increase of wild edible fruits production, an efficient
commercialization and processing of fruits at industrial scale (14). The first desires of the
consumers of fruits are the best physico-chemical characteristics of the fruits (15,16). Higher size
and weight of the wild fruits and fleshy characteristic of the pulp and endocarp are the first physical
characteristics that direct intense fruits harvesting and consumption by both humans and
frugivorous animals (17). Both quantitative and qualitative production of fruits may be negatively
impacted by several environmental and anthropogenic factors such as the ways and the intensity
of barks and branches harvesting by humans (18, 19) (Growth differentiation hypothesis (20))
following the latitudinal gradient. Spatiotemporal variation of abiotic factors such as rainfall and
temperature affects significantly fruiting and fruition of trees and are the main factors of the pattern
of tree species fruition and dynamic (21, 22, 23) (resources availability hypothesis (24)). Biotic
factors such as dendrometric parameters of the tree species play an important role in the fruiting
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biology of tree species (25). Thus, the size of crown area, the height and the basal area could affect
the quality and the quantity of fruits produced by a given tree species throughout its natural range
size ecosystems (1, 2, 25). Diversity of natural ecosystems or habitats affect the reproductive
biology and fruiting of trees and therefore drives demographic dynamic of the populations of the
tree species (5).

Important ecological processes underlying tree species demography and survival are tree species
fruition and fruits dispersal capacity by mother trees (7). Furthemore, tree species demography and
survival depend mainly on the regeneration ability of the mother trees and the growth potential of
seedlings throughout the natural stands (26, 27, 28). Regeneration and recruitment are two
ecological processes which allow seeds to germinate and to grow from seedlings via juveniles,
sapling stages to recruit stage in the absence of natural predation (29) such as repeated intense
herbivory (30).

Erosion of tree species genetic diversity and subsequent tree species extinction are mainly caused
by lack or decrease of offsprings due to innate reproductive inability or intense seeds predation (1)
or seedlings mortality in forest communities. The ways the individuals of the recruitments of tree
species are spatially distributed are important ecological components in community ecology (31,
32, 33, 34). Density and diversity of tree species determine their spatial pattern across vegetation
types (35). The spatial pattern of tree species 1s an indicator of abiotic and biotic factors importance
or intensity and spatial variability throughout forests ecosystems (35, 36) and requires daily
assessments for different generations of the individuals of tree species.

Targeted wild edible fruit tree of this study is D. mespiliformis Hochst. Ex A. DC, an evergreen
tree species with large spatial repartition in Africa (37). D. mespiliformis rainfall requirement
varies between 300-2000 mm and grows on the well-drained soils. D. mespiliformis is common to
savannas and woodlands (38). Specific researches on the spatial pattern of its fruiting and
recruitment remain less addressed in the western Afrotropical countries. Recent research in the
northern part of republic of Benin assessed the morphotypes of D. mespiliformis with non-
exhaustive number of morphological traits and with non-smart methods of statistics inference
analysis background (39).

Some methods of data analysis or data science can fail to estimate or to predict accurately the true
state or intrinsic characteristics of some biological and socio-ecological systems or processes (40,
41). Dealing with the most robust methods of data science in biological and socio-economic
phenomena analyses become compulsory for biases reduction in decisions setting. Bayesian
statistics inference (Bayes, 1770s) background (algorithmic calculus, resampling of main datasets,
etc.) overcomes statistical analyses biases throughout any kind of database.
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The main objective of this research was to accurately estimate with robust methods of statistics
inference the fruiting potential and spatial pattern of recruitment of the populations of the neglected
wild edible fruit trees. The specific objectives were to (i) assess in the Bayesian framework the
fruiting biology of D. mespiliformis Hochst. Ex A. DC following latitudinal gradient in Benin and
(i1) analyze the spatial pattern of the recruitment of D. mespiliformis surrounding the mother trees.

Based on the assumption of the effect of latitudinal gradient (42, 43) and resources availability
(24) hypotheses on species diversity and biology, the main specific research hypotheses addressed
are: (1) latitudinal gradient drives negatively D. mespiliformis fruiting with limited fruiting capacity
at the highest latitudes (ii) vegetation types affect the fruiting capacity of D. mespiliformis with
gallery forests and wetlands, the most important fruiting habitats (iii) dendrometric characteristics
of D. mespiliformis affect its fruiting capacity differently following latitudinal gradient (iv)
latitudinal gradient drives negatively physical traits variation of the fruits of D. mespiliformis with
limited attractiveness consumption choice traits at the highest latitudes forest ecosystems and (v)
mother trees of D. mespiliformis develop a repulsive behavior toward their offsprings.

2. MATERIAL AND METHODS
2.1 Study area

This study was carried out from the lowest latitudes to the highest ones of Benin republic in west
Africa (Figure 1). Benin republic is located between 6°10” and 12°25’ latitudes north and 0°15°
and 3°55’ longitudes east. The country is characterized by tropical climate with two rainy seasons
in the southern and in the central part close to the southern part of the country and one rainy season
in the northern part and the central part close to the northern part of the country and covers three
chorological endemism centers (44, 45). The southern part of Benin covers the Guineo-Congolian-
endemism center with an average annual rainfall of 1200 mm and a range of temperature of 26°C
and 35°C. The second endemism center is Guineo-Congolian-Sudanian transition endemism
center that covers the central part of the country with an average annual rainfall ranging between
1050 mm and a temperature varying between 26 and 35°C. The highest latitudes’ parts of the
country correspond to the Sudanian endemism center with an average annual rainfall varying
between 900 and 1100 mm and a temperature varying between 26-40°C (45). The main vegetations
are dense semi-deciduous forests, savannah ecosystems, dry forests, gallery forests, riparian
forests, wetlands, farmlands and fallows.

In Benin republic, over the last decades, 10741458 inhabitants were recorded (46) with diverse
socio-economic activities. Agriculture is the first economic activity (47), followed by the stock
farming and breeding, trade, fishery and craft industries. Non-timber forest products processing to
foods and drinks is still at an embryonic stage and should be rethought for a better industrialization
of the country.
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Fig. 1: Map of the study area showing the location of republic of Benin in Africa.

Figure 1 shows the main districts of republic of Benin and the forests and National Parks where
the forest inventories were carried out.
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2.2 Sampling design and data collection

2.2.1 Quantification of fruits production potential and physical traits of fruits of D.
mespiliformis throughout vegetation types and latitudinal gradient in Benin

The fruiting biology data were collected at two very contrasted latitudinal gradient environments
(the lowest versus the highest latitudes) of the country. Target populations of D. mespiliformis of
the lowest latitudes were inventoried in the Guineo-Congolian endemism center while the
populations of the highest latitudes were assessed in the Sudanian endemism center in order to
address expected effect of very contrasted latitudinal gradient of abiotic and biotic factors on D.
mespiliformis Hochst. Ex A. DC fruiting biology. Indeed, very isolated latitudinal gradient
populations of the tree species are supposed to grow, reproduce differently with divergent
functional traits diversity (42,43). Thirty and fifty-eight fruiting mother trees of D. mespiliformis
were randomly chosen throughout vegetation types during fruiting period in the Guineo-Congolian
endemism and Sudanian endemism centers respectively. The height of each target mother tree of
D. mespiliformis was determined basing on the sight metrics of height measured from the highest
and lowest sight of the tree at a suitable distance allowing to view the true summit of each target
mother tree with clinometer sunto without sight biases. Diameters of crown area and the diameter
at the breast height were measured with the tape pi. Total number of fruits per two important
branches were also randomly collected. Variables samples of fruits were collected per each target
individual of D. mespiliformis and diameter, size and endocarp size of each fruit, size and diameter
of each seed were measured with ruler caliper (Figure 2). Clinometer sunto, tape pi and ruler
caliper are the most accurate instruments in forest inventory science.

Fig. 2: Measurement of physical traits of fruits of D. mespiliformis
throughout forest ecosystems.
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The figure 2 is an example of measurement of physical trait of the fruits of D. mespiliformis during
forest inventories. The ruler caliper was used to measure physical traits of fruits of D.
mespiliformis.

2.2.2 Collection of spatial pattern data of the recruitments of D. mespiliformis

The spatial pattern of the recruitments of D. mespiliformis were assessed per vegetation type in the
two target contrasted endemism centers. Several successive circular plots of 5 m radius were
established surrounding each target mother individual of D. mespiliformis (adapted from 34).
Inside each annulus or circular plot, total number of the individuals of recruitments of D.
mespiliformis were recorded. Diameter at the breast height and total height of each targeted mother
tree were measured.

2.3 Data analysis

2.3.1 Assessment of latitudinal gradient pattern effect of environmental factors on
production potential and physical traits variation of fruits of D. mespiliformis in Benin

A quick view of the tree species survival likelihood assessment throughout the natural stands is
most of time approached by measuring the capacity of the tree species to produce fruits and
propagules in nature (48). The quantity of fruits produced by a given mother tree of D.
mespiliformis is computed by multiplying the average number of fruits per branch by the overall
branches of each tree.

Basal area (G) (Eq.1), height (Eq.2) and crown area (Eq.3) were computed for each individual of
D. mespiliformis.

G="4¢
4 (Eq.1)
. (Vh - Vb ) x distance
Height = 100 (Eq.2)
n
x D’
: § 1 l (Eq.3)

crown area = L=
4n
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where d; corresponds to diameter of a given fruiting tree i, Vi and Vy are respectively up and down
sighted values measured with clinometer sunto from an unbiaised distance of accurate height of
tree measurement. D; corresponds to a given diameter i of the crown for the same tree and n is the
total number of diameters measured for the crown. Bayes Factor metric (bf) (Eq.4) is computed
per fruit production driving factors and per their additive common and interactive effects to
determine the main drivers of the capacity of fruits production of D. mespiliformis throughout
vegetation types at national scale in Benin.

bf = generalTestBF(Total fruit ~ Endemismx Habibat, data = DiospFruiting) (Eq. 4)

A further analysis based on Bayesian generalized linear mixed effect model of Poisson family was
performed by simulating initial dataset via Markov Chain Monte Carlo with 3000 iterations. In
order to select the most important populations of D. mespiliformis that can produce attractive fruits
for dietary, the average values of size and diameter of the fruits, size and diameter of the seeds and
size of endocarp of the fruits were computed per individual of D. mespiliformis tree species and
submitted to combined clustering and principal component analyses.

To implement the statistical analyses, the packages brms (49)), BayesTools (50) and BayesFactor
(51) of the R statistic software were used to define specific macro languages compulsory for the
statistical analyses implementation.

2.3.2 Analysis of the spatial pattern of the recruitments of D. mespiliformis surrounding the
mother trees throughout vegetation types in contrasting chorological endemism centers in
Benin

The way the individuals of tree species are dispersed in a given vegetation directs often
management plans of trees throughout natural forests. The individuals of the tree species can
disperse by living often together (clumped spatial pattern), randomly or regularly throughout their
natural ecosystems (32, 33). There are several ways to analyze the spatial pattern of tree species.
Two methods, distance to the nearest neighborhood individuals (32, 33) and density of individuals
per vegetation survey unity index (Green index (31)) are often used to analyze the spatial pattern
of tree species. However, to assess local dispersal ability of tree species, analysis of the spatial
pattern of the individuals of the recruitments surrounding the mother tree species (Eq. 5) is often
the most appropriated method (34).

D = (Eq.5)
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Dy is the neighborhood density, Nx is the number of individuals of the recruitments of D.
mespiliformis in a given annulus surrounding target mother tree and Ax the area of the annulus.
The advantage of the neighborhood density spatial pattern index is related to its ability to analyze
the spatial pattern of the individuals of the recruitments at specific distances from the mother trees
(34). This study used just the average density of recruitment of D. mespiliformis per annulus area.
Inclusion of the heterospecific species leads to relative neighborhood density computation by
including the overall density of tree species per annulus. Dx= 1 corresponds to random distribution
while Dx > 1 corresponds to aggregative distribution and Dx< 1 indicates an hyperdispersion (34).

3. RESULTS

3.1 Latitudinal gradient pattern effect of environmental factors on production potential and
physical traits variation of fruits of D. mespiliformis in Benin

3.1.1 Diospyros mespiliformis fructification throughout chorological endemism centers and
habitats

Bayes Factor metric values obtained reveal that both endemism center and habitat types variation
influence the fruits production capacity of the individuals of D. mespiliformis within its areas of
occurrence throughout the country (Table 1). Habitat types represent the most important driver that
influenced D. mespiliformis fructification. The lowest average quantity of fruits per tree was
observed in the dense semi-deciduous forests (183) in the Guineo-Congolian endemism center
(Table 2). The most important average quantity of fruits per tree was observed on termitary
individuals of D. mespiliformis (3933) and on Savannas-fallow-farmlands (3459) in the Sudanian
endemism center. The populations of D. mespiliformis of gallery forests and wetlands showed
similar fruits production capacity (1752 and 1689 respectively). The results of Bayesian
generalized linear mixed effect model of Poisson family omitting the effects of the habitats types
after 3000 datasets resampling via Markov Monte Carlo chains reveal an evidence of higher fruits
production capacity of the individuals of D. mespiliformis located in Guineo-Congolian endemism
center than those in the Sudanian endemism center (Table 3). Most of the Markov Monte Carlo
chains did not converge (Figure 3).

Table 1: Bayes Factor results on the driving factors of the number of fruits
per individual of Diospyros mespiliformis

Driving Factors Bayers Factor
Endemism 1.047565x10'! + 0%
Habitats 5.488746x10%% + 0%
Endemism + Habitats 1.642302x10%?7 + 1.61%
Endemism + Habitats+ EndemismxHabitats 1.458442x10%?7 + 1.16%
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Table 2: Average number of fruits per individual tree of Diospyros mespiliformis per habitat

Endemism Habitats mean cv (%)
Gallery Forest 1752 61.9335
. SFF 3459 96.8498
Sudanian -
Termitary 3933 75.0914
Wetland 1689 59.2599
DSF 183 23.172

. _ 1
Guineo-Congolian TDSF 312 28.8507

SFF: Savanna-Fallow-Farm ecosystems, DSF: Dense Semi-deciduous Forest, TDSF: Typical Dense Semi-Deciduous-Forest, CV:
coefficient of variation.

Table 3: Bayesian Generalized linear mixed effect model of Poisson family on
the number of fruits of Diospyros mespiliformis

Group-Level Effects
Estimate Est.Error 1-95% CI u-95% CI Rhat Bulk ESS Tail ESS

Habitats
sd(Intercept) 0.92 0.98 0.03 3.15 1.99 4 17
Habitats:Plots
sd(Intercept) 0.64 0.21 0.34 0.89 1.75 5 30
Population-Level
Intercept 3.62 0.81 2.03 526 1.00 2089 2222
Intercept 4.74 1.16 1.84 5.88 1.83 4 23
Sudanian 1.54 0.62 0.63 2.78 2.00 4 14

Sd : standard deviation, Est.Error : estimated error, CI : credibility interval, Rhat : potential scale reduction statistic, also known as
the Gelman-Rubin statistic, Bulk ESS : Effective sample size for rank normalized values using split chains, Tail ESS : Tail
effective sample size.
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Fig. 3: Map of convergence pattern of Markov Monte Carlo chains.

Figure 3 shows convergence pattern of Markov Chains Monte Carlo resampling of initial fruit
production data of D. mespiliformis.

3.1.2 Biotic drivers of Diospyros mespiliformis fructification

Diospyros mespiliformis fructification was affected differently by dendrometric parameters of the
individuals of D. mespiliformis throughout the chorological endemism centers (Table 4). Among
three dendrometric parameters assessed, crown diameter was the functional traits that showed an
evident effect on the fruits production quantity of D. mespiliformis in the Guineo-Congolian
endemism center. Large crown diameter individuals are supposed to produce more fruits than the
small crown diameter trees. In the Sudanian endemism center, only the height of the individuals
of D. mespiliformis influenced significantly their ability of fruit production. The tallest individuals
produced more fruits than the shortest ones.

www.ijaer.in Copyright © 2026 by the authors. Licensed under CC BY-NC-SA 4.0 Page 78




International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume: 12, Issue: 01 "January-February 2026"

Table 4: Bayesian Generalized linear mixed effect models of Poisson
family on Diospyros mespiliformis fructification

Endemism Group-Level Effects
Estimate  Est.Error 1-95% CI u-95% CI Rhat Bulk ESS Tail ESS
Habitats
sd(Intercept) 0.72 0.58 0.04 1.46 3.2 3 11
Habitats:Plots
GC sd(Intercept) 1.68 1.66 0.4 4.03 295 4 11
Population-Level
Intercept 38.35 86.14 -42.78 159.25 3.83 3 11
Height 0.11 0.46 -0.33 0.73 3.6 3 11
Basal area -0.05 0.06 -0.13 0 3.74 3 11
Crown area 0.47 0.31 0.08 0.88 3.74 3 11
Habitats
sd(Intercept) 2.33 3.08 0 6.68 4.21 3 NA
Habitats:Plots
sd(Intercept) 0.3 0.12 0.12 043 297 3 NA
Population-Level
Intercept 38.06 50.88 -8.8 111.69  3.66 3 11
Height 0.58 0.6 0.08 143  3.07 3 NA
Basal area -0.02 0.03 -0.08 0 3.54 3 11
Crown area -0.19 0.32 -0.64 0.1 3.41 3 11

GC : Guineo-Congolian endemism center, S : Sudanian endemism center, sd : standar deviation, Est.Error : Estimated Error, CI :
credibility interval, Rhat : potential scale reduction statistic, also known as the Gelman-Rubin statistic, Bulk ESS : Effective sample
size for rank normalized values using split chains, Tail ESS : Tail effective sample size, NA | Not Available.

3.1.3 Pattern of physical traits of fruits of Disospyros mespiliformis throughout the
chorological endemism centers following the latitudinal gradient in Benin

Combined clustering and principal component analyses on the physical traits’ values of the fruits
of individuals of D. mespiliformis following latitudinal gradient from south to north revealed three
clusters or morphotypes of the populations of D. mespiliformis at national scale in Benin (Figure
4). Distinctively, the southern populations, the individuals of the lowest latitudinal gradient located
in the Guineo-Congolian Endemism center (Cluster 2) were characterized mainly by the deepest
endocarp thickness with some individuals with the widest diameter of seed. The populations of D.
mespiliformis of the highest latitudinal gradient were separated into two morphotypes. The first
morphotypes (cluster 1) is characterized by the individuals with the longest fruits and widest seeds
at the opposite to the second morphotypes (cluster3) dominated mainly by the individuals with the
largest diameter of fruits and the longest fruits and seeds.
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Fig. 4: Map of morphotypes populations of Diospyros mespiliformis in relation to the
physical traits of their fruits throughout chorological endemism centers following
latitudinal gradient.

P=Plant, Thichness Endo= Thichness of Endocarp, Fruit-Diam = Fruit Diameter, Size Seed= Size of seed, Seed Diam = Seed
diameter, Fruit_Size = Fruit Size.

Figure 4 is the map of the principal component analysis on physical traits of the fruits of the
individuals of D. mespiliformis measured from the populations at the lowest latitudes (Guineo-
Congolian endemism center) versus the populations at the highest latitudes (Sudanian endemism
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center) across the country. Very closest individuals are clumped with the same color and represent
one morphotype of the species.

3.2 Spatial pattern of the recruitments of D. mespiliformis surrounding the mother trees
throughout vegetation types in contrasting chorological endemism centers in Benin

Neighborhood density results reveal a clumped distribution pattern (Dx > 1 stem/ m?) of the
individuals of the recruitments in the radius of 5 m surrounding D. mespiliformis mother trees
(Table 5). Both aggregative and hyperdispersion patterns were observed between 5 m and 10 m
radius. Overall, very few individuals were observed beyond 10 m radius surrounding the mother
trees.

Table 5: Average neighborhood density of the recruitments of D. mespiliformis surrounding
the mother trees in two contrasting chorological endemism centers in Benin

Habitats 0-5m 5-10m 10-15m 15-20m 20-25m 25-30m 30-35m 35-40m
Farmlands 4.73 0.33 0.00 0.03 0.00 0.09 0.03 0.00
SGC Gallery Forest 427 1.09 0.00 0.00 0.00 0.00 0.00 0.00
Fallow 312 0.36 0.00 0.00 0.00 0.00 0.00 0.00
Savanna 1.66 0.61 0.48 0.00 0.00 0.00 0.00 0.00
Global 345 0.60 0.12 0.01 0.00 0.02 0.01 0.00
Farmland 1.50 0.75 0.50 0.00 0.00 0.00 0.00 0.00
Gallery Forest 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S Fallow 1.14 1.00 0.29 0.00 0.00 0.00 0.00 0.00
Savanna 2.38 0.57 0.08 0.00 0.00 0.00 0.00 0.00
Global 1.34 0.58 0.22 0.00 0.00 0.00 0.00 0.00

SGC = Sudano-Guineo-Congolian transition endemism center, 5= Sudanian endemism center.

4. DISCUSSION

4.1 Fruits production potential and physical traits of the fruits of D. mespiliformis throughout
vegetation types and latitudinal gradient in Benin

The main findings of this study highlight contrasting effect of latitudinal gradient (42, 43),
chorological endemism centers and vegetation types (44) on the quantity of fruits produced by
target mother trees of D. mespiliformis in republic of Benin. The quantity of fruits recorded during
forest inventories throughout the populations of D. mespiliformis encountered in Guineo-
Congolian endemism center (the lowest latitudes’ populations of the species) is lower than the one
of fruits recorded per individual of D. mespiliformis in the Sudanian endemism center (the highest
latitudes’ populations of the species). Thus, the research hypothesis according to which the lowest
latitudes’ populations of D. mespiliformis produce higher quantity of fruits than the highest
latitudes’ populations is not verified for the sampling effort involved in the forest inventories of
this research. This opposite pattern of fruits production by the populations of D. mespiliformis
throughout the two contrasted ecological regions is linked to the presence of important and various

www.ijaer.in Copyright © 2026 by the authors. Licensed under CC BY-NC-SA 4.0 Page 81




International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume: 12, Issue: 01 "January-February 2026"

monkey species in the Guineo-Congolian endemism center and especially in the strictly protected
dense semi-deciduous Lama reserve forest. Despite the fact that Lama reserve forest has the most
important populations of D. mespiliformis, the fruiting trees were regularly visited by various
monkey species with stronger fruits predation diet behavior as stated by previous researches in the
natural forest ecosystems (1, 9). However, this weak fruit availability penalization due to natural
fruits predators in Guineo-Congolian endemism center is corrected by robust Bayesian generalized
linear mixed model of Poisson family estimates obtained after 3000 iterations resampling scheme
from Markov Monte Carlo simulations. Indeed, Markov Monte Carlo simulations take into account
penalized and incertitude situations related to the shape of the survey designs and spatial and
temporal variation effect of the characteristics of the fruits during different times of forest
inventory. This pattern of estimated fruits production obtained from established statistical models
is extremely true given that very wide crown area and higher size trees of D. mespiliformis were
encountered in the Lama reserve forest. Indeed, the size and the crown area of tree species are
often positively correlated with higher fruits production by tree species (52, 53). Thus, estimative
and predictive framework from Bayesian generalized linear mixed effect model of Poisson family
on these biotic drivers of the fruiting capacity of the individuals of D. mespiliformis indicates that
higher fruits production capacity of D. mespiliformis is positively linked to the crown area size of
the individuals of D. mespiliformis located in the Guineo-Congolian endemism center when fruits
eaters or predators are absent. At the opposite, it is the height of the individuals of D. mespiliformis
that favors higher quantity of fruits production at the highest latitudes’ populations in the Sudanian
endemism center. Basal area variation did not induce an evidence of fruiting capacity variation of
D. mespiliformis as already found out by Venter and Witkowski (53) for the main basal area
calculation component such as the diameter for the Adansonia digitata trees in another tree fruiting
biology study. These findings confirm the opposite or neutral effect of some of the functional traits
of D. mespiliformis on its fruiting biology hypothesis. Personal observations during the forest
inventories confirm this trend where the smallest and shortest trees produced higher quantity of
fruits as well as the largest trees.

By focusing on the physical traits alone of the fruits of the individuals of D. mespiliformis, the
main findings reveal three morphotypes populations of D. mespiliformis from the lowest latitudes
to the highest latitudes of the country. The populations of D. mespiliformis in Guineo-Congolian
endemism center produced especially fruits with deeper endocarp and wider diameter of seeds at
the opposite to the populations of D. mespiliformis in the Sudanian endemism center. Indeed, water
availability plays often an important role in the fruiting processes and mainly in the quality of the
fruits produced by tree species (24, 22, 54). The populations of the wild fruit trees at the highest
rainfall regions or ecosystems and seasons produce often fleshier fruits than the fruits of their
conspecific trees in the driest environments (54). Thus, afforestation and reforestation programs
have to target the fruits from these populations for breeding trials to provide the highest value
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fruiting trees and fruits for regional and local trade of the fruits. The main findings contradict
recent findings from two other endemism centers (Sudanian and Sudano-Guineo-Congolian)
respectively in the northern and central part of the country where four morphotypes of D.
mespiliformis were inventoried (39). This discrepancy of the pattern of both scientific findings on
the morphotypes of D. mespiliformis throughout the country is linked to difference in the
morphological traits used in the previous research with regard to the ones of this research. Three
of the morphological or physical traits (endocarp thickness of the fruits, the length and diameter
of the seeds) used in this study were not taking into account by Gnonlonfin et al. (39) who focused
on the length and width of the leaves, the length and diameter of the fruits and the number of seeds
per fruit to determine the main morphotypes of D. mespiliformis. Furthermore, spatial variation of
ecological conditions of the populations of D. mespiliformis sampled between the Sudanian and
the Guineo-Congolian-Sudanian endemism centers created also important variation in this
difference. Indeed, both endemism centers are widely differentiated by latitudinal gradient and
rainfall pattern, vegetation types, soils types and temperature pattern (resources availability
hypothesis (24)) which are also important sources of variation of fruits quantity production pattern
throughout natural stands. Thus, the research hypothesis according to which vegetation types that
harbor the individuals of D. mespiliformis drive its fruiting biology is confirmed. Molecular
characterization of the populations of the species is required to bring out true morphotypes of D.
mespiliformis. To collect the organs of D. mespiliformis for molecular analysis, geographic
coordinates of each tree species and related samples of soils must be collected for analysis of the
effects of climatic and soils’ conditions variability on the genetic morphotypes of D. mespiliformis.

4.2 Spatial pattern of the recruitments of D. mespiliformis surrounding the mother trees
throughout vegetation types in contrasting chorological endemism centers in Benin

Overall, spatial pattern analysis of the recuitments of the populations of D. mespiliformis revealed
a lower fruits dispersal ability of the individuals of D. mespiliformis. Indeed, most of the
individuals of the recruitments of D. mespiliformis were located between 0 and 10 m radius
surrounding their mother trees with clumped distribution between 0 and 5 m radius surrounding
the mother trees. Thus, the hypothesis of repulsive behavior of the mother trees toward their
offsprings is rejected. Indeed, the weight of the seeds and the height of the mother trees play
important roles in the spatial distribution of the individuals of their recruitment (55). Heavy seeds
are less so far dispersed from the mother trees in the absence of dispersers agents such as mega-
frugivorous (1, 7). Higher dispersal ability allows often to the fruits and seeds to disperse so far
from mother trees and to germinate and to grow from seedlings to young trees. So far from the
mother trees, the individuals of recruitment escape from expected allelopathy behavior of some
mother trees and also from the negative conspecific trees interaction behaviors for nutrients over
the growth periods (2, 55).
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Habitat types and endemism centers affected the intensity of the clumped spatial pattern of the
recruitments of D. mespiliformis surrounding the mother trees with more clumped spatial patterns
in the farmlands, gallery forests, fallows and especially in the Guineo-Congolian endemism center
at the opposite to the recruitments of the populations of D. mespiliformis encountered in the sub-
humid areas in the Sudanian endemism center. Indeed, most of the seedlings of some tree species
die during dry seasons in the Sudanian endemism center. Most of the mother trees assessed were
also encountered in the national parks, where their seedlings and juveniles are often browsed by
mammalian herbivores which reduce or limit the growth of important indivuals of their
recruitments (Growth differentiation hypothesis (20)) as already indicated by other researches (56,
30).

5. CONCLUSION

Wild edible fruit trees feed both human and fauna and contribute to important part of global
domestic production of some nations. D. mespiliformis is one of these dietary tree species largely
distributed from the lowest latitudes to the highest ones in Benin republic. D. mespiliformis fruiting
was lower at the highest latitudes and varied differently across vegetation types. Any increase of
the height and the crown diameter of the individuals of D. mespiliformis induces significant
increasing fruiting capacity of the individuals of D. mespiliformis and the effect was specific to
chorological endemism centers. D. mespiliformis has lower dispersal capacity with clumped
indiviuals of recruitment surrounding the mother trees in the radius of 5 m. The populations of D.
mespiliformis are subdivided in three morphotypes with the populations of the fleshiest fruits and
widest seeds located in the Guineo-Congolian endemism center. Future researches have to address
nutritional and pharmacological properties of the fruits and other organs of D. mespiliformis.
Breeding researches are also required.
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