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Abstract: The diversity and structure of plant communities are valuable indicators for assessing
landscape quality. Land-use change is one of the main factors considered to affect and have the
strongest impacts on biodiversity. In this study, we assessed the effects of the conversion of tropical
dry forests and savannahs into agricultural lands on the floral diversity and the structure of the
vegetation. For this purpose, we carried out vegetation surveys in 198 plots of 50 m × 50 m. Within
each plot, we documented all herbaceous, shrubby, and tree species present. We calculated total,
spatial, and local floral diversities by land-use types and characterized the structure of the plant
communities. Our results show that the overall floral diversity of the study area remains quite high
(483 species of vascular plants from 298 genera and 71 families) and was not strongly impacted by
agricultural land use (Pareto inequality index is 23–77). Croplands had the highest spatial (9.4) and
local diversities. There was no significant difference between the land-use types in terms of the native
species richness while croplands harbored significantly the most alien species. Agricultural land
use significantly affected the structure of the plant communities. Trees are very rare in croplands
and are frequent in forests and savannahs. The clearing of Guinean dry forests and savannahs for
cropping did not automatically lead to a loss of some aspects of ordinary floral diversity. For a better
understanding of the effects of land-use change on biodiversity, it would then be more suitable to
specify in the studies whether the species concerned are native, alien, generalist, or specialist.

Keywords: Agriculture; biodiversity; plant community structure; alien species; vegetation changes; Togo

1. Introduction

Biodiversity is a fundamental characteristic of the biosphere through the many services
it provides. In the face of multiple assessments and reports documenting the huge loss of
biodiversity, the preservation of biodiversity is one of the greatest environmental concerns
of the century. Indeed, the current rate of extinction of species is at an “unprecedented”
level and is expected to increase during the Anthropocene [1–3]. According to [2], 39% of
all vascular plant species would be threatened with extinction.

Land-use change is one of the main drivers affecting and having the strongest impact
on global biodiversity [1,4]. Over the last millennium, almost three-quarters of the Earth’s
land surface has been modified by human activities [5]. In the current context of the
biodiversity crisis, understanding the vegetation change under the effect of human activities
has become a major challenge for ecology [6]. The understanding of human-mediated
vegetation change should make it possible to identify risks associated with certain human
activities (agricultural practices, introduction, and use of exotic plants), direct public policies
towards more sustainable management practices, and establish scenarios for the future.
Indeed, the clearing of natural landscapes for agriculture can significantly reduce the native
biodiversity [7–9] and promote alien species that can spread and become invasive [10,11].
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And yet, the link between species invasions and the extinction of native species is widely
accepted, although the effects of alien plant invasions on the native plant species extinction
are much less clear [12]. Some studies had also demonstrated that agricultural land use, by
promoting other species, does not inevitably lead to a loss of local biodiversity [13].

In tropical West Africa, landscape change is mainly due to the development of exten-
sive agriculture and deforestation [14,15]. In particular, semi-natural habitats—savannahs
and forests within protected areas—are increasingly being cleared to accommodate food
crops, Teak, and Palm plantations [16,17]. It is becoming necessary to implement more sus-
tainable management practices that meet the needs of populations while limiting potential
impacts on biodiversity.

As in other West African countries, semi-natural habitats in Togo are undergoing
significant changes due to human activities such as agricultural expansion, illegal logging,
and incursions into protected areas [18–20]. Over the last five decades, like in other West
African countries, the Togodo Protected Area (TPA) in south-eastern Togo—whose primary
purpose is biodiversity conservation—and surrounding areas underwent notable land-use
and land cover changes [21]. Croplands, fallows, and teak or oil palm plantations were
established at the expense of dry forests and savannahs. However, the effects of these
land-use changes on the structure and floral diversity of plant communities in and around
the Togodo protected area are still poorly understood.

Based on the aforementioned, this study aims to provide insights into how different
land-use types affect the total floral diversity and plant communities’ heterogeneity; (2) the
spatial and local floral diversities; and (3) the structure of plant formations. To that end, we
compared floral diversities, native and exotic species richness, and the structure of plant
communities between land-use types.

We hypothesized that, in and around the Togodo protected area, the conversion of
forests and savannahs into agricultural land uses would affect the floral diversities and
would have a characterizable influence on the vegetation structure.

2. Materials and Methods
2.1. Materials: The Study Area and Sampling
2.1.1. Study Area

The study area is located in south-eastern Togo (Figure 1), administratively straddling
the prefectures of Haho in the north (plateau region) and Yoto in the south (maritime
region). Geographically, it lies between 6◦39′ and 7◦0′ northern latitudes and between 1◦14′

and 1◦37′ eastern longitudes, covering an area of 1193 sq. km. It is established around
the Togodo Protected Area, with the Asrama and Tététou classified forests in the north
and the Godjé-Godjin sacred forest and the Afito ponds in the south. These ecosystems
contain a rich diversity of plants and animals, including endangered species on the IUCN
Red List [22].

The climate of the survey area is sub-equatorial or Guinean [23] with two rainy seasons,
a large one from March to July (maximum in June) and a small one from August to October.
The annual thermal amplitude varies a little. The average annual rainfall at the Tabligbo
station, the closest to the study area, calculated over a series of 49 years of observations [24]
is about 1061 mm with a standard deviation of 142 mm [21].

Consistent with the framework of [25], the temporal scale of the changes and the size
make the Togodo protected area and surroundings a suitable area to analyze the effect
of land-use changes on vegetation changes. Indeed, vegetation changes are the result of
interactions between several drivers that operate at varying temporal and spatial scales [26].
However, at each of these scales, there is one factor that is a priori dominant. [25] proposed
framework highlights the spatial scales at which the underlying drivers of vegetation
change act and the temporal scale at which plant communities respond. According to that
framework, at an intermediate spatial scale, the vegetation changes on a multi-decadal
scale are mainly related to land-use changes caused by human activities [6,25].
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Figure 1. Location map of the Togodo protected area and its surroundings in southeastern Togo.

2.1.2. Stratified Sampling

Data collection was carried out in November 2017. The sampling design of the vegeta-
tion survey was stratified [27]. The stratified sampling is well adapted to the discontinuous
structures of the mosaic landscapes and for the studies of the relationships between vegeta-
tion and ecological descriptors [28].

The study area was then divided into several strata which are slightly heterogeneous
based on the selected land-use map variables. The survey sites were selected based on
land uses of 2016, land-use change trajectories identified between 1974, 1986, 2003, and
2016 [21]. In the framework of this study, we tried to consider, in a synchronic approach,
the evolution over time of the ecosystems in the study area. Considering the trajectories of
land-use change, the sampling was done in a way to have recently disturbed croplands,
less recently disturbed fallows, and very few disturbed forests and savannahs. In addition
to land uses, we distributed the plots to cover a range of the main bedrock types (Figure 2)
based on an existing geological map [29].

A total of 12 blocks of 2 km× 2 km were surveyed (Figure 2). The conventional surface
survey method [30–33] was used for data collection. Within each block, 50 m × 50 m
(0.25 ha) survey plots were installed every 200 m along 2 km north-south and east-west
transects (Figure 3) to cover most of the floral and ecological diversity [34,35]. The plots,
whose center coordinates were previously recorded, were located using the GARMIN 64S
GPS. We carried out phytosociological and ecological surveys on 198 plots. We noted
all the plant species present per stratum (herbaceous, shrubby, and woody) with their
abundance-dominance index according to the Braun-Blanquet index [36].
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For each plot, we recorded other information such as the types of land uses (CH:
croplands, FO: forests, HA: home gardens, JC: fallows, PA: palm oil plantations, SA:
savannahs, and TK: teak plantations) and the degree of plant formation closure. The degree
was noted according to whether one can run or walk through it (1: very low closure, can
be run through, 2: low or medium closure, can be walked through, and 3: high closure,
requires a cutlass to make a path through).

The determination of species names was based on the analytical flora of Togo [37]
and the analytical flora of Benin [38]. Plant species whose identification was confusing in
the field were photographed or collected to ensure their determination at the Laboratoire
de Botanique et Écologie Végétale of the University of Lomé (Togo). To standardize
species names, the taxonomy of “The Plant List” (version 1.1; http://www.theplantlist.org)
(accessed on 13 December 2021) was used (i.e., synonyms were replaced by accepted
scientific names) using the R package Taxonstand [39]. Families according to the APG
III nomenclature were determined using the getTaxonomy function of the R BIOMASS
package [40].

2.2. Methods: Data Analysis
2.2.1. Total, Spatial, and Local Floral Diversities

To assess the floral diversity in the whole study area and each land-use type, we
calculated, with Brillouin’s index, the total diversity—diversity of all surveys in the study
area, which is the equivalent of the classical gamma diversity—the spatial diversity (beta)-
diversity of all surveys in each land-use type—and the local diversity (alpha) of each
survey [41]. According to [42], the Shannon index, an approximation of diversity is based
on estimated probabilities corresponding to relative frequencies calculated in a universe
of infinite size, which is not the case in ecology. Thus, based on the identified biases, [43]
recommended that the use of the Shannon index be discontinued as a basis for assessing
diversity in ecological research. Nevertheless, to allow a comparison of our results with
other studies, we also calculated the local diversity of each survey using the Shannon index.

Brillouin’s formula, which is based on Fisher’s exact probabilities [44,45], does not
suffer from any estimation bias [46]. The Brillouin index [46–48], enables the calculation of
biodiversity indices, including total, spatial and local diversity. The Brillouin index is given
by Equation (1):

B = (1/N)× log2(N!/ ∏s
1 ni!) (1)

B is in Binons “the unity of B is the binon” or Shannon (International Information
Unit), where

S = species richness (number of species identified in the survey),
N = total survey number (sum of absolute frequencies of all species), such as in

Equation (2),

N =
S

∑
i=1

ni (2)

ni = abundance (number of occurrences, absolute frequency) of species, such as in Equation (3)
ni! = factor of ni

ni = 1× 2× 3× . . .× ni (3)

For the calculation of the floral diversities from the frequencies, the occurrences
are obtained by replacing the Braun-Blanquet abundance score of each species with “1”
(presence). The calculations of diversity were performed using the functions programmed
into the DYALOG 16.0 software package (downloaded from https://www.dyalog.com)
(accessed on 13 December 2021).

As the number of samples in each land-use type was unequal, we compared the
spatial floral diversity of the different land-use types using interpolation (rarefaction) and
extrapolation curves [49,50]. We used the R package iNEXT [51] to compute the interpolated
and extrapolated spatial floral diversity.

http://www.theplantlist.org
https://www.dyalog.com
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We performed multiple comparisons of the average local floral diversities for pair-
wise comparison between land-use types using the R package multcomp [52] and Wilcoxon
multiple comparison tests with the most commonly used Bonferroni and BH (Benjamini and
Hochberg) adjustments. The multcomp allows multiple comparisons in general parametric
models, including linear, generalized linear, linear mixed-effects, and survival models [53].
To get a better view of the distribution and the standard error of local floral diversities
of each land-use type, we performed canonical RDA (Redundancy Analysis) using the R
package vegan [54].

2.2.2. Assessment of Plant Community Heterogeneity: The Species-Area Curve and the
Concentration Curve or Pareto Curve

In phytosociology, one of the most widely used methods to assess heterogeneity of
the plant communities is the species-area curve and concentration curve. The species-area
curve [55], shows the increase in the number of species as a function of the increase in the
surface area or sample size observed. Its generalization is based on the “uniform” model,
which is better suited to structure analysis than the Poisson distribution or the Gaussian
distribution [56]. To better assess the heterogeneity, we compared the ‘normal’ species-area
curve that would have been observed by a uniform model to the two species-area curves
observed when looking at the records from the beginning (first plot) to the end (last plot)
and in reverse order (last plot to first plot) [56]. The closer these curves are to the normal,
the more homogeneous the landscape, and the more these curves deviate from the normal,
the more heterogeneous the landscape. In addition to the species-area curve, we computed
the concentration or Pareto curve [48,57,58].

2.2.3. Assessment of the Vertical Structure of Plant Communities

To understand the effect of land use on the vertical structure of plant communities, we
calculate the “exact” probability (in the Fisher sense) [44,59] of each contingency between
two descriptors. We first analyzed the relationships between land-use and strata structure,
i.e., the frequency of different strata (tree, shrub, and herbaceous). Then, we analyzed the
relationships between land use and the level of closure of plant communities. The result is
a table showing, in each box, the information provided by the difference between the ob-
served value and the expected value given by a uniform model following a hypergeometric
distribution [60], where the values would be independent.

We calculated the information following Fisher’s exact probabilities by applying the
formula [41]:

I = log2(1/P) (4)

where P is the probability of the contingency table of collected observations.
This means that observation provides as much information as is unlikely a priori,

and unexpected. Greater is the information calculated the more remarkable is the linkage,
either because it is much stronger than its expected value (positive value), or because it is
much weaker (negative value). Often used with small samples, Fisher’s exact test is more
accurate and more transparent than the Chi-square test, an inferential statistic commonly
used test for the dependency between variables analysis [61].

2.2.4. Analysis of Native and Alien Species

Using databases GloNAF (Global Naturalized Alien Flora) [62] and GISD (Global
Invasive Species Database) of the IUCN (http://www.iucngisd.org/gisd) (accessed on
13 December 2021), we determined the native or alien status of our observed species. Then,
we compared the native and alien species richness between land-use types using GLMs,
with the post hoc Bonferroni multiple comparisons, using R 3.6.1 [63].

http://www.iucngisd.org/gisd
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3. Results
3.1. Total Diversity and Plant Communities’ Heterogeneity

The species richness recorded in the plant formations of the Togodo protected area
and surroundings includes 483 species of vascular plants from 298 genera and 71 families.
The overall diversity of all occurrences in all surveys is 10.6 binons. This total diversity is
close to those found in comparable situations in West Africa.

The two observed curves (in blue and green) of the species-area curve (Figure 4),
which reflect the increase in the number of species when looking at the plots one after
the other, in the order of their observation (from the first plot to the last plot) and reverse
order (from the last plot to the first plot), were quite close to the “normal” curve (in red),
although slightly below. The closeness of the observed curves to the normal curve suggests
that, overall, our study site is weakly heterogeneous in terms of species richness. Thus,
agricultural land use would not lead to a significant variation in species richness in our
study area.
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Figure 5 shows the concentration curve obtained from our surveys. The Pareto in-
equality index for our surveys is 23–77. This means that, in our studied landscape, 23%
of the species account for 77% of the frequencies, and, conversely, 77% of non-dominant
species share only 23% of the frequencies. Inequalities are therefore slightly higher than the
classical 20–80, which is the most frequently encountered situation, and this is due to the
relatively large number of dominant species in some agricultural land-uses.

3.2. Spatial Floral Diversity by Land-Use Type

The spatial diversities for the occurrences of the 7 land-use types (cropland CH, forest
FO, home garden HA, fallow JC, palm plantation PA, savannah SA and teak plantation TK)
are respectively: 9.4, 6.5, 6.7, 8.9, 7.2, 8.3 and 7.0. Therefore, forests have the lowest spatial
diversity while cropland and fallow have the highest spatial diversity. The interpolation
and extrapolation of the expected number of species show similar results. Cropland and
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fallow are the richest in species, while forest and teak plantations hold the lowest numbers
of species (Figure 6).
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protected area. CH: croplands; FO: forests; HA: home gardens; JC: fallows; PA: palm oil plantations;
SA: savannahs; TK: teak plantations.
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3.3. Local Diversity by Land-Use Types

The box plot of local diversities for occurrences by survey and land-use types shows
that there are few significant differences between land-use types in terms of their local
species richness or diversity (Figure 7). The significant difference, at the threshold of 1 per
thousand (0.001), is between croplands and savannahs.
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Figure 7. Comparison of local species richness (A) and Shannon index (B) between land-use types in
and around the Togodo protected area. The box plots show the median (the horizontal line towards
the middle) and within the box 50% of the values. The asterisks show the average value for each
land-use type. Letters denote significant differences in pair-wise comparison after the post hoc
Bonferroni. CH: croplands; FO: forests; HA: home gardens; JC: fallows; PA: palm oil plantations;
SA: savannahs; TK: teak plantations.

The canonical redundancy analysis (Figure 8) shows that cropland is the only one
of the 7 land-use types that are sufficiently distinct from the others. Most of the local
diversities of the cropland surveys are the highest, while those of the savannah surveys are
the lowest. In contrast to the multiple comparisons, it can therefore be stated that the fields
are significantly richer in local floral diversity.

Diversity 2021, 13, x FOR PEER REVIEW 11 of 19 
 

 

diversities of the cropland surveys are the highest, while those of the savannah surveys 
are the lowest. In contrast to the multiple comparisons, it can therefore be stated that the 
fields are significantly richer in local floral diversity.  

 
Figure 8. Correlation between local floral diversity and land-use types in and around the Togodo protected area. Dots 
(figure on the left) represent plots by land-use types. On the right figure, ellipsoids indicate the standard error of the 
weighted average local floral diversity for each land-use type. CH: croplands; FO: forests; HA: home gardens; JC: fal-
lows; PA: palm oil plantations; SA: savannahs; TK: teak plantations. 

The three tests of average comparison (Appendix A) show, at the 5 percent (0.05) 
threshold, in addition to the difference between savannah and croplands, that the local 
diversities of croplands are higher than those of forests, palm oil plantations and savan-
nahs. Similarly, fallows have a richer local diversity than savannahs. 

The investigation of the relationship between the different strata and the land-use 
types (Table 1) shows that trees are very rare (almost 20 times less than if the distribution 
was uniform across all land-use types) in croplands and are frequent in forests and savan-
nahs (6 times more than normal). Woody stratum is also common in teak plantations and 
is less frequent but not absent in home gardens and fallows. The shrub stratum is more 
frequent than expected in croplands and palm plantations. Herbaceous weeds are most 
common in croplands. 

Table 1. The link between land-use types and vegetation strata in and around the Togodo pro-
tected area. 

 CH FO HA JC PA SA TK 
ABO -19 6 3 3 0 6 5 
ABU 6 0 0 0 3 0 0 
HER 6 0 0 0 0 0 0 
(Numbers greater than 10 correspond to highly significant relationships and positive 

numbers indicate that the combination of row and column is more frequent than expected. 
Negative relationships indicate that the combinations are less frequent than expected). 
ABO: woody, ABU: shrubby, HER: herbaceous; CH: croplands; FO: forests; HA: home 
gardens; JC: fallows; PA: palm oil plantations; SA: savannahs; TK: teak plantations. 

Similar to the strata organization, and in contrast to floral diversities, agricultural 
land uses had a strong effect on the closure of the plant communities in and around the 
Togodo protected area. The relationships between land-use types and the level of closure 
of plant communities (Table 2) show that croplands and home gardens almost had very 
low closure. Forests and palm plantations were very closed. Fallows rarely had a very low 
closure. Savannah and teak plantations had a low closure. 

Table 2. The link between land-use types and the closure of vegetation in south-eastern Togo. 

Figure 8. Correlation between local floral diversity and land-use types in and around the Togodo
protected area. Dots (figure on the left) represent plots by land-use types. On the right figure,
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use type. CH: croplands; FO: forests; HA: home gardens; JC: fallows; PA: palm oil plantations;
SA: savannahs; TK: teak plantations.
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The three tests of average comparison (Appendix A) show, at the 5 percent (0.05)
threshold, in addition to the difference between savannah and croplands, that the local
diversities of croplands are higher than those of forests, palm oil plantations and savannahs.
Similarly, fallows have a richer local diversity than savannahs.

The investigation of the relationship between the different strata and the land-use types
(Table 1) shows that trees are very rare (almost 20 times less than if the distribution was
uniform across all land-use types) in croplands and are frequent in forests and savannahs
(6 times more than normal). Woody stratum is also common in teak plantations and is less
frequent but not absent in home gardens and fallows. The shrub stratum is more frequent
than expected in croplands and palm plantations. Herbaceous weeds are most common
in croplands.

Table 1. The link between land-use types and vegetation strata in and around the Togodo protected area.

CH FO HA JC PA SA TK
ABO −19 6 3 3 0 6 5
ABU 6 0 0 0 3 0 0
HER 6 0 0 0 0 0 0

(Numbers greater than 10 correspond to highly significant relationships and positive numbers indicate that
the combination of row and column is more frequent than expected. Negative relationships indicate that the
combinations are less frequent than expected). ABO: woody, ABU: shrubby, HER: herbaceous; CH: croplands;
FO: forests; HA: home gardens; JC: fallows; PA: palm oil plantations; SA: savannahs; TK: teak plantations.

Similar to the strata organization, and in contrast to floral diversities, agricultural land
uses had a strong effect on the closure of the plant communities in and around the Togodo
protected area. The relationships between land-use types and the level of closure of plant
communities (Table 2) show that croplands and home gardens almost had very low closure.
Forests and palm plantations were very closed. Fallows rarely had a very low closure.
Savannah and teak plantations had a low closure.

Table 2. The link between land-use types and the closure of vegetation in south-eastern Togo.

CH FO HA JC PA SA TK
1 14 0 23 −16 −4 −12 0
2 5 −12 −26 4 0 11 6
3 −28 22 5 5 9 0 −8

1: very weak closure; 2: weak closure; 3: strong closure; CH: croplands; FO: forests; HA: home gardens; JC:
fallows; PA: palm oil plantations; SA: savannahs; TK: teak plantations.

3.4. Native and Alien Species

Alien species richness varied significantly between land-use types (Figure 9A). Crop-
lands and home gardens harbored significantly more alien species than other land-use
types, while there were fewer alien species in savannahs and forests. However, there is no
significant difference between the land-use types in terms of the native species richness
(Figure 9B). This indicates that the significant difference observed between local diversities
could be related to the difference in the terms of alien species richness.
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Figure 9. Comparisons of the alien species (A) and native species (B) richness between land-use types
in and around the Togodo protected area. The asterisks show the average value for each land-use
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CH: croplands; FO: forests; HA: home gardens; JC: fallows; PA: palm oil plantations; SA: savannahs;
TK: teak plantations.

4. Discussion

Despite the conversion of dry forests and Guinean savannahs into agricultural lands,
the effects of these land-use changes on the floral diversity and the structure of plant
communities are still poorly documented in and around the Togodo protected area. In this
study, we addressed this dearth of knowledge. Thus, we assessed the impact of land uses
on the floral diversities and the plant communities’ vertical structure within the Togodo
protected area and its surroundings human-mediated landscapes.

4.1. Total Diversity and Plant Communities’ Heterogeneity

Despite human disturbance, the total floral diversity of the study area was not strongly
impacted. The total floral diversity of the study area is close to the average observed in
tropical West Africa [64]. The Pareto index value of 23–77 for our surveys (Figure 5) is close
to the average value for moderately disturbed survey sets [56]. Indeed, the old-growth rain-
forest, one of the most regulated natural ecosystems, is at 20–80, exactly the two emblematic
Pareto values, which means that competition has taken time to regulate itself between
the species present [56]. According to Poissonet, the Pareto index of 20–80 characterizes
vegetation in equilibrium [65]. Our results are consistent with those obtained in other
moderate or lightly disturbed ecosystems. For instance, [66] found that the large majority
of phytosociological surveys of different Brazilian plant formations show Pareto indices
ranging from 28–72 to 22–78. Our concentration curve and species-area curve (Figure 4)
suggest that, overall, the ecosystem of the study area was slightly heterogeneous in terms
of species richness. Thus, agricultural land uses would not lead to a significant variation
in terms of species richness [7,13]. However, disturbances resulting from agricultural
land-uses can promote native species different from those of the savannahs and forests or
even alien species that can spread and become invasive [10,11].

4.2. Agricultural Land-Uses Influence on Spatial and Local Diversities

Forests and teak plantations had the lowest spatial diversities, while in croplands
and fallows the spatial diversities were the highest. In addition, the interpolation and
extrapolation of the expected number of species by land-use type (Figure 6) confirmed
this result. This seems paradoxical if one remembers that tropical forests and savannas
were attributed to a very high species diversity [9,66,67]. However, since spatial diversity
expresses the differences between surveys belonging to the same land-use type [56], the
paradox is resolved. Indeed, it is understandable that surveys in undisturbed forests
would be quite similar to each other, whereas surveys in croplands that had very different
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trajectories [21,68], characteristic of small family farming systems would be very different
from each other. Thus, in agricultural landscapes, a combination of different land uses
following different trajectories enhanced the overall species diversity [69]. Remarkably,
this heterogeneity of croplands was maintained in the resulting fallows in our study site.
Although teak plantations are a disturbed landscape by human activities, they had low
spatial diversity. The low spatial diversity of teak plantations could be explained by their
allelopathic character [70,71]. Thus, only some species, that are resistant to the chemicals
secreted by teak trees, could be found in these plantations, which would therefore be
floristically similar.

The local diversities in the croplands and fallows are the highest, while the savannahs
and forests had the lowest (Figures 7,8 and Appendix A). Our results, which at first sight
seems surprising, were in line with those of [13] who, in their study considering trees
and herbaceous species, observed an increase in species richness with increasing land-use
intensity. In contrast, our findings are at odds with those of [7,8,72] who instead observed
a significant decrease in floral species richness with increasing agricultural intensity and
anthropogenic disturbance. Indeed, it is generally agreed—particularly since [73], which
considered “climax” ecosystems to be more diverse and more functional than artificial
ecosystems—that natural vegetation clearing for agricultural land-use would inevitably
lead to loss of biodiversity. Nevertheless, the high local floral diversities in croplands
and fallows could be explained, on the one hand, by the arrival or the promotion of
other species favored by anthropogenic disturbances [46], consistent with the intermediate
disturbance hypothesis [74]. The Intermediate disturbance hypothesis predicts that the
highest degree of species diversity is reached under disturbance regimes of medium
intensity or frequency [75,76]. On the other hand, the low floral diversity in forests or
savannahs could be due to the large-scale heterogeneity of vegetation, which is expressed by
the “grain” of vegetation [77,78]. In fact, during the evolution of vegetation, the average size
of individuals increases strongly. This increase leads to an increase in the area (often called
“minimum area”) in which species diversity is commonly observed. By using the same
plot size for our observations, the observed diversity could then be influenced especially in
forests where the average size of individuals is very high. To take the vegetation grain size
into account in detail, it would be necessary to sample at two scales: at the local scale (plot)
and at the scale of the land use type [79]. However, our extrapolation analysis showed that,
in larger areas, the floral diversity in the farmlands would still be higher than that found in
the forests.

4.3. Effect of Agricultural Land-Use on the Vertical Structure of Plant Communities

Human disturbances had deeply altered the structure of plant strata and had a strong
effect on the closure of the plant communities in and around the Togodo protected area.
Tree density is high in forests, savannahs, and teak plantations, while the croplands are
almost treeless. Besides the teak plantations, the agricultural land-uses led to a drastic
decrease in the number of trees [69,80]. This observed decrease in tree density is consistent
with the low carbon stocks of woody species often observed in agricultural landscapes in
West Africa [7,81]. Indeed, in slash-and-burn farming systems, as is the case in the study
area, farmers cleared large remnant trees [80]. In addition to the fact that the croplands
were almost treeless, they were open, whereas forests were very closed. The modification
of the structure of the vegetation induced by the conversion of forests and savannahs into
agricultural lands would not be inconsequential for biodiversity. Indeed, trees and other
woody species are key structures for biodiversity in agricultural landscapes [69]. According
to [82], maintaining tree cover in agricultural landscapes enhanced the conservation of
animal diversity.
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4.4. Effect of Agricultural Land-Use on Native and Alien Species

Land use significantly influenced alien species richness, with more alien species in the
most frequently disturbed landscapes, such as croplands and home gardens, compared to
the least disturbed ones, such as savannahs and forests. Since these disturbed landscapes
were more open, the richness of alien species could be due to a predominance of therophytes,
which are mostly herbaceous. Indeed, disturbed habitats leave many empty ecological
niches favorable to the growth of annual species such as therophytes [83,84]. Our results are
in line with the increasing alien species richness observed under land-use intensification and
the colonization of shade-intolerant species, especially graminoids, in open landscapes [13].

Our analysis shows no significant difference between land-use types in terms of
native species richness (Figure 9B). This suggests that the significant difference observed
between local diversities is related to the difference in the alien species richness. Thus, the
agricultural land uses, by promoting alien species through their disturbances, contribute
to an increase in the ordinary floral diversity—which concerns all species and not only
those that are rare, endemic, and threatened with extinction—of the area [13,85], if the
diversity is not limited to typical savannah or forest species. However, given the recognized
invasive potential of alien species, it is questionable whether these species contribute to
biodiversity [86].

Our analysis did not make it possible to determine whether the native species found in
agricultural lands are the same as those found in forests and savannahs or whether they are
other native species more adapted to disturbed habitats. Also, our analysis did not consider
land-use trajectories. And yet, land-use or land-use change trajectories have proven effects
on vegetation change [11,25]. Thus, to better understand the effects of agricultural land use
on floral diversity, further studies considering species composition and land use trajectories
would be needed.

5. Conclusions

The objective of this study was to analyze the floral diversities and the vertical structure
of plant communities in relation to land-use types in and around the Togodo protected area.
The overall floral diversity of the study area remains relatively high despite the disturbances
induced by human activities. The croplands that are regularly disturbed by human activities
have the highest spatial diversity and the highest alien species richness. Alien species,
favored by human activities, become more established in the croplands. However, the
vertical structure of the vegetation has been strongly modified by agricultural uses.

The present study demonstrates that certain aspects of ordinary plant diversity—
which concern all species and not only those that are rare, endemic, and threatened with
extinction—are not decreasing as a result of the clearing of the Guinean tropical forests and
savannahs in our study area. On the contrary, the agricultural land-uses, by promoting
alien species, contribute to an increase in the ordinary floral diversity in the study area.
However, given the high diversity of alien plant species in agricultural landscapes around
the Togodo protected area and their potentially known invasiveness, it would be valuable
to study the establishment stage of these species. Knowing these stages would allow timely
intervention to limit their invasion and impact on the biodiversity of the protected area.

To clarify the effects agricultural land-uses have on biodiversity, further works consid-
ering species composition and land-use trajectories would be needed.
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Appendix A

Two-by-two comparison tests of the mean local diversity between land-use types in
and around the Togodo protected area.

Significance codes: *** 0.001; ** 0.01; * 0.05 CH: croplands; FO: forests; HA: home
gardens; JC: fallows; PA: palm oil plantations; SA: savannahs; TK: teak plantations.; Pr
multcomp: the adjusted probability of the multcomp test, Pr Wilco_bon: the probability
of the Wilcoxon test with Bonferroni adjustment, Pr Wilco_BH: the probability of the
Wilcoxon test with BH (Benjamini and Hochberg) adjustment.

Pairs Pr Multcomp Pr Wilco_bon Pr Wilco_BH
FO-CH 0.1656 0.024 * 0.012 *
HA-CH 0.9236 1 0.697
JC-CH 0.0797 0.696 0.099
PA-CH 0.2242 0.155 0.039 *
SA-CH <0.001 *** 5.00 × 10−7 *** 5.00 × 10−7 ***
TK-CH 0.0754 0.619 0.099
HA-FO 0.904 1 0.415
JC-FO 0.9725 1 0.515
PA-FO 0.9995 1 0.697
SA-FO 0.9399 1 0.415
TK-FO 1 1 0.95
JC-HA 0.9973 1 0.697
PA-HA 0.9803 1 0.51
SA-HA 0.1332 0.555 0.099
TK-HA 0.8596 1 0.515
PA-JC 0.9993 1 0.721
SA-JC 0.0478 * 0.1 0.033 *
TK-JC 0.9454 1 0.51
SA-PA 0.5625 1 0.214
TK-PA 0.9989 1 0.721
TK-SA 0.9189 1 0.51
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