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Abstract

Species distribution models (SDMs) are a powerful tool in conservation. Predictive habitat
models attempt to provide detailed predictions of distributions by relating the presence/absence
of a species to a set of environmental predictors that are likely to influence the suitability of the
environment for the focal species. For most of the available methods, accurate sampling of the
presence/absence of the species is crucial. The lack of information about the areas where species
are absent complicates the use of common ecological modeling tools, as they rely both on
presence and absence data. For this reason, a modeling technique that does not require absence
data was used. This modeling approach is extremely useful when absence data are not available,
are unreliable, or are ecologically meaningless. So, one statistical technique that can be used to
generate habitat maps based on the presence-only data is the Ecological Niche Factor Analysis
(ENFA), using the modeling Biomapper software. The purpose of this study is to provide
desirable habitats in Bidouyeh Protected Area in Kerman province based on the presence-only
data and environmental conditions of the area by ENFA, to determine which parts according to
the current conditions of the region are suitable habitat for Goitered Gazelle (Gazella
subgutturosa). according to the Predicted areas, we will be able to better protect and manage the
area. The results showed that variables the elevations 2000-2300 m, the western aspects, and the
sealed road, respectively, are the most important factors influencing the selection of Goitered
Gazelle habitat in Bidouyeh protected area. According to the modeling, approximately 15% of
the Bidouyeh protected area is a suitable habitat for Goitered Gazelle.
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Introduction

Species distribution models (SDMs) estimate the relationship between the presence of species
and environmental variables at sites (Franklin, 2010; Elith et al., 2011; Wunderlich et al., 2019).
Currently, habitat suitability (HS) models have received much attention (Boyce and McDonald
1999; Guisan & Zimmermann, 2000; Manly et al., 2002; Pearce & Boyce, 2006; Barbosa et al.,
2021; Sharma et al., 2018; Evcin et al., 2049; Cisneros-Araujo et al., 2021). Predictive
geographical modeling has recently gained importance as a tool for estimating HS within a wide
range of biodiversity and management (Phillips et al., 2006; Allouche et al., 2008; Skov et al.,
2008; Song et al., 2013; Evcin et al., 2019). Conservation biology (Phillips & Dudik, 2008; Hu
and Jiang, 2010; Elith et al. 2011), managing endangered species (Palma et al. 1999; Sanchez-
Zapata & Calvo, 1999), ecosystem restoration (Mladenoff et al., 1997), species re-introductions
(Breitenmoser et al., 1999; Cassinello et al., 2006), population viability analyses (Akcakaya et
al., 1995; Akcakaya & Atwood, 1997) and human-wildlife conflicts (Le Lay et al., 2001) often
rely on habitat-suitability modeling (Hirzel et al., 2001).

The HS modeling relates a species’ occurrence to a set of environmental variables to model its
ecological niche (Hirzel & Le Lay 2008) and predict its potential distribution (Soberén, 2007;
Hirzel, 2008; Hirzel & Le Lay, 2008) Producing accurate predictions with available data is
challenging due to the lack of information regarding the great majority of species. To solve the
limitations in data, several statistical techniques and computer tools for data management have
been combined to obtain information about the conservation status, geographic distribution, and
habitat requirements of endangered species (Chefaoui & Lobo, 2007).

The recent development of Geographic Information Systems (GIS) has made it easier the study
of habitat selection, by taking into account more explicitly the spatial dimension of the data in
the analyses (Manly et al., 2002), which is highly developed in the field of Ecology (Guisan &
Zimmermann, 2000; Calenge, 2006; Traill & Bigalke, 2006; Guilbault et al., 2019). The
predictive habitat models attempt to provide detailed predictions of distributions by relating
presence or absence of a species to a set of environmental predictors that are likely to influence
the suitability of the environment for the focal species (Guisan & Zimmerman, 2000; Araldjo &
New, 2007; Elith et al., 2006; Franklin, 2010; Naimi et al., 2014). For most of the available
methods, accurate sampling of the presence/absence of the species is crucial (Hirzel et al., 2002).
Methods that predict species distribution based on presence-only data for the area focus more on
the presence area (Guisan & Zimmerman, 2000; Dormann et al., 2007). One statistical method
that can be used to generate habitat suitability maps, is the Ecological Niche Factor Analysis
(ENFA) by using the Biomapper software (Hirzel, 2001). ENFA generates HS maps by relating
species presence data with background environmental variables to determine the species’ niche
(Hirzel et al., 2002; Jiménez-Valverde et al., 2008; Rouhi et al., 2018; Hoseinnejad et al., 2019).
This program also incorporates descriptive statistics, as well as a GIS, for generating HS maps
(Traill & Bigalke, 2006; Estrada-Pena & Venzal, 2007). The ENFA has been utilized to generate
HS maps for terrestrial flora and fauna (Hirzel, 2001; Zaniewski et al., 2002; Hirzel & Avrlettaz,
2003a; Reutter et al., 2003). This modeling approach is extremely useful when absent data are
not available (Cassinello et al., 2006), unreliable, and ecologically meaningless (Reutter et al.,
2003; Bryan & Metaxas, 2007). The ENFA compares the geographical distribution of species for
presence data (Hirzel et al., 2001) which species presence has been recorded with the whole area
(Cassinello et al., 2006; Skov et al., 2008). The ENFA summarizes all predictors into a few
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uncorrelated factors retaining most of the information Therefore, the factors have an ecological
meaning: the first factor is the ‘Marginality’ and reflects the direction in which the species niche
mostly differs from the available conditions in the global area. Subsequent factors represent
‘Specialization’ (Hirzel & Le Lay, 2008). They are extracted successively by computing the
direction that maximizes the ratio of the variance of the global distribution to that of the species
distribution. The species distribution on these factors is used to compute an HS index for any set
of descriptor values (Hirzel et al., 2001). The purpose of this study was to determine the optimal
habitat for Goitered Gazelles in Bidouyeh Protected Area and to investigate the effective
variables in determining the optimal habitat to find a reasonable relationship between
management and conservation of this species in the area.

Material and methods

Target species

Goitered Gazelle (Gazella subgutturosa) is one of the species of the Bovidae family and has been
classified as Vulnerable (IUCN Red List, 2017), but evaluated as Endangered at the regional
level (Yusefi et al., 2019). Human activities have increasingly threatened the populations of
Large-body ungulates (Olson et al., 2010), because of ongoing declines due to poaching, habitat
degradation from overgrazing, competition with livestock, and industrial and commercial
development. The decline is estimated to have exceeded 30% in the last 14 years (three
generations), (IUCN Red List, 2017).

Study Area
Bidouyeh Protected Area with an area of 1680.33 Km? is located in Kerman province, Iran. this
area is in the geographical range of 56°19  to 56° 59 eastern longitude and 29°53" to 30° 17’

northern latitudes (Fig. 1).
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Figure 1. Location map of the study area and presence data
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Occurrence and Environmental Data

Lack of information about areas where species are not present complicates the use of
conventional environmental modeling tools (Guisan & Zimmermann, 2000) Because some of
these models rely on presence and absence data (Segurado & Araujo, 2004). For this reason, a
modeling technique that does not require absence data was used to identify the environmental
factors that explain both the distribution of Gazella subgutturosa in Bidouyeh as well as areas of
HS: Ecological Niche Factor Analysis (Hirzel et al., 2002; Santos et al., 2006). We used the
Ecological Niche Factor Analysis (Hirzel et al., 2002) to elaborate on the presence-only models.
This model was generated from the presence-data and independent environmental variables
selected and surveyed in this study include; topographic and geomorphological, vegetation, water
resources, and human development variables such as villages and roads. Also, by using the DEM
map, slope percentages and slope directions were prepared, elevation sea level and slope
percentage maps were classified based on the distribution of recorded points of presence in the
area in GIS software. Data layers of all variables were converted to raster maps after digitization
with 30x30 m cell size. All variables (including domain classes, vegetation classes) were
transformed into spatial variables. Biomapper software was used to perform ecological niche
factor analysis, which was a combination of statistical software and geographic information
system format. Idrisi software is compatible. All layers were uniformly separated and normalized
by Box-Cox transformation to be usable by software. The Correlation of environmental variables
was examined to include only variables with less than 85% correlation. Because the presence of
variables with a correlation of more than 85% in the analyzes can lead to large eigenvalues in the
results. If there were variables with a correlation of more than 85%, one of the variables was
removed by expert opinion. The ENFA was performed using BIOMAPPER 3.1 software (Hirzel
et al., 2004). The ENFA modeling technique computes a group of uncorrelated factors with
ecological meaning (marginality and specialization), summarizing the main environmental
gradients in the region considered. The HS is modeled using the selected factors to estimate the
ecogeographic degree of similarity between each grid square and the environmental preferences
of the species. This method estimates the probability that a given cell belongs to the
environmental domain of the presence-only observations. The resulting HS map has scores (HS
values) that vary from 0O (minimum HS) to 100 (maximum), (Chefaoui & Lobo, 2007). The
occurrence locations of Goitered Gazelle were collected during a 2-years field survey and by
using the Global Positioning System (GPS). The X and Y coordinates of the presence data
received by GPS collars were used to build the model, and a portion of occurrence records was
used to validate the model accuracy. To collect occurrence records, the distance sampling method
(Waltert et al., 2008; Thomas et al., 2010; Wu et al., 2016), direct observations, footprints, repose
imprints, feces, and tracks were used.

Results

The ENFA principle is to compare the distributions of the predictor variables between the species
distribution and the whole area (Chefaoui & Lobo, 2007). Several methods developed on these
principles show the increase in computer powerful allowing ecologists to include more and more
details (Hirzel & Arlettaz, 2003b; Wisdom et al., 2020). As a result of the increased availability
of Geographic Information Systems (GIS) and powerful statistical tools, it is now possible to
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quantify species-environment relationships and use these to predict the geographical distribution
of species from known occurrences (Guisan & Zimmermann, 2000; Lehmann et al., 2002;
Rushton et al., 2004; Gir, 2013; Fattahi er al., 2014; Kurnaz & Sahin, 2021). The resultant HS
maps produced by Biomapper are a spatial representation of HS values (0-100%) calculated for
every 30 m cell in the study area (n=65), we used all available presence data to produce a final
HS model as recommended by Fielding and Bell (1997).

Specialization indicates the extent to which species are specialized in the use of area resources
(Hirzel et al., 2001). Various combinations of environmental variables were used to produce the
habitat utility model to select the best set of variables. The criterion for selecting the best
variables is the contribution of the model created with them (the final model) to the justification
of species specialization and model validity. The obtained value for more than one indicates that
the species prefers the set of environmental conditions above the mean of the region. A degree
of specialization greater than one also indicates that the species is dependent on a limited range
of environmental conditions in the region and is specialized in the use of habitat resources. Using
the results obtained from ecological niche factor analysis, the HS map can be calculated. The HS
threshold, the value above which habitat supports Goitered Gazelle, then allowed us to consider
only the area of habitat predicted to be more suitable than the threshold (Long et al., 2008). The
first factor, called Marginality, described the distance of the species from the mean habitat in the
study area (Hirzel et al., 2002; Santos et al., 2006). Goitered Gazelle specialization rates (more
than 2.383) indicate that the species is semi-specialized in the use of habitat resources (Table 1).

Table 1. Specialization and Marginality results for Goitered Gazelle

The
Nurr_lber of - Number of specialization The rate The rate of  The rate of
variables factors . e N
explained by Specialization Marginality
used selected tolerance
Factors
20 4 67 0.42 2.383 0.752

An appropriate algorithm must be selected to calculate HS. In the software Biomapper,
algorithms of middle, geometric mean, and harmonic mean are presented to calculate HS (Hirzel
& Arlettaz, 2003a; Hirzel et al., 2004). To evaluate the accuracy of the predictions of the model
produced Boyce index and level-adjusted frequency chart are used. the Boyce index can improve
the interpretation and utilization of HS models (Hirzel et al., 2006). Based on this index, the best
algorithm can be selected to determine the classification threshold. Thus, the higher the algorithm
and the lower the standard deviation, the more appropriate the index. The HS output map consists
of a continuous map of values between the interval 0 to 100, which increases as the closer to 100
(Fig. 2), resulting in higher suitability class numbers. By interpreting the frequency diagram
adjusted by surface, one can determine the threshold of suitability and divide the habitat into
desirable and undesirable classes (Hirzel et al., 2006). In this study, by comparing the numbers
obtained from different algorithms (Table 2) and adjusted frequency diagram. The harmonic
algorithm was used to classify habitat (Fig. 3).
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Figure 2. level-adjusted frequency diagram based on the harmonic algorithm

Table 2. Boyce index calculated from different algorithms
standard deviation + Boyce index

Harmonic mean geometric-mean Medians
0.92+0.03 0.44+0.019 0.12+0.39
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Figure 3. Habitat suitability map using Ecological Niche Factor Analysis

In the ecological niche factor analysis modeling, the factors are produced by the numbers of
variables used in the analysis, the first factor explaining 100% Marginality and partial
specialization, and other factors of species’ specialization (Hirzel et al., 2001). The software
calculates the number of factors that play the most role in explaining species specialization can
be identified using the Broken-stick (MacArthur 1957). Score matrices are also provided during
factor analysis, indicating the role of each variable in species HS. The score matrix produced in
Table 3 shows the contribution of each environmental variable to the species HS. According to
Table 3, with 19% Marginality, the first factor 21% specialization, the second factor 15%, and
the third factor 12%. These three factors together account for 48% specialization of the Goitered
Gazelle.
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Table 3. Matrix scoring ecological niche factor analysis model
Specialization

Marginality . The Third
Environmental variables factor f':'?t second  factor

19% giozr factor 12%

is 15%

Distance to the village regions 0.134 0.214 -0.544 0.109
Distance to the irrigated farming -0.062 0.234 -0.021 0.008
Distance to the eastern aspects -0.14 0.1 0.006 0.033

Distance to the northern aspects -0.171 0.058 0.011 0.00
Distance to the southern aspects -0.202 -0.226 -0.142 -0.074
Distance to the western aspects -0.327 0.209 0.165 0.012
Distance to the bare lands -0.22 -0.217 -0.079 0.003
Distance to the water resource -0.033 0.013 0.122 -0.08
Distance to the elevations < 1700 m 0.322 -0.403 0.582 -0.294
Distance to the elevations 1700-2000m 0.294 -0.216 -0.147 -0.042
Distance to the elevations 2000-2300m -0.429 -0.174 -0.115 -0.051
Distance to the elevations more than 2300m -0.293 -0.009 0.012 -0.127
Distance to the dry farming -0.012 0.24 -0.119 0.517
Distance to the pastures with medium density -0.206 -0.125 -0.044 0.618
Distance to the sealed road -0.311 -0.021 0.15 -0.31
Distance to the rocks regions 0.122 0.646 -0.438 0.302
Distance to the areas with a slope of 0-2% 0.07 0.092 0.14 -0.133
Distance to the areas with a slope of 2-5% -0.234 0.073 0.041 -0.018
Distance to the areas with a slope of 5-10% -0.197 -0.005 0.092 -0.018
Distance to the areas with a slope of 10-30% -0.14 -0.022 -0.025 -0.111

Positive values of laterality indicate that the studied species prefers values more than the mean
of habitat for that variable while negative values indicate preferences of values less than the mean
of habitat. Specialization indicates the expertise of species in the use of regional resources (Hirzel
et al., 2001). This modeling technique, computes a group of uncorrelated factors with ecological
meaning, summarizing the main environmental gradients in the region considered (Chefaoui &
Lobo, 2007). The models’ evaluation consists of quantifying how accurately the map is
predicting the presence and absence of the species (Buckland & Elston, 1993; Manel et al., 2001),
as given by a set of evaluation points (Hirzel et al., 2006).

Discussion

Studying habitats has key importance for the development of wildlife conservation policies,
evaluation, and conservation (Suleman et al., 2020). The marginality is a measure of the
departure between the average of the species distribution and the average of the total distribution
(Biomapper). The positive and negative values of each variable in the marginality of the matrix
scoring table indicate the extent to which a variable is effective in the mean Goitered Gazelle
distribution so that the positive numbers indicate a higher marginality and the negative numbers
indicate a lower marginality. Based on the amount of the marginality rate, the value calculated
for Goitered Gazelle in Bidouyeh protected area was 0.752, which indicates the low tendency of
this species to select marginal habitats. Also, specialization is a measure of the choosiness of the
species about the available range of the environmental variables. Moreover, for more
reassurance, tolerance is defined as the inverse of specialization. This factor varies between 0
and 1, and the closer it is to 0, the species studied act more specialized toward environmental
variables. The tolerance factor for Goitered Gazelle was 0.46. This factor indicates that the
species has a low tolerance within its environmental conditions, in other words, Goitered Gazelle
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specializes in environmental variables in Bidouyeh protected area. The scoring matrix table and
its results show that variables the elevations 2000-2300 m, the western aspects, and the sealed
road, respectively, are the most important factors influencing the selection of Goitered Gazelle
habitat in Bidouyeh protected area. Negative numbers for the above variables indicate that by
increasing the distance from these variables, the desirability of the habitat decreases so that
Goitered Gazelle in the study area prefer the altitude range between 2000 to 2300 meters. In the
above-mentioned class, besides the lowland areas, there is a checkpoint and farm of environment
organization, this has made this variable attractive to the species because it has created a safe
area for the species. The results gained from this study are in agreement with Radnezhad et al
(2016) because their results showed that most of the desirable habitats of this species are in the
range of environmental checkpoints. The positive numbers in the scoring matrix indicate that
increasing the distance from the variable will increase the desirability of the habitat. The variable,
areas with a height of fewer than 1700 meters, are the most important factor in the table which
shows that increasing the distance from this variable will increase the desirability. The main
reason for this is the existence of residential areas and rainfed farms are among the factors that
have made these areas less important for Goitered Gazelles. Roads acted as a negative factor in
habitat suitability for Gazelles (Shams-Esfandabad et al., 2019), but in this study, roads played
an important role in habitat suitability the reason can be attributed to the Kerman-Bardsir Road,
which divides the region into two parts, as well as the presence of water sources around it.
Because water resources are very important in desirability (Ashouri-Rad et al., 2018). Also,
considering the value of the areas with a slope of 0-2% in the scoring matrix table, it seems that
this variable is not very important in the desirability of species habitat. The Boyce index was
higher in the harmonic algorithm than in other algorithms, also the level adjustment frequency
diagram was used to test the validity of the model. Based on this diagram, the harmonic algorithm
was the most ideal algorithm for classifying the desirability map.

Conclusion

Desirable habitat indicates the importance and interaction of all environmental classes used in
modeling. The study showed that approximately 15% of the area is considered a favorable habitat
for Goitered Gazelle, mostly located in the south of the region. The present study showed that
Goitered Gazelles did not avoid sealed roads under normal conditions in the area and increased
HS by decreasing the distance from this variable. The variable presence of water around the road
has made these areas attractive. The results of the study showed that favorable Goitered Gazelles
habitats are located on both sides of Kerman-Bardsir Road. It is suggested that an overpass and/or
underpass be built on the Kerman-Bardsir Road to prevent species separation and increase
interbreeding (reduction of genetic diversity).
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