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ABSTRACT

Structural changes in secondary forests are less known in West Africa, and this precludes their
management. This study aims at providing quantitative information on floristic composition and structure of
the Lama secondary forests (Benin), so as to contribute to their restoration, and fill part of knowledge gaps on
West African secondary forests. Data of 77 permanent plots each of 0.5 ha were used to analyze the floristic
composition, the trajectory of the recovery and the recovery of stocking in these forests, compared to nearby
old-growth forests. The results showed that the forests were less diversified with few species very common in
the forest stands; the most dominant were Lonchocarpus sericeus and Anogeissus leiocarpa in the secondary
forests, and Dialium guineense, Diospyros mespiliformis and Afzelia africana in the old-growth forests. The
secondary forests hold more species than the mature ones. Their compositions will recover that of the original
forest because species of the original forest were actively regenerating in the secondary forests. About 28 years
after recovery, large trees were insufficient and basal area was about 60% of those of the mature forests.
Further studies are needed to elucidate barriers to tree regeneration and dynamics of tree population.
© 2016 International Formulae Group. All rights reserved.
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INTRODUCTION

Secondary forests are increasingly a
major part of forest ecosystems because of
forest degradation which have exceeded 5
millions of hectares per year in the world and
about 3.5 millions of hectare per year in
Africa (FAO, 2011). Their management is
essential to enhance recovery and sustain their
utilization, but the critical information that
will guide that management is lacking. In
particular in West Africa, few studies have
predicted the successionnal processes of
secondary forests.

African  secondary forests came
generally from long term conversion of large
areas by human activities. Traditional shifting
cultivations, pastures, and other land uses that
completely and repeatedly
vegetations, are the main threats to the
biodiversity and the structure of the forests
(Guariguata and Osterstag, 2001; Ganglo,
2004; Ganglo and de Foucault, 2006).
Secondary forests could recover richness in
few decades after abandonment, but the
recovery of species composition may be slow
due to the slow turnover rate of canopy
species (Finegan, 1996). The differences in
species composition and structure of the
secondary forests are linked to several factors:
the type of forest disturbed, the type and
intensity of disturbances, local site factors,
existence of propagules sources, species life-

remove

history and age since abandonment
(Guariguata and Osterstag, 2001; Ayingweu,
2004).

It was suggested that secondary

successions may follow a predictable pathway
to the same end point (Adler and Lauenroth,
2003). However, floristic changes in
secondary are not always
directional or predictable, but many pathways
could lead to a range of mature forest types
than a single stable end point (Gleason, 1926;
Chazdon et al., 2007). For shifting agriculture
in particular, characterized by abandonment of
depleted land and clearing of nearby site, a

successions
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mosaic of secondary forest with different
composition and ages could be observed
(Ayingweu, 2004); whether they will follow a
unique pathway towards the original forest or
not need to be tested through long term
studies (Chazdon et al., 2007). “Space-for-
time” analyses have been used to reconstitute
temporal succession from one time spatial
sequence of forest regrowth but are
constrained by the assumption of the unique
pathway (Kassi and Decoq, 2008). However,
multivariate analyses on floristic tables, used
by that method, have shown separation
between secondary and primary forests plots
according to their floristic composition
(Makana and Thomas, 2006; Kassi and
Decoq, 2008). Each particular floristic
composition of secondary forests represents a
pathway of secondary succession, and each
particular floristic composition of mature
stand represents a probable endpoint of such
succession (Mesquita et al., 2001). Therefore,
the trajectory of recovery could be foreseen
with one time inventory data by analyzing
data on regeneration of species, saplings
density in particular, that will determine future
composition of forests (Vayreda et al., 2013)
and data on current composition in adult trees
(Mesquita et al., 2001).

Besides species compositions,
considerations about secondary forests
concerned their stocking. Scholars have

considered tree density, basal area and
diameter structures, as simple parameters to
account for the reconstitution of forest
biomass (Bonino and Araujo, 2005; Makana
and Thomas, 2006). It is expected that the
changes in tree size and density must be
linked to competition at the cost of small trees
while forest is growing (Coomes and Alen,
2007). The recovery of aboveground biomass
depends mainly on the appearance of large
trees (Brown and Lugo, 1992; Clark and
Clark, 2000) and expresses recovery of forest
functions because several progressive
phenomena, such as nutrient cycle, root
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dynamics,  recovery = of  mycorrhyzal
communities, etc. are operating until complete
recovery (Guariguata and Osterstag, 2001).
Then, the quantitative assessment of
secondary forest biomass compared to old-
growth stands provides the maximum values
to be reached thanks to management actions,
and so the gaps to be filled (Bonino and
Araujo, 2005). Knowledge about floristic
changes and stocking of secondary forests in
Benin is actually lacking and this precludes
sound recommendations on their sustainable
management. To contribute to fill that
knowledge gap, our study aimed at assessing
changes in the structure and composition of
the secondary forests of Lama, so as to
contribute to the restoration and sustainable
management of forests in Benin where forest
resource is limited and degraded (Sokpon,
1995). The following questions were
explored during our investigation: (i) Do the
secondary forests of Lama recover the
diversity of near old-growth forests? (ii) Will
these secondary forests recover the same
composition of the old-growth forest? (iii)
What is the current state of stocking of these
secondary forests?

MATERIALS AND METHODS
Study area

Our study was conducted in the natural
forest of Lama (Benin) located between 6°55'-
7°00"' N and 2°04'-2°12" E. During the 1970s,
Lama forest, in the Center and South Benin,
underwent disturbance processes, mainly due
to clearance for shifting cultivation. In 1987,
the farmers where pushed out of the forest so
that forest recovery and rehabilitation were
enabled and resulted in secondary forests
(ONAB, 2011). Currently, the natural forest
covers 4,785 ha composed of 1,900 ha of
dense semi-deciduous fragments, 296 ha of
Tectona grandis L.f. and Gmelina arborea
Roxb. plantations, and the remaining surface
include secondary forests and fallows
(ONAB, 2011). Some areas were enriched
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with Khaya senegalensis (Desr.) A.Juss.,
Khaya grandifolia C.DC., Holoptelea grandis
(Hutch.) Mildbr., Terminalia superba Engl. &

Diels, Triplochiton scleroxylon K.Schum.,

etc., and natural regenerations of some
pioneer species were assisted to enhance
recovery.

The original vegetation of Lama is
floristically composed of Dialium guineense
Willd. and Diospyros mespiliformis Hochst.
ex A.DC. old-growth forest (OGF), referred to
as OGI in this study, and of D. guineense and
Afzelia africana Sm. OGF, referred to as OG2
(Hounkpévi et al., 2011). The secondary
forests (SF) were characterized by a mosaic of
Lonchocarpus sericeus (Poir.) Kunth and
Ceiba pentandra (L.) Gaertn. forests referred
to as SF1; L. sericeus and A. leiocarpa forests
referred to as SF2; and L. sericeus and Albizia
zygia (DC.) J.F.Macbr. forests referred to as

SF3  (Assouma, 2009). Fallows were
dominated by pioneer species such as
Chromolaena  odorata  (L.) R.M.King

(Assouma, 2009; Hounkpevi et al., 2011).

The climate of the study area is
subequatorial with a mean annual rainfall of
1,124 mm. The long rainy season extends
from March to June, and the short rainy
season lasts from September to November
(ONAB, 2011). The mean annual temperature
is 27.5 °C and the annual relative humidity is
higher than 60%.The topography is almost flat
and the vertisols, “black cotton soils”, are
dominant.

Sampling design and data collection
Seventy seven 0.5 ha plots (50 m x
100 m each) were randomly set in 2010 in
representative parts of the SF as follows: 27
plots in SF1, 20 plots in SF2, and 30 plots in
SF3. The plots were separated by a minimum
distance of 50 m. Each tree with dbh > 10 cm
was numbered and marked at breast height
with red painting. The plots were inventoried
in 2010 and 2012. The data of 2012 were used
in this paper. The dbh and the total height of



A.J. GBETOHO et al. / Int. J. Biol. Chem. Sci. 10(4): 1602-1616, 2016

each marked tree were measured. Tree
regenerations (individuals with dbh < 10 cm)
were counted or measured according to their
growing stage (seedlings or saplings) in 4
quadrats of 0.01 ha within each plot. The data
of OGF came from census in two 1 ha plots
set in each OGF (Hounkpévi et al., 2011).
These plots were divided in 0.5 ha subplots
for data analysis purposes.

Data analysis
Comparison of the diversity of secondary and
of old-growth forests
Some basic diversity indices were computed
to compare the diversity of the forest:

- the mean number of species (s) per
hectare and per forest;

- the species richness (S) of each

forest;

- the number of taxonomic family (Ny)
in each forest;

- the mean Shannon’s index (A’ in bit)
of each forest; the Shannon’s index was
computed per plot by:
H = — E(%) log, (%) with ni the number

of trees of the species i in a plot, n the number
of trees of all species in the plot;

- the mean Pielou’s eveness (Eq) of
each forest; Eq was computed per plot by: Eq
H’/log,Sp where Sp is the number of
species in the plot; and

- the Fisher’s a per hectare for each

forest: Sp=aln(1 + n/o).

Analyzing secondary forests’ composition
The Importance Value Index (IVI) was

used to analyze the floristic composition of

each forest in terms of dominant and rare

species. For a species x in a given forest, the

IVI was computed as follows (Curtis and

Macintosh, 1951):

IVIx = RDx + RFx + RCx

RD, =n,/Yn, is the relative density of the

species x where n, is the number of trees of

the species in the whole forest.
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RFx = %)/E(%) is the frequency of the

species x as a proportion of the sum of the
frequencies for all species; j, is the number of
plots in which the species x was present and k
is the total number of plots. RC = C,./ Y. C,

is called the relative coverage for the species
with C, = a,N,/n,; a, is the sum of the cross-
sectional area at 1.3 m above the ground level,
expressed in m?, of all trees of the species x ;
N, is the tree-density of the species x and n, is
the total number of trees sampled for that
species. The IVI is comparable to a
percentage of a given species among all
species that composed a forest, but its value
ranges from 0 to 3 (not from 0 to 100 as for
percentage); the IVI is very relevant to
account for forest composition (Curtis and
Macintosh, 1951; Assogbadjo et al., 2009).

A Principal Component Analysis
(PCA) was performed in R software on a
matrix that contained, in the cells, the IVI of
each species in each forest to analyze
commonness and species rarity in Lama
forests.

Predicting trajectory of the recovery
Following  Steininger (2000) and
Mesquita et al. (2001), the forests of Lama
with their different floristic composition
represented the current pathways of forest
succession in the Lama forest reserve.
However, these floristic compositions were
analyzed only on the basis of adult trees.
Therefore, the saplings (1<dbh<10 cm) of
species
regenerating in the SF were first evaluated.
Then, saplings and adult trees were combined
to determine the trajectories that the
secondary forests may follow. The density of
saplings was determined per species and per

pioneer and non-pioneer canopy

1 4
plot by Nr = —Z ng , where n is the
4sq =
number of saplings of a species i, and sq, the
unit area of the regeneration plot. The means
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were computed per forest and compared using
ANOVA or Kruskall-Wallis test when the
data were not normally distributed.
Furthermore, a multi-dimensional scaling with
the ALSCAL procedure was performed in
SPSS on a matrix of number of trees (adult
trees and saplings) of each species per plot, to
cluster the plots according to their similarity.
The result of this ordination, based on the
combination of actual forest composition
(adult trees) and forest regeneration (saplings)
suggests the floristic composition (of OGF)
that Lama SF may recover.

Evaluation of stocking in the forests

To evaluate stocking, the following
parameters were computed:

- the density of tree (V) of each plot, N

= ni/n with ni and n as described above;

- the diameter (Dg) of

1 n .
plot,Dg _ /;Z 'k with di the
i=1

- diameter (in cm) of a tree 7; and
- the basal area (G) for each plot, G =

T
40000
The mean of each parameter was
computed and the forests were compared
using ANOVA test followed by the Student-
Newman-Keuls test. Then, the diameter
structure was established for each forest by
grouping the trees in 5 cm size-classes. A
regression of the density by the diameter was
performed followed by the establishment of
diameter structure for the most dominant
species of each SF. The skewness of the last
diameter structures were computed in R
software.

each

n -2
pdi.

RESULTS
Floristic diversity and composition of
secondary and old-growth forests

A total of 32 to 37 species, mainly
pioneer light-demanding, from 23 families,
were recorded in the SF (Table 1). All species
used in enrichment were found in SF1 and
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SF3. In the OGF, 15 to 19 species, mainly
shade-bearers, from 13 families, were
recorded. The mean number of species per
hectare ranged between 11 and 16. All species
recorded in OGF, except Cynometra
megalophylla Harms (Leguminosae-
Caesalpinioideae), were also recorded in the
SF. There was no clear trend for the Fisher’s
alpha (2.30-3.50) from SF to OGF; the highest
values were recorded in SF3 followed by
OG1. In SF3, there was an abundance of
enrichment species, and in OGI1, it was
recorded many trees of pioneer species. H’
and E were respectively lower than 2 bits and
0.5 for SF1 and SF3, but higher than 2 bits
and 0.5 for SF2 and the OGF (Table 1).

The analysis of Figure 1 showed that
the axis 1 was linked to the importance value
of the species in the forests while axis 2 was
linked to the type of forest. This Figure 1
showed that the floristic compositions of SF
were different from those of OGF. For SF, the
most characteristics species were L. sericeus
(Leguminosae-Papilionoideae), A. leiocarpa

(Combretaceae), C. pentandra
(Bombacaceae), A. zygia (Leguminosae-
Mimosoideae), Ficus exasperata  Vahl

(Moraceae) and Ficus sur Forssk. (Moraceae).
The most characteristics species of OGF were

D. guineense (Leguminosae-
Caesalpinioideae), D. mespiliformis
(Ebenaceae), A. africana (Leguminosae-
Caesalpinioideae),  Drypetes  floribunda
(Mill.Arg.) Hutch. (Euphorbiaceae), Celtis
brownii Rendle (Celtidaceae), Mimusops
andongensis  Hiern.  (Sapotaceae), and

Lecaniodiscus cupanioides Planch. Ex Benth.
(Sapindaceae) (Figure 1). The other species
were rare.

In SF1 and SF3, L. sericeus (IVI =
1.15-1.56) was the most dominant species,
associated to C. pentandra, A. zygia and Ficus
spp., very common in these forests (Table 2).
In SF2, A. leiocarpa (IVI = 1.12) was the
most abundant, associated to L. sericeus, C.
pentandra, A. zygia and Ficus spp. The whole
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IVI of species used in enrichment was the
highest in SF3. In OGF, D. guineense was the
most important (IVI = 0.82-0.87) but the IVI
of D. A. africana, D.
floribunda, C. brownii and M. andongensis
were relatively high. In OGl, A4. leiocarpa, L.
sericeus and A. zygia were relatively abundant
(overall IVI = 0.42). Overall, the forests were
dominated by the Leguminosae family (>
50%) along with the Bombacaceac and
Moraceae families in SF and the Ebenaceae,
Celtidaceae, Euphorbiaceae, and Sapotaceae
families in OGF.

mespiliformis,

Trajectory of forest recovery

The densities of saplings in the forests
are presented in the Table 3. In this table, only
saplings of the most regenerating canopy
species and species used in enrichment were
presented. The densities of the pioneer species
did not vary significantly in the forests (p >
0.05). There were 18 and 32 saplings.ha™ for
L. sericeus while saplings of C. pentandra, A.
zygia, and A. leiocarpa occurred at low
density (< 5 saplings.ha'l) in SF (Table 3).
The saplings of A. leiocarpa and L. sericeus
were relatively abundant in OG1 and rare in
OG2. There was a lack of saplings for A.
africana in SF and also in OG2. The density
of saplings of D. guineense was very low in
SF (3-22 saplings.ha™) compared to OGF
(>113 saplings.ha™). The same observation
applied for D. mespiliformis but the gap was
not as high as for D. guineense. The densities
of these two species are increasing through the
SF (SF2 > SF1 > SF3). Saplings of Khaya spp
and Holoptelea grandis (introduced species in
Lama) were mostly abundant in SF3 and
OG1. Saplings of K. senegalensis in SF1 and
SF3 (15-39 saplings.ha™") were more abundant
than those of D. guineense and D.
mespiliformis (3-14 saplings.ha™) in the same
forests.

The result of the multidimensional
scaling on the number of trees and saplings of
each species in the forests is presented on
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Figure 2. The two axes were more linked to
the composition of the forests. The first axis
discriminated L. sericeus dominated forests,
characterized by SF1 and SF3 plots mixed at
the right part of this axis, from SF2 and OGF
plots at the left part of the same axis where L.
sericeus trees were not dominant. The plots of
SF2 were divided in two groups. The SF2-1
group was constituted by plots only
dominated by A. leiocarpa. In these plots, L.
sericeus’ individuals were scarce. Some plots
of SF2 were closed to SF1-SF3 group as these
plots were characterized by a codominance of
A. leiocarpa and L. sericeus. The axis 2
opposed SF2 plots where A. leiocarpa was
dominant to those of OGF where old-growth
species were dominant. All OGF plots were
grouped at the left part of the factor map,
upward axis 2. Only D. guineense and D.
mespiliformis had relatively good regeneration
in the SF. Then, the composition of the SF is
likely to evolve to the composition of OGF.
However, the next stage of SF1 and SF3 may
be modified by the presence of enrichment
species, in particular K. senegalensis.

Comparison of structural attributes
according to forest stage of development

The mean density decreased while the
mean diameter increased from SF to OGF
(Table 3). The mean density was highest in
SF1 and SF2 (>298 trees.ha™"), intermediate in
the OGF and lowest in SF3 (244 trees/ha™).
The diameter was highest 0G2,
intermediate in OG1 and SF2, and lowest in
SF1 and SF3. The relationship between
diameter and density in the SF was significant
but the prediction value was weak (p < 0.000,
r-sq = 48%) (Figure 2). There was no
significant difference between basal area of
OG]1 and the SF, but the basal area of the OG2
was the highest; the SF accounted for less
than 62% of the basal area of OG2.

The comparison of diameter structures
(Figures 4a-e) revealed that SF1 (Figure 4a)
and SF3 (Figure 4c) had the same structure

in
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x> = 3.156, p = 0.676), while the other

forests were characterized by different shapes.
Trees with dbh < 35 cm were abundant in the
SF while those with dbh > 35 cm were

abundant in the OGF, especially in OG2 (')(2 =
121.003, p = 0.000). The density of trees in

the first classes of diameter was decreasing in
the populations of the dominant species in
secondary forests; therefore their diameter
distributions were left skewed (Figures 4f, 4g,
4h). The diameter structure of A. leiocarpa
was bell-shaped, while those of L. sericeus
showed some deficits of trees in the first class.

Table 1: Floristic diversity of trees with dbh > 10 cm in Lama forests.

Parameters SF1 SF2 SF3 0G1 O0G2
s (ha™) 12 13 16 14 11
S 37 32 36 19 15
Ng 22 20 23 13 9
H'(bits) 1.22 201 1.89 261 242
Eq 0.341 0.538  0.473 0.697 0.710
Fisher’s o 2.36 298 350 320 230

s = number of species sampled per hectare; S = species richness of the whole forest; Ny = the number of taxonomic families,
H'’= Shannon index, Eg = Pielou’s eveness; SF1: Secondary Forest of L. sericeus and C. pentandra; SF2: Secondary Forest of
L. sericeus and A. leiocarpa; SF3: Secondary Forest of L. sericeus and A. zygia; OG1: Old-growth forest of D. guineense and
D. mespiliformis; OG2: Old-growth forest of D. guineense and A. africana.

Table 2: Importance value index of species in secondary and old-growth forests of Lama.

Parameters SF1 SF2 SF3 0OGl1 O0G2
L. sericeus 1.56 032 115 0.18 0.03
C. pentandra 037 036 0.29 0.06 0.14
A. zygia 0.18 0.16 0.38 0.10 0.00
Ficus spp 0.13 0.03 0.22 0.00 0.00
D. mespiliformis 0.08 0.09 010 051 0.56
D. guineense 0.05 0.12 0.07 0.89 0.87
A. africana 0.03 0.02 0.03 024 045
A. leiocarpa 0.03 112 0.01 014 0.00
C. brownii 0.02 0.00 0.00 0.6 0.21
D. rotundifolia 0.02 0.11 0.05 0.06 0.00
M. andongensis 0.02 0.00 0.02 0.19 0.20
D. floribunda 0.00 0.07 0.01 011 0.28
K. senegalensis 0.05 0.01 0.2 0.00 0.00

0.02 0.00 0.13 0.00 0.00

Others enrichment species

Only species with IVI > 0.01were presented in this table. SF2: Secondary Forest of L. sericeus and A. leiocarpa; SF3:
Secondary Forest of L. sericeus and A4. zygia; OG1: Old-growth forest of D. guineense and D. mespiliformis; OG2: Old-

growth forest of D. guineense and A. africana.
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Table 3: Regeneration densities of main pioneer, non-pioneer and enrichment species in SF and

OGF

SF1: Secondary Forest of L. sericeus and C. pentandra; SF2: Secondary Forest of L. sericeus and A. leiocarpa; SF3:
Secondary Forest of L. sericeus and A4. zygia; OG1: Old-growth forest of D. guineense and D. mespiliformis; OG2: Old-
growth forest of D. guineense and A. africana. For a species, values followed by the same letter are not significantly different
atp=0.05;a<b<c

A.J. GBETOHO et al. / Int. J. Biol. Chem. Sci. 10(4): 1602-1616, 2016

Species SF1  SF2 SF3 OG1 OG2 Prob.
A. zygia 0 5 1 0 0 0.051
A. leiocarpa 0 5 2 13 0 0.094
C. pentandra 3 3 1 0 0 0.689
L. sericeus 32 18 25 25 6 0303
A. Africana 0 0 0 31b 6a 0.000
D. guineense 14ab  22b 3a  188c 113c 0.000
D. mespiliformis 8a 26ab 6a 38 31b 0.005
H. grandis 9 0 17 0 0 0.051
K. grandifolia 1 0 8 25 0 0.243
K. senegalensis 15a 3a 39ab 3lab 0 0.011

Table 4: Structural characteristics of Lama forests.

N (trees.ha™) Dg (cm) G(m2.ha™)

Mean CV% Mean CV% Mean CV%
SF1 312b 18.7 22.9a 12.54 12.56a 17.30
SF2 244a 203 26.0ab 9.93 12.63a 2581
SF3 298b 18.8 23.6a 9.27 13.28a  20.67
0Gl1 229ab 47.7 28.2ab 12.35 13.79a  36.56
0G2 270ab 17.54 31.9¢ 8.42 21.20b 8.79
Prob. 0.002 - 0.000 0.000

N = density; G = basal area; Dg = mean diameter; CV = coefficient of variation; Values followed by the same letters in the

same column are not significantly different at p=0.05;a<b<c
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Figure 1: Floristic composition of Lama secondary and old-growth forests.

Afaf = A. afiicana, Alzy = A. zygia, Anle = A. leiocarpa, Cebr = C. brownii, Cepe=C. pentandra, Digu = D. guineense,
Dime = D. mespiliformis, Drfl = D. floribunda, Fisp = Ficus spp, Lecu = Lecaniodiscus cupanioides; Losu=L. sericeus, Mian
SF1: Secondary Forest of L. sericeus and C. pentandra; SF2: Secondary Forest of L. sericeus and A.
leiocarpa; SF3: Secondary Forest of L. sericeus and A. zygia; OG1: Old-growth forest of D. guineense and D. mespiliformis;
OG2: Old-growth forest of D. guineense and A. africana.

= M. andongensis.

1609




A.J. GBETOHO et al. / Int. J. Biol. Chem. Sci. 10(4): 1602-1616, 2016

44
g pi7 SF1
1+ PES P51 p13
4" pa® P'*'L:P@,P’U P22
0o, P15P1
[69..9 PG
[} P41 P43
: Lk
b %3 TV PE
wn
i P3EP44 O
L]
E 1
(]
.2
-3
I ] T T T

-3 -2 -1 o 1 2

Dimension 1

Figure 2: Analysis of the trajectory of recovery in SF.
SF1: Secondary Forest of L. sericeus and C. pentandra; SF2: Secondary Forest of L. sericeus and A. leiocarpa; SF3:

Secondary Forest of L. sericeus and A. zygia; OG1: Old-growth forest of D. guineense and D. mespiliformis; OG2: Old-
growth forest of D. guineense and A. africana

LogN
24 25 28
!

23

22

T T T T T T
1.25 1.30 1.35 1.40 1.45 1.50

LogDg

Figure 3: Evolution of density according to tree-growth.
N= density, Dg = mean diameter but LogN=4.49 — 1.48LogDg

1610



A.J. GBETOHO et al. / Int. J. Biol. Chem. Sci. 10(4): 1602-1616, 2016

SF2

100 -

T T T T T T
Scooc oo oo
S ®ED W F AA =

(eyysoan) Ksuaq

SF1

100 1

s B e S L
Soo oo oo oo
S H®E DWW F A —

(ey/soam) Aysuaq

Op™

O
/4 /«ﬂ\e
9 /Qb
09 ww,
%%/Q%
Qhw‘v

$p /ev

e

L € ,Qm,

O¢ WN
Se /bn«
0 /%N

Y3 /Q\

dbh classes (cm)

dbh classes (cm)

0G1

100 A

—r T T T T T
Scooc oo oo 0o
S H®E=B W F A —

(ey/seam) Ansuo(q

SF3

100 -

coo oo oo
S ®ET W F AA =

(eyysaam) Asuaq

Y

Oc~

O

O¢ /hu
9 /Qb
09 ww,
e /eh
O¢ Wv
S ,Qv
Op /hh
Se /QM,
O¢ w,A
24
R4
s ,Q\

O

O¢ w‘b
9 /Qu

09 W.ﬂ

%%/Q.ﬂ

Q.ﬂ/%v
o~
14 0

Oy ww

| € 0e

&

| 20

QN/.Q
kY4 /QN

dbh classes (cm)

dbh classes (cm)

SF1
Lonchocarpus sericeus
skewness

0.89

/4 /%b

09. ce

ww./e,ﬁ

O¢ W/v

HV/QV

0p /h%

e

O¢ /hw

& /QN

0 /%\

kYs /Q\

100 1

e e e
o o O O o o o O
X >~ O v N A —

90 1

(ey/soon) Ausuag

0G2

(=]

O
| %5

So~
| b@
| %%
So~
L h&,

| %%

1%/\/
| \,Qv

| e

R

RS
RS
| %y

kY3 /S

100 -

T T T T T T
S o oo oo oo
SR SRR S B

(ey/soon) Ansuaq

dbh classes (cm)

dbh classes (cm)

SF3
Lonchocarpus sericeus

Skewness =0.91

O¢

S¢

O¢

Sk

4

100 ~

90 A

=3
5}

— T T
S o O Qo o0 o oo
S O v N A —

(ey/soam) Ausuoq

Anogeissus leiocarpa

0.69

Skewness

(ey/seon) Ansuag

K
e
g

~

¢

~

o

dbh classes (cm)

Diameter structures of SF, OGF and the pioneer species with the highest IVI in SF.

dbh classes (cm)

Figure 4
SF1: Secondary Forest of L. sericeus and C. pentandra; SF2: Secondary Forest of L. sericeus and A. leiocarpa; SF3:

Secondary Forest of L. sericeus and A. zygia; OG1: Old-growth forest of D. guineense and D. mespiliformis; OG2: Old-

growth forest of D. guineense and A. africana; s = Skewness.

1611



A.J. GBETOHO et al. / Int. J. Biol. Chem. Sci. 10(4): 1602-1616, 2016

DISCUSSION
Secondary forests of Lama recover species
richness, not species composition

The forests of Lama share almost the
same species: few species were common at all
stages of vegetation and the others were rare.
All species found in SF were also recorded in
the OGF except Cynometra megalophylla
which occurs near ponds in the Lama forest
reserve (ONAB, 2011), and Cedrella odorata
an exotic species introduced in the forests.
However, the Fisher’s o values were too low
to state that there were many rare species.
Indeed, the Fisher’s o gave importance to rare
species (Magurran, 2004). The value was
highest in SF3 due to enrichment species. The
number of species recorded in the SF is higher
than those of OGF. They are composed of a
mix of pioneer light-demanding species of the
early successionnal stages of vegetation, and
shade-tolerant ~ species  of  the late
developmental stages. Therefore, the Lama SF
recovers the diversity of the OGF. In well
diversified forests of Central Africa, Kenfack
et al. (2007) and Gourlet-Fleury et al. (2012)
found Fisher’s a > 30 and this corresponded to
richness of more than 87 species ha against
12 to 16 species ha' in Lama forest.
Moreover, in the highlands of Lebialem
(Bangang forest, Western Cameroun), a 48 to
72 species per ha and a maximal diversity
(2.97 < H’ < 5.80 bits and 0.52 < Eq < 0.96)
was observed by Tiokeng et al. (2015).
Therefore Lama forests are less diversified
than those of Central Africa. Higher diversity,
in less-disturbed vegetation, is determined by
niche variability and therefore the variability
of biotic and abiotic factors favorable to the
development of several species (Tiokeng et
al., 2015). Among the abiotic factors, soil
properties affected the establishment of tree
species (Olatunji et al., 2015), and it may be
the case due to the vertisols (black-cotton ill
drained soil) in Lama forest. In SF, our results
support those of Makana and Thomas (2006)
who also observed good recovery of the
diversity of SF in Ituri (Democratic Republic
of Congo) because of edge effects, relatively
low diversity of the primary forests, and the
age since abandonment.

Two main types of SF were identified:
the L. sericeus dominated forests (SF1 and
SF3), and the 4. leiocarpa dominated forests
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(SF2). SF1 and SF3 were found in very
flooded areas during rainy seasons while SF2,
were mostly located at upslope in less
hydromorphic areas. Indeed, A. leiocarpa is a
sudano-guinean species, found in dry forests,
savannahs and forest galleries (Couteron and
Kokou, 1997; Miiller and Wittig, 2002).
Therefore, the confinement of A. leiocarpa to
SF2, though its great dispersal abilities
(Anemochorous species), may stem from
ecology. Indeed, the settlement of a species in
a forest area, depends on its dispersal abilities
and ecology (Comita et al., 2007).

Though the presence of OGF species
(D. guineense, D. mespiliformis and A.
africana), the composition of SF were very
different from that of OGF. In Ituri forests, the
OGF’s vegetation showed different features
dominated by several species (Makana and
Thomas, 2006). That is not the case for Lama
forests with its particular floristic composition
dominated by D. guineense, D. mespiliformis
and A. africana.

All species of OGF, and therefore all
functional groups of OGF species, were found
in SF. Pena-Claros (2003) and Breugel et al.
(2008) also found, respectively in Bolivia and
Mexico, that all functional groups (including
shade-tolerant) were present in secondary
forests. These authors assume that species
assemblages in these secondary forests were
consistent ~with the  ‘initial  floristic
composition model’. According to the ‘initial
floristic composition model’, all species
arrived in the stand at the beginning of forest
recovery, but have different abundances
according to the stage of succession, in terms
of age of the forest (Egler, 1954; Sheil, 1999).
The opposite is the relay floristic model where
species arrived in the forest by waves during
forests succession (Egler, 1954; Sheil, 1999).
In the initial floristic composition model, after
canopy closure, shade-tolerant species are
favored and therefore the evolution of forests
to old-growth stages is enhanced (Pena-
Claros, 2003; Breugel et al., 2008). Species
assemblages in Lama secondary forests
corresponded more to that model.

Species compositions may evolve towards
those of old-growth forests

The ordination of SF plots highlighted
two main pathways: a pathway represented by
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L. sericeus dominated forests (SF1 and SF3),
and the second pathway represented by A4.
leiocarpa dominated forests (SF2-1, Figure
1b). However, the SF2-1 group (Figure 1b)
could be considered as a third pathway where
there was a codominance of A. leiocarpa and
L. sericeus. This third pathway may be related
to edge effects for plots located in SF2 at
frontier with SF1 or SF3. Steininger (2000)
and Mesquita et al. (2001), also identified in
Amazon  secondary  forests,  different
pathways, each characterized by a dominance
of a particular pioneer species, due to past
disturbances or ecological characteristics. The

OGF represented a unique pathway
characterized by a  dominance  of
D. guineense.

The pioneer species had weak

regenerations in the forests; A. leiocarpa in
particular failed to regenerate and to recruit
with a bell-shaped diameter distribution in
SF2. The regeneration of the light demanding
species in the secondary forests is constrained
by the availability of light. Indeed, pioneer
species failed to recruit under their own shade
(Bonino and Araujo, 2005). The notion of
‘own shade’ means both effects of reduction
of light and intraspecific competition between
trees that leads to density-dependent
regeneration, recruitment and mortality
(Comita et al., 2010). D. guineense and D.
mespiliformis were the main OGF species
regenerating in the SF while A. afiicana had a
problem of regeneration in the SF. The
importance of light demanding species in
OG1 is due to logging history of targeted trees
of the forests in the past. Gourlet-Fleury et al.
(2012) reported that the importance of pioneer
species in M’Baiki primary forest increases
with the degree of disturbance (logging and
thinning > logging > no disturbance). During
the past logging in Lama forest, trees of A.
africana, D.  mespiliformis  and  C.
pentandra... were exploited selectively for
commercial  purposes.  Therefore, the
regeneration of OGF species in OG1 was
more important, even not significantly higher
than that of OG2, because it increases with the
availability of light. Makana and Thomas
(2006) reported good timber regeneration of
both OGF and SF species in Ituri secondary
forests (Democratic Republic of Congo) after
clearance in contrary to the low regeneration
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in Lama forest. The combined effect of light
availability, invasion by C. odorata and
flooding could explain the low regeneration
noted in Lama forest.

In the initial floristic composition
model, after canopy closure, pioneer species
failed to recruit, so that shade-tolerant species
become more abundant and the evolution of
forests to old-growth stages is enhanced
(Pena-Claros, 2003; Breugel et al., 2008).
Therefore, the composition of SF is likely to
evolve to a D. guineense and D. mespiliformis
dominated forest. Regeneration, recruitment,
mortality, and longevity of pioneer species
determined the rate of conversion of SF to
OGF, as demonstrated by Steininger (2000)
and Mesquita et al. (2001). Also, the
introduction of K. senegalensis, very abundant
in SF3, may alter the future composition of
SF3. Ongoing long-term studies conducted in
the Lama secondary forests will provide more
information about the future composition of
these forests.

Stocking was far from the OGF’s values
due to dominance of small pioneer species

Correlation between the SF’s structural
attributes and their age are not always linear
(Chazdon et al, 2007; Kassi N’Dja and
Decocq, 2008). The basal areas of Lama SF
represented less than 62% of that of OGF.
Similar values were found by Pena-Claros
(2003) in Bolivia, and Pascarella et al. (2000)
for 25 to 30 years of regrowth in Puerto Rico.
The basal area and the diameter of OG1 were
low maybe because of past-logging. The basal
areas and densities of Lama OGF were less
than those of the semi deciduous forest of
Central Africa (Kenfack et al., 2007; Gourlet-
Fleury et al, 2012) and suggested a low
stocking of that forest.

The SF of Lama were characterized by
abundance of young trees of 10-30 cm dbh,
while trees with dbh > 35 cm were abundant
in OGF. The difference in basal area between
the forests may be supported by the
accumulation of trees with dbh > 35 cm in
OGF. Therefore, silvicultural actions must be
carried out in order to enhance the
accumulation of these trees in SF. Deficit in
the first classes of dominant light-demanding
species, L. sericeus and A. leiocarpa,
suggested that their structure will evolve to
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bell-shaped curve. Y&houénou-Tessi et al.
(2012) and Agbangla et al. (2015) reported
similar structures for light-demanding species,
respectively in Itchédeé, Bonou and Niaouli
forests in South Benin. However, Assogbadjo
et al. (2009) and Sanon et al. (2015) have
reported  J-reversed shape and good
regeneration for A. leiocarpa in open forests.
Intraspecific competition for light and
nutrients at the expenses of small trees
(Coomes and Alen, 2008), recruitment of trees
in the upper diameter classes, and dispersal
barriers of seeds could explain the observed
structures. We can also assume that tree
growth, expressed by diameter increase, lead
to mortality of young trees and decrease in
density. Conspecific  density-dependent
mortality could also explain the low stocking
of Lama forest (Uriarte et al., 2004). The
relationship between diameter and tree density
did not have great predictive power because
all SF plots were mixed, but were constituted
by species with their own dynamic. The
analysis must be done using long term data for
each secondary forest. The long term analysis
is also the most suitable to determine the
developmental phases of the forest (Coome
and Alen, 2008). However, competition to the
detriment of young trees  suggests
accumulation of large trees which is
consistent with progressive evolution.
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