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Abstract

Capparis spinosa is a medicinal plant with economic (e.g., food, animal breeding, medicine) and ecological (e.g.,
erosion control, fighting wildfires) importance that is distributed in the western and southern coastal regions of Turkey.
The MaxEnt model was used to simulate potential distribution areas of C. spinosa with the effect of environmental
conditions. The results showed that the potential suitable area of C. spinosa is 6109 hectares, mainly distributed below
1000 meters in Babadag Region. It was determined that the variables contributing to the model were bedrock, elevation,
topographic position index and hillshade index, respectively. The acquired model presented excellent performance
according to its AUC values (Training AUC: 0.909 and test AUC: 0.906). It is thought that the results revealed in the
study will provide an insight for future investigations to be carried out for the species.

Keywords: Caper, habitat suitability, MaxEnt, species distribution modeling

. Capparis spinosa'nin potansiyel cografi dagiliminin tahmini
Ozet

Capparis spinosa, Tiirkiye'nin bati ve giliney kiy1 bolgelerinde yayilis gosteren, ekonomik (6rnedin gida,
hayvancilik, ilag) ve ekolojik (6rnegin erozyon kontrolii, orman yanginlariyla miicadele) 6neme sahip tibbi bir bitkidir.
Cevre kosullarinin etkisiyle C. spinosa’nin potansiyel dagilim alanlarmi simiile etmek ig¢in MaxEnt modeli
kullanilmustir. Sonuglar, C. spinosa i¢in potansiyel uygun alanin 6109 hektar oldugunu ve Babadag Bolgesi'nde
¢ogunlukla 1000 metrenin altinda dagildigimi gostermistir. Modele katki saglayan degiskenlerin sirasiyla ana kaya,
ylikselti, topografik pozisyon indeksi ve golgelenme indeksi oldugu belirlendi. Elde edilen model, AUC degerlerine
(Egitim AUC: 0,909 ve test AUC: 0,906) gore mitkemmel performans sergiledi. Caligmada ortaya ¢ikan sonuglarin tiire
yonelik ileride yapilacak arastirmalara 151k tutacagi diisiiniilmektedir.

Anahtar kelimeler: Kapari, habitat uygunlugu, MaxEnt, tiir dagilim modellemesi

1. Introduction
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Non-wood forest products (NWFP) are among the biological elements whose sustainability has been under
threat in recent years due to reasons such as population growth, deforestation, and climate crisis. Globally, the market
share of NWFP has been reported as approximately 7.1 billion dollars. NWFP also has a large market share in Turkey.
As of 2019 data, there is an 880 million dollars market share for 250 distinct taxa in an area of 1.7 million hectares in
Turkey [1]. Among these species, taxa belonging to the genus Capparis attract attention due to their multifunctional
benefits.

The genus Capparis is represented by about 250 species in a wide area, including Southern Europe, Northern
and Eastern Africa, Madagascar, Western, central, and southeast Asia. Among these species, Capparis spinosa L. (C.
spinosa) and Capparis ovata L. (C. ovata) are widely distributed in Turkey with a total of 5 varieties [2]. Varieties of C.
spinosa are mostly distributed in the western and southern coastal regions, while varieties of C. ovata distribute in
Central Anatolia, Eastern Anatolia, Southeastern Anatolia and locally in some parts of the Black Sea [3].

The name caper, which is based on Greek, is commonly used for the C. spinosa, which is also known by
names such as kebere, gebreotu, cat's nail among the local people. Caper is a species having a number of benefits [4].
Archaeological findings give information for the aforementioned benefits. Previous research has showed that the
species was used for food and medicine in ancient times and even cultivated. At present, capers are used by many
people as an ornamental plant, cultivated for purposes such as erosion control and animal breeding, consumed as food
and directly commercialized by generating income [5]. In addition, there are studies showing that it is used for disease
treatment such as hypertension, atherosclerosis, and circulatory disorders [5]. Furthermore, Kart [6] found evidence that
these species have analgesic, anti-inflammatory, antioxidant, antitumoral, diuretic, antidiarrheal, hypoglycemic,
expectorant, antibacterial, antiallergic, antihypertensive, antifungal, and antihyperlipidemic properties

When the site factors of the C. spinosa are examined, it is seen that it is a species with production potential
on the slopes outside the irrigation area or on the slopes where no species has been cultivated previously [5]. In this
sense, determining the suitable ecological demands of the species and simulating its potential distribution areas form the
basis of both sustainable and more effective utilization [7]. Species distribution modeling is pointed out as the most
influential method that can serve this purpose [8]. Estimating the potential distribution areas of species using species
distribution models has become an important component of conservation and planning studies on rare and endangered
species [9;10], biodiversity studies [11], estimation of the effects of climate change on species distribution [12], and
invasive species [13] issues in recent years. In this direction, various modeling techniques have been developed over
time. These methods, which can be expressed as species distribution modeling, ecological niche modeling or habitat
suitability modeling depending on the structure of dependent and independent variables. They provide practical and
effective results by simulating the situations of species under various ecological and climatic conditions. For these
reasons, the mentioned methods are becoming popular day by day. In the present study, the potential distribution areas
of C. spinosa in Babadag Region (Fethiye) were determined by using Maximum Entropy (MaxEnt), which is one of the
most preferred modeling methods. Many species of non-wood forest products (NWFP), including C. spinosa, are
distributed in Babadag Region. It is important to determine the possible distribution areas of these species. In this
direction, it is thought that the results acquired from present study will contribute to the determination of the NWFP
potential of the region.

2. Material and method
2.1. Study area and species occurrence data

The study area is Babadag Region, which is located within the borders of Fethiye district of Mugla province.
The main tree species in the region are Red pine, Black pine, Crimean junipers, Taurus cedar, Mediterranean cypress
[14]. The elevation range of the study area begins at 0 meters (m) above sea level and rises to 1938 m at the peak of
Babadag. The location map indicating the study area is given in Figure 1. In the present study, field studies were carried
out in 200 sample areas and the presence data of C. spinosa were recorded at 18 locations.
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Figure 1. Location map of the Babadag Region
2.2. Environmental variables

The bioclimatic variables were downloaded from WorldClim (www. worldclim.org/data/worldclim21.html)
version 2.1 with 30 arc seconds spatial resolutions (~1 km). As a topographic variable, the elevation variable was first
downloaded from the USGS database (www.earthexplorer.usgs.gov). Then, slope, aspect, roughness, roughness,
shadowing, topographic position index bases were created by using the elevation pad in ArcMap software. Then, the
layers for the aspect suitability index, heat index, and radiation index were created with the formulas in the literature.
Finally, a total of 31 variables were determined by obtaining the bedrock map from the General Directorate of Mineral
Research and Exploration (https://www.mta.gov.tr/en/) and the canopy shading map from the forest management data
of Turkey General Directorate of Forestry.

2.3. Variable selection and statistical analysis

To reduce the multicollinearity issues, Pearson’s correlation analysis was performed on environmental
variables. Among the variables that were determined to be highly correlated (Pearson’s R > 0.80) with each other, they
were eliminated based on expertise. In other words, the variable known to be effective in the distribution of the species
(according to the literature) was selected from two highly correlated variables [11].

Maximum Entropy (MaxEnt) method was employed to model the C. spinosa species. MaxEnt is one of the
most preferred methods in modeling studies in recent years. The fact that the MaxEnt method, which only works with
presence data, reveals more descriptive results with less data, is shown as one of the main reasons for the frequent use
of the method. In the study, bootstrap option with 10 test percentages and 10 replicates were preferred as modeling
parameters [15]. The bootstrap method was used because it gives better results with less data. As a result of the
analyses, a potential distribution map and values ranging from 0-1 were obtained. Within the scope of the study, areas
with values above 0.5 were accepted as potential areas. In this context, the final map was created by accepting the value
of 0.5 as the threshold value.

Factor Analysis of Mixed Data (FAMD) method was used to reveal the potential effects of variables not
included in the formation of the Maxent model. As a result of the analysis, the component with the highest explanation
for C. spinosa was determined, and the variable with the highest correlation with that axis was associated with the
distribution of the species.
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3. Results

Previous literature has highlighted those environmental variables affect the distribution of species [16;17].
Therefore, the environmental variables to be employed in this study were determined based on the findings of these
studies. Then, correlation analysis was performed between these variables to eliminate the multicollinearity problem.
Pearson’s Correlation analysis results are given in Figure 2.
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Figure 2. Results of the Pearson’s Correlation analysis

As a result of this analysis, it was determined that 12 variables among the climatic and topographic variables
could be used in the modeling. The variables that were included in the modeling are given in Table 1.

Table 1. Selected variables using Pearson’s Correlation analysis

Variables Variables

Elevation Roughness

Slope Topographic position index (tpi)

Heat index Canopy shading (canopysh)

Radiation index (radind) Bedrock

Hillshade Mean diurnal range (bio2)

Ruggedness Maximum temperature of warmest month (bio5)
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In the present study, geographical distribution of C. spinosa that located in Babadag Region, Fethiye, was
assessed with Maximum Entropy method, considering environmental and climate variables. The Area Under Cover
(AUC) value of the potential distribution model obtained as a result of the analysis was examined. The model
performances were evaluated based on the AUC values (Training AUC: 0.909, Test AUC: 0.906).

The results showed that the most important variables affecting the distribution of the C. spinosa were
bedrock 1 and 5 (alluvial and ophiolite), elevation, tpi, and hillshade, respectively. The marginal response curves of the
variables indicated a negative relationship with elevation. The effects of the variables that create the model and the
relationship between the target species and the response curves are examined. The responding curves of the variables
contributing to the model are given in Figure 3.
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Figure 3. Marginal response curves of the variables contributing to the model

The prediction map provided by the MaxEnt program was arranged using ArcGIS software. The resulting
map shows the potential distribution and suitable areas of the species C. spinosa (Figure 4a). In addition, the potential
distribution map was classified according to 0.5 threshold value in terms of predictive values, and then a suitability map
was created (Figure 4b).
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Figure 4. Potential distribution (a) and suitable areas (b) maps (0.5 threshold) of C. spinosa

On the figure 2b, the potential areas where the C. spinosa species is most likely to exist are displayed in red
while the unsuitable areas for the species are blue.

Only 4 of the variables included in the modeling process (bedrock, hillshade, tpi and elevation) were included
in the model obtained by the MaxEnt method. However, other variables are also likely to have an effect on the
distribution of the species directly or indirectly. In modeling studies, evaluations are generally made on the variables
that create the model. However, this does not mean that other variables have no effect. It is obvious that the predictive
maps obtained with the variables that create the model offer practical application opportunities in practice. It is one of
the best examples that can be given to the aforementioned applications, especially since it is an excellent base for
breeding studies to be carried out in the natural areas of the species. However, this should not cause other variables to
be ignored. Therefore, FAMD was applied in order to determine the effects of the variables not included in the MaxEnt
model. The reason for using FAMD is that there are both continuous and categorical variables in the data. Principal
component analysis (PCA) is preferred if all of the data are continuous, and multiple correspondence analysis (MCA) is
preferred if all of the data are categorical. However, FAMD can work with both data types and is expressed as a version
of PCA that can work with both categorical and continuous data [18].

The predictive values in the model map obtained by the MaxEnt method were also included in the MAFD as
a variable (C. spinosa) to determine the effect of the variables on the species distribution. The eigenvalues and variance
explanation rates obtained for the components as a result of MAFD are presented in Table 2.

Table 2. Eigenvalues and variance explanation ratios of components

Components Eigenvalue Percentage of variance Cumulative percentage of variance
Component 1 3.932377 35.748886 35.74889
Component 2 2.035578 18.505253 54.25414
Component 3 1.438370 13.076094 67.33023
Component 4 1.062831 9.662096 76.99233
Component 5 0.774047 7.036791 84.02912

While commenting on the components, it is expected that the eigenvalue should be greater than 1% and the
variance explanation rate greater than 10% [19]. Component 1 component 2 and component 3 meet these conditions.

Prediction of potential geographic distribution of Capparis spinosa
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That’s why, evaluations were made on these three variables. Square Cosine values (cos?) were used to evaluate the
relations of the variables with the components (Table 3).

Square Cosine is a measure obtained as a result of PCA. When PCA transforms the dataset into a set of
interconnected components, it obtains weight vectors that represent the relationship of each component with the original
dataset. Sometimes, "cosine similarity” is used to measure the similarities between these weight vectors. Cosine
similarity represents the angle between two vectors and expresses the similarity between vectors as an angle.

Square Cosine is calculated by taking the square of the cosine similarity value. It is a measure that assesses
the similarity of each component with other components and is used in interpreting PCA results. If the square cosine
value is close to 1, it indicates that two components are highly similar. If the value approaches 0, it means that two
components are completely opposite to each other. These values are used to understand the relationships between
variables in the dataset and to evaluate the accuracy of PCA results.

Table 3. Square Cosine values of the components

Component 1

Component 2

Component 3

slope 0.795412
radind 0.000203
heatind 0.597991
ruggedness 0.161884
roughness 0.751617
bio2 0.003275
bio5 0.097201
canopysh 0.001135
C. spinosa 0.061751

0.000000
0.246500
0.003228
0.035264
0.000100
0.333213
0.067752
0.068868
0.001242

0.000005
0.148542
0.003429
0.002769
0.000927
0.002923
0.001705
0.002406
0.261998

As seen in Table 3, C. spinosa, the variable belonging to the predictive values, showed the highest cos? value
with component 3. Therefore, the relationship of C. spinosa with other variables was interpreted only through
component 3. In addition, it was seen that the variable with the highest cos? value with component 3 was radind. It was
determined that the values of other variables were quite low. Therefore, only radind could be associated with C.

spinosa.
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Figure 5. MAFD graph
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According to component 3, there exists a negative relationship between C. spinosa and radial variables as
illustrated in Figure 5. This relationship is determined through the utilization of aspect values that range from 0 to 1. As
the value approaches 1, it signifies southern aspects characterized by greater insolation, whereas lower values
correspond to northern aspects characterized by comparatively lower temperatures.

4. Conclusions and discussion

C. spinosa is a species that exhibits a widespread distribution across a considerable geographic range, while
also holding economic significance [20;21]. Studies conducted on the species in different regions have revealed that
factors influencing the species' distribution can vary depending on regional disparities [22]. Therefore, determining the
habitat requirements of C. spinosa in different regions is of paramount importance for sustainable utilization. In this
context, the MaxEnt method was employed in the study to identify the factors affecting the distribution of C. spinosa.
Subsequently, the Factor Analysis of Mixed Data (FAMD) method was utilized to assess the extent to which non-
included variables affect the species' distribution. According to MaxEnt results, it has been determined that the model
performance and predictive power are excellent [23]. Swets [24] categorized AUC values as excellent (AUC>0,90),
good (0.90>AUC>0.81), fair (0.80>AUC>0.71), poor (0.70>AUC>0.61) and fail (AUC<0.60). The marginal response
curves of the variables indicated a negative relationship with elevation. The effects of the variables that create the model
and the relationship between the target species and the response curves are examined. The responding curves of the
variables contributing to the model are given in Figure 3. When the marginal response curves were examined, it was
determined that the species preferred alluvial, and ophiolitic types as bedrock preference. The hillshade index also
indicate that potential distribution areas of C. spinosa decreased in shading conditions with higher 200 values. In other
words, the hillshade index showed that the species prefers shaded areas in all other aspects, except for the northern
aspects. Topographic position index, which is another variable that contributes to the model, it is seen that the areas
where C. spinosa species are widely distributed are plain and concave areas. A negative relationship was observed
between elevation, which is the last variable contributing to the model, and potential suitable areas. In terms of studies,
there are findings stating that the C. spinosa prefers low elevations, that it is a species that makes tap roots and can take
its roots deep [5]. Therefore, the determination of elevation as an important variable for the present study might be due
to the negative relationship between elevation and soil depth. On the other hand, Ashraf et al. [20] identified biol2 as
one of the most important variables affecting the distribution of C. spinosa. In this study, it was determined that
elevation showed a very high correlation with biol2 (Figure 2), and in this respect, it was aligned with the mentioned
study. It has been concluded that there is a negative, but relatively more curvilinear relationship with the hillshade and
tpi variables contributing to the model, similar to elevation. In terms of bedrock variable, it has been determined that
there are 5 (alluvial, carbonate, limestone, detrial and ophiolitic) different bedrock types in the study area, of which
alluvial, limestone and ophiolitic type rocks represent potential suitable areas. The areas with alluvial, limestone, and
ophiolitic rock structures below 1000 meters in Babadag Region are potential suitable areas for C. spinosa. In addition,
it prefers plain and concave areas and shady areas on slope positions except for the northern. As can be understood from
the evaluations of the model obtained from the MaxEnt method, the results coincide with the findings of the researchers
regarding the C. spinosa [19;21].

The predictive map obtained for C. spinosa has been thresholded at a value of 0.5, categorizing areas into
suitable and unsuitable categories. As a result of this classification, a predictive map consisting of two distinct colors
has been generated. It is evident from this map that the species shows a preference for areas within the study area
characterized by noticeably lower elevations. These areas also correspond to regions with relatively higher soil depth.
These findings provide valuable insights into the distribution of the species within the study area.

The natural regeneration of C. spinosa primarily occurs through seed dispersal, although it is relatively weak.
The species' seeds can remain dormant in the soil for extended periods and sprout after a few years. Therefore, it is
crucial to investigate the seed germination biology, primary agricultural techniques for plant breeding, and the species'
habitat requirements. The root system of C. spinosa reaches deep underground moisture sources, typically at depths of
10-18 meters or more [21]. Furthermore, its extensive root system and ground cover effectively prevent soil erosion.
The plant stores moisture in its leaves, making it resilient against drought and summer heat, eliminating the need for
irrigation. Additionally, C. spinosa is fire-resistant, making it suitable for planting in fire breaks to combat wildfires.
The species also has significant economic value for food and medicinal purposes. Therefore, conserving and cultivating
C. spinosa in appropriate natural areas is crucial for sustainable utilization. Modeling studies are valuable tools for
understanding the ecological needs of the species. However, the study's findings suggest that relying solely on modeling
methods may not sufficiently characterize the species' distribution. Consequently, incorporating different statistical
approaches would be beneficial, and the results obtained using FAMD in this study serve as a notable example in
addressing the aforementioned issue.
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