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Understanding the habitat preference of the Stone Partridge (Ptilopachus petrosus) is a crucial step for
its conservation and management across different ecosystems. This study was focused on the
environmental factors and the vegetation data of the species habitat which were collected from 60 plots
surveyed along 6 perpendiculars transects. Binary logistic regression was used to determine the
relationship between the Stone Partridge and the environmental variables. Phytoecological data were
analysed using a Detrended Correspondence Analysis (DCA) to identify the different plant communities
from which Shannon and Pielou indices have been measured. The analyses identified the proximity of
the rocks as the environmental variables which determine the Stone Partridge presence. Three plant
communities were associated with the Stone Partridge presence. The plant families most represented
were the Poaceae followed by Leguminosae-Papilionoideae, Leguminosae-Caesalpinioideae,
Rubiaceae, Combretaceae, Euphorbiaceae, Asteraceae, Leguminosae-Mimosoideae and Cyperaceae.
The phanerophytes and therophytes were the life forms most represented. The Shannon diversity
indices for the plant communities varied from 2.12 at 4.53 bits. The identification of preferred habitats
are a valuable tool for managers interested in the conservation of this species, however constant
monitoring that identifies changes in the habitats is required to identify detrimental habitat change.
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INTRODUCTION

The consequences of anthropogenic and climatic et al., 2014). Suitable habitat for animals unable to adapt
disturbances on animal communities and their to anthropogenic change is decreasing due to habitat
environment have been the focus of conservation loss and fragmentation (Fischer and Lindenmayer, 2007;
research in recent decades (Cardinale et al., 2012; Dirzo Gehring and Swihart, 2003), harvesting or poaching
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Figure 1. Map of Benin showing the study area.

(Gangaas et al., 2013; Martin and Caro, 2013; Carter,
2017), pollution of rivers and water bodies (Jepson et al.,
2016; Desforges et al., 2016), mortality linked to human-
animal conflict (Jedrzejewski et al., 2017), climate change
(Brodie and Pearson, 2016; Descamps et al., 2017) and
emerging diseases caused by fungi and parasites
(Weinstein et al., 2017). Between 1970 and 2005, it is
estimated that the global population of African fauna
within protected areas fell by around 60% on a
continental scale (Gandiwa et al., 2016; Murn et al.,
2016). This is especially true for birds, whose populations
have collapsed in West Africa (Howland et al., 2016;
Bakker et al., 2016; Amoussou et al., 2012; Ayanlade and
Proske, 2016) and in the case of the Stone Partridge, a
species thought to be restricted to woody ecosystems
near hills and rocky outcrops (Fretwell and Trathan,
2009).

In Benin, the Stone Partridge is mostly found in the
centre and the northern of the country, with fairly low
numbers in most of their habitats. This species is

declining due to poaching and the effects of climate
change (Bass and Chakrabarty, 2014). Yet the Stone
Partridge has a special place in Beninese culture as it is
used for medicinal and magical purposes (Codjia et al.,
2021). Although the species has been included in various
phylogenetic studies and is listed in various site-specific
species lists, it has not been the focus of any surveys.
There is thus a requirement for conservation and
management purposes of a better understanding of the
habitat requirements of the Stone Partridge. This study
describes the preferred habitats of the Stone Partridge
through a phytoecological survey across the species
range in Benin.

MATERIALS AND METHODS
Study area

This study was undertaken in the Republic of Benin (Benin). The
Republic of Benin is situated in West Africa between the latitudes
6°10'N and 12°25’N and longitudes 0°45’E and 3°55’E (Figure 1). It
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Figure 2. Design of the transect.

is bordered by the republics of Togo in the west, Nigeria in the east,
Atlantic Ocean in the south, Burkina Faso and Niger in the north. It
covers a land area of 112,622 km?. The country hosts roughly 11
million people, with a population growth rate of 2.71% (World Bank,
2019). The mean annual rainfall ranges from 900 to 1100 mm. The
mean monthly temperature ranges from 25 to 35°C and values of
the relative air humidity range from 81% in August to 26% in
February (Adam and Boko, 1993). Natural vegetation types include
riparian forests, woodlands, tree/shrub savannahs and grass
savannahs. The communal land is dominated by secondary and
disturbed vegetation types including fallow, savannah patches,
degraded woodland and riparian forest (Adomou, 2005).

Bird survey data

In each of the 3 climatic zones of Benin, a visual confirmation was
made of the presence / absence of the species through the natural
vegetation and agricultural lands, following perpendicular transects,
NNE-SSW (25-225 grades) and ESE-WNW (125 —-325 grades)
(Figure 2). The transects extended up to 1 km. A series of circular
plots of 706.5 m2 (15 m radius) were placed along each of the two
transects. Plots were centred on the transects and were placed at
regular intervals of 200 m on the NNE — SSW and ESE — WNW
transects, respectively. Two perpendicular transects were randomly
selected from each climate zone where Stone Partridge were
observed and cited in literature.

Before going to the field, it was important to define the routes to
be maked. For this, information system Geographic ArcGis 10.1
was used to delineate the transects. Once these trails were traced,
the geographical coordinates of the fixed plots were recorded with a
GPS in order to optimize the orientation on the ground. A total of 60
plots were surveyed along 6 perpendicular transects.

In each plot, the signs of presence of the Stone Partridge were
first looked for. These signs of the presence correspond to
droppings, feathers, traces or direct observations of individuals.
This species is rare and very difficult to observe in the wild because
of its great discretion. The droppings are often the main signs of the
presence of the species. Usually, they are located in their resting
places.

As soon as an indication of the presence of the Stone Partridge
is detected along these transects, its location is recorded with GPS.
Phytoecological surveys were undertaken to determine the plant
communities in Stone Partridge habitat according to the sigmatist
method of Braun-Blanquet (1932) and the environmental predictor
variables (distance to farmland, presence of rock-outcrops, the

distance to water, slope, presence of predators, canopy cover and
bushfire) were collected. Thereafter, the distance to farmland, water
and slope was derived based on plots waypoints using Euclidean
distance in the spatial analysis extension of ArcGIS 10.1 software.

Phytoecological inventory method

Phytoecological surveys were undertaken to determine the plant
communities in Stone Partridge habitat according to the sigmatist
method of Braun-Blanquet (1932). 60 circular plots of 706.5 m2 (15
m radius) were used to collect vegetation composition in the four
main vegetation types: woodland, shrub/tree savannah, grass
savannah and fallow cultivated areas. Tree, shrub and herbaceous
plant sampling were carried out through plots (Weber et al., 2000).
In each plot, we recorded: (i) the vegetation type; (ii) the exhaustive
species list, (ii) the percentage of cover for each species, (iii) the
number of species as well as the percentage cover for each
vegetation layer; (iv) the soil texture; (v) the topographic position
(slope, bottom slope, mid-slope, top of slope or summit).

The plant species were assigned coefficients of abundance-
dominance (Braun-Blanquet, 1932) which is the expression of the
relative space occupied by all individuals of each species. The
average coefficients of cover (ACC) used were:

: species covering 75 to 100% of the survey area (ACC) = 87.5%
: species covering 50 to 75% of the survey area (ACC) =62.5%

: species covering 25 to 50% of the survey area (ACC) =37.5%

: species covering 5 to 25% of the survey area (ACC) =15%

: species covering 1 to 5% of the survey area (ACC) =3%

: species covering 0 to 1% of the survey area (ACC) =0.5%.

+ P NWAO

Data analysis

Environmental factors determining the presence of the Stone
Partridge

Binary logistic regression was used, an appropriate statistical tool to
determine the influence of explanatory variables on response
variables when the latter take a dichotomous form (Peng et al.,
2002). The logistic model predicts the Logit of the response variable
(Y) from the explanatory variables (X). The Logit is the natural
logarithm (In) of the ratio of the probabilities (1) that Y occurs and
the probabilities (-11) that Y does not occur. The model is specified
as follows:
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Figure 3. Correlation matrice expressing the relationship between the Stone Partridge and the environmental

variables.

i
ln(ﬁ) = Bo + BuXai + BoXai +...+ Pik

&
where P is the “0Odd”; Bo is the y-intercept; Bi1, Bz, ..., Bk are the

regression coefficients of the independent variables xij, Xz, ..., Xki.

The explanatory variables (x) were the seven environmental
variables described earlier. Stepwise regression was applied from
the full model to select the best model based on the most significant
variables. Before running the logistic regression, multivariate
correlation analysis was performed to verify collinearity between
explanatory variables. The significance of the parameters of the
logistic regression was evaluated by the likelihood ratio y2, the
deviation test and the statistics of Hosmer- Lemeshow and Wald.
All statistical analyses were performed with R version 4.0.5.

Plant community ordination, classification and indicator

species determination

An ordination technique (Detrended Correspondance Analysis,
DCA) was performed to identify possible gradients in and between
communities that allow the description of the characteristics of the
Stone Partridge habitat.

Floristic analysis of the plant communities inhabited by the
Stone Partridge

Plant community species richness: Species richness was
determined by counting the number of species recorded in the plots
describing each plant community. The total number of species
recorded per plant community was computed and estimated the
species richness for woody and herbaceous plant species
separately.

Plant community diversity: Shannon index was used as a
measure of a-diversity, which combines species richness with

relative abundance (Shannon and Weaver, 1949). It was estimated
as:

=

H = 2 piLog; pi

=1

where pi is the relative abundance of the species i in a given plant
community and S the species richness of the community.

Plant community evenness: The evenness of a plant community
was calculated using Pielou evenness (Pielou, 1969) defined as:

E = H'/log,S

where S is the total number of species per plant community and H’
is the value of the Shannon index. E values range from O
(dominance of few species in the community) to 1 (evenly
distribution of plant species in the community).

Classification of the plant community by life forms

Life forms were assigned to species using those defined by
Raunkiaer (1934): Therophyte (Th), Hemicryptophyte (Hec),
Chamaephyte (Ch), and Phanerophyte (Ph).

RESULTS

Environmental factors determining the presence of
the Stone Partridge

The presence (pa) of the Stone Partridge seems to show
a correlation with the proximity of the rocks (Figure 3).
The overall evaluation of the logistic regression model
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Table 1. Logistic regression results: factors determining the presence of the Stone Partridge in the study.

Variable Estimate Std. error Z-value Pr (>|z])
(Intercept) -1.108 1.364e+00 -0.812 0.4169
Presence of rock-outcrop 1.220e+00 6.126e-01 1.992 0.0464**
Distance to farmland 1.821e-02 1.353e-02 1.345 0.1785
Distance to water 9.361e-06 5.428e-05 0.172 0.8631
Canopy cover -9.854e-01 1.375e+00 -0.717 0.4736
Bushfire -4.336e-01 4.729e-01 -0.917 0.3591
Presence of predactors -1.678e-01 4.718e-01 -0.356 0.7221
Slope 2.755e-02 3.280e-01 0.084 0.9331
**Indicate 5% significance.
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Figure 4. The detrented correspondance analysis ordination diagram. G1=Open forest, G2=Saxicolous savannah,

G3=Farmland/fallows, StonPA= plots names code.

and the Hosmer-Lemeshow goodness test revealed that
the model provided adequate form to the data with
Omnibus tests of significant coefficients and a 92%
correct prediction. The results show that only one
variable significantly influenced the presence of the
species: the proximity of rocks/hill significantly increases
the likelihood of the Stone Partridge being present (Table
1). The birds presence was not clearly related to the
distance from the fields, the water and the presence of
predators.

Floristic composition of plant communities
A total of 210 plants species belonging to 49 families

were encountered within plants communities associated
with the Stone Partridge. The most species rich families

were Poaceae (45 species, 21.43%) followed by
Leguminosae-Papilionoideae (31 species, 14.76%),
Leguminosae-Caesalpinioideae (11 species, 5.24%),
Rubiaceae (10 species, 4.76%), Combretaceae (9
species, 4.29%), Euphorbiaceae (8 species, 3.81 %),
Asteraceae and Leguminosae-Mimosoideae (7 species
each, 3.33 %), and Cyperaceae (6 species, 2.86%).

The Stone Partridge habitat typology

The detrended correspondance analysis ordination
diagram (Figure 4) of the plot data identified three plant
communities associated with the Stone Partridge: (i)
Saxicolous savannah, (i) Open-forest and (i)
Farmland/Fallows. The dominant plant species in each
habitat were Acacia macrostachya and Detarium for
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Table 2. Specific diversity of plants communities inhabited by the Stone Partridge.
Species Shannon Pielou
Habitat Plant communities Soil texture >P index H evenness
richness :
(bits) (E)
Open forest (G1) Anogeissus leiocarpa & Burkea africana Silty soil 134 2.12 0.33
Saxicolous savannah (G2) Acacia macrostachya & Detarium microcarpum  Gravelly soil 92 4.53 0.64
Farmland/Fallows (G3) Vitellaria paradoxa & Annona senegalensis Sandy-silty soil 143 3.21 0.45
90
80
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B Raw spectrum

Weighted spectrum

Figure 5. Raw and weighted spectrum of each community plant of the Stone Partridge habitat.

Saxicolous savannah, Anogeissus leiocarpa and Burkea
africana in Open-forests, Vitellaria paradoxa and Annona
senegalensis for Farmland/Fallows.

Specific diversity of plants communities

Table 2 presents the ecological parameters of the
different plant communities. The highest species richness
(143 species) was obtained for farmland/fallows
dominated by V. paradoxa and A. senegalensis, while the
lowest (92 species) was obtained for saxicolous
savannah with A. macrostachya and Detarium
microcarpum. The Shannon diversity index (H) varied
between 2.12 bits (Open-forest) and 4.53 bits (Saxicolous

savannah). Pielou’s equitability index was the highest for
saxicolous savannah and lowest for open-forest.

Life forms composition of plant communities in
Stone Partridge habitat

The dominant life-form in communities were therophytes
(annuals) with 38.57% (81 species) followed by
phanerophyte (large shrubs and trees) 33.57% (71
species), hemicryptophytes (herbaceous perennials),
chamaephytes (woody plants with resting buds on or
near the ground) and geophyte (plants with underground
storage organs like buls) 9.05% each (19 species each)
and epiphytes 0.48 % (1 species). Figure 5 shows the
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raw and weighted spectra according to life-form in each
plant community inhabited by Stone Partridge. The
therophytes species were the most abundant in raw and
weighted spectra in each community.

DISCUSSION

The study showed that the Stone Partridge were strongly
associated with the farmland and fallows habitats,
followed by the open forest habitat, and hardly at all with
the saxicolous savannah habitats. However, the presence
of the rocky outcrops is essential to the Stone Partridge
habitat (BirdLife International, 2021). These habitats in
turn are associated with different plant communities
(Jacobi et al., 2007). The preferred habitats that are
farmland and fallows are characterised by V. paradoxa
and A. senegalensis plant species. These results are
similar to those of Aleza et al. (2015). The soil has a
sandy-silty texture and is topographically associated with
slopes. The three types of plant communities identified
are distributed along a topographic gradient due to the
presence of hills. The variability of grazed plant groups is
caused by climatic and topographical factors and by the
influence of human activities (Dawar et al., 2021). From a
topographical point of view, the studied stations present a
difference since they belong to different topographic
levels: the saxicolous savannahs are on the side of the
hills while the fields/fallow are at the bottom of the slope.
Studies have shown that the disturbance gradient due to
topography is large enough to determine the distribution
of Stone Partridge habitats. Despite the negligible
number of studies carried out to date on the habitats of
Stone Partridge in Benin, all the results obtained through
this study are consistent with those of the already existing
bibliography (Hanle et al., 2020).

The presence of signs of the presence of the Stone
Partridge in fallow land is explained by the fact that they
go there to feed on grasses, roots, fallen fruits and fungi
(Khan et al., 2021).

Patterns of floristic diversity of Stone Partridge
habitat

The floristic composition of plant communities shows that
the dominance of the families Poaceae, Leguminosae-
Papilionoideae, Leguminosae-Caesalpinioideae,
Rubiaceae, Combretaceae, Euphorbiaceae, Asteraceae,
Leguminosae-Mimosoideae and Cyperaceae. These
observations are consistent with the results obtained by
previous studies in the same area (Oumorou et al., 2010;
Houessou et al.,, 2013). The marked presence of
therophytes is not surprising as the sites are under strong
anthropogenic pressure. However, the predominance of
therophytes is a favourable situation for Stone Partridge
because its diet mainly consists of seeds (Carroll, 1994).

Conclusion

Monitoring of the species habitat can contribute to the
conservation as well as management of the Stone
Partridge population in the Benin. In this study, three
plant communities inhabited by the Stone Partridge were
explored. Given the use of the species by local
communities for food as well as medicinal purposes, and
concerns regarding population declines, it was found that
the species was frequently found in anthropogenically
modified habitat (farmlands), and especially in
association with rocky outcrops. Further monitoring is
required to further understand land use patterns
influencing the distribution of this totemic species in
Benin: the move from community managed land to large-
scale commercial agriculture may have negative
consequences for the species in the future.
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