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Abstract: The present report includes the current population size of 

feral horses in Mount Menoikio, as well as a prediction about 

their future population trends. This information can serve as a 

baseline for the future in creating a holistic management 

program for feral horses. Moreover, a habitat suitability map 

has been created, via HSI to predict potential segments that 

can support and sustain populations of feral horses. Finally, 

home range size, daily movements, habitat selection and 

habitat suitability were calculated using telemetry data. The 

above information will provide a better understanding of 

habitat ecology and behavioral biology of wild horses, which 

will contribute to conserving and managing these iconic 

species. 

More information about the project  

https://bioinnovate.eu/  

https://www.facebook.com/groups/997068587326580  

 

Disclaimer: The contents of this report  are sole responsibility of Aristotle University of 

Thessaloniki - Special Account for Research Funds - Department of Veterinary Medicine and 

can in no way be taken to reflect the views of the European Union, the participating countries 

the Managing Authority and the Joint Secretariat.   
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Structure and viability of the Feral Horse  (Equus ferus 

caballus ) population in Mount Menoikio, Greece  

 

1. Introduction 

Historically, horses thrive in Asia and spread through Europe. The free ranging horses 

in Greece come from a domesticated stock and therefore are not truly wild, but rather 

feral. Free ranging horses are highly social animals and are found in three types, of 

family units known as bands. The harem band consists of a single stallion, a lead 

mare, other mares and their offspring. Multi-male bands resemble harem bands but 

consist of more than one male (Bennett & Hoffmann 1999). And finally, a less 

cohesive group consisting of only males and is called bachelor band (Bennett & 

Hoffmann 1999). Typical herds can have about 5-11 mares and 1-4 stallions and 

young individuals. 

The mating system of horses is polygyny (Bennett & Hoffmann 1999, Linklater, et al. 

1999). Males can reproduce year-round but are most active from April to June. 

Females are polyestrous during the breeding season and go into an estrous period on 

average every 21 days, each lasting an average of 6.5 days. The gestation period is 

335 (range 287-419) days. Births take place in spring or autumn of the next year. 

Usually only one foal is produced annually and twins are rare (Bennett & Hoffmann 

1999, Ensminger 1969). 

Population viability analysis (PVA) is a useful tool for estimating the trend and the 

extinction probability of a population and helps conservationists to evaluate 

management scenarios ensuring the viability of the population under study (Brook et 

al. 2000, Lacy et al. 2021). Small populations are extremely vulnerable due to 

inbreeding, demographic instability and environmental fluctuations (Thirstrup et al. 

2009). The estimates of the demographic parameters of this research are tentative 

based on the demographic parameters of other well studied populations (Thirstrup et 

al. 2009). Data on the demographic parameters of the existing population must be 

gathered for about 8-10 years, so additional research is needed for more reliable data.  

The aim of this research was to report the data on population size and trend of the 

feral horses found in Menoikio Mountain, Greece and fill the existing knowledge gap 

that will aid in informing management alternatives for the conservation of feral 

horses. 
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2. Materials and methods 

2.1. Study area 

The study took place in Mount Menoikio, which is located between the Prefectures of 

Serres and Drama. The broader area of Mount Menoikio encompasses two protected 

areas of the Natura 2000 network; the Special Area of Conservation "Peaks of 

Menoikion Mountain- Kouskouras Mountain - Hill - Pelade Cave" (GR1260004), and 

the Special Protection Area "Valley of Timios Prodromos-Menoikion" (GR1260009). 

These mountainous areas accommodate a variety of flora and fauna species, while the 

main economic activity of the region is the free-range livestock farming.  

2.2. Population structure 

The population size and the identification of possible herds were estimated in 2020. 

Five aerial surveys (1 in winter, 1 in spring, 1 in summer and two in autumn) of the 

entire horse population were conducted in the study area with the use of drones. 

Pictures of the individual bands or family groups were taken with numbers of adults 

and juveniles in each band recorded. Body size was used to identify juveniles. In 

parallel vantage points were used in order to scan the study area. Also, a total of 5 

trail cameras (Armcrest ATC-1201) were deployed in the study area during the 

summer of 2020. The cameras were stayed in the field for 15 consecutive days and the 

recorded continuously. 

2.3. Population viability analysis 

2.3.1. Basic scenario 

Population viability analysis (PVA) is a tool for endangered species management and 

conservation due to the focus on species limitation factors. We used the Vortex 

simulation software (version 10.5.5.0) in order to build a PVA model with the 

demographic parameters of the Menoikio Mountain population of Feral Horses (Table 

1). The data were collected from field work in the study area, published studies and 

researchers who have worked on the ecology and protection of the species 

(unpublished data). The simulations were started from the year 2021 and the initial 

population size was 80 individuals. We calculated the stochastic population growth 

rate (rstoch) by dividing the population size of a given year to the size of the population 

of the previous year for each scenario. We performed 1000 iterations in order to 

estimate the likelihood of the future existence of the species for a period of 100 years 

(approximately 12.5 generations). The deterministic growth rate (rdet) was calculated 

by Vortex. 
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Table 1. Input parameters used in the basic scenario for the Population Viability Analysis of 
the Feral Horse (Equus ferus caballus) in Menoikio Mountain. 

Parameter Feral Horses 

Lethal equivalent 6.29 

Percentage attributable to recessive lethals 50 

Reproductive system Long-term polygyny 

Minimum age of breeding, yr 3 

Maximum age of breeding, yr 23 

Sex ratio 1:1 

Percentage of litter size 0 86.24 

Percentage of litter size 1 13.76 

Mortality rate at 0 to 1 yr нлΦлл ҕ мΦс 

Mortality rate at 1 to 2 yr млΦлл ҕ лΦус 

Mortality rate at 2 to 3 yr фΦлл ҕ мΦм 

Mortality rate at adult мΦлл ҕ лΦр 

Percentage of males in the breeding pool 10.23 

Specified age distribution No 

Initial population size 80 

Density-dependent reproduction No 

Carrying capacity фл ҕ ф 
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The population of Wild Horses in Menoikio Mountain is disjunct and isolated; hence 

we assumed that immigration and emigration are unlikely to occur. The probability of 

extinction of the population was obtained by dividing the number of simulations in 

which the population had disappeared by the total number of simulations. We defined 

that extinction occurs only when one sex remained in the population. We considered 

the age of sexual maturity and first breeding the 3rd year (Linklater et al. 2004). 

Gestation in horses lasts 11 months and mares produce 1 progeny per year (Hammond 

1960, Rossdale & Short 1967). The maximum age of reproduction was 23 years 

(Zimmerman et al. 2006) and the life span was set at 36 years (Bennett & Hoffmann 

1999). The generation time is 8 years and the sex ratio is 1:1 (Thirstrup et al. 2009). 

Data on age class distribution were not available so the initial population of the Wild 

Horse was distributed to the different age classes by the Vortex software according to 

the expected age distribution calculated from the birth and death rates. The 

reproductive system was modeled as long-term polygyny (Zimmerman et al. 2006). 

The reproduction of the species was included as density-independent because it was 

not possible to detect density-dependent breeding on our population. Data obtained 

from long-term monitoring studies (Zimmerman et al. 2006) showed that wild horse 

populations have an average of 50.8% of annually breeding females and the standard 

deviation due to the environmental variation was 9.5%. The carrying capacity (K) of 

the area was estimated by the maximum observed population size plus 10% (Thirstrup 

et al. 2009). The standard deviation of carrying capacity due to environmental 

variability was set to the 10% of the carrying capacity and estimated at 9 individuals 

(Thirstrup et al. 2009). 

The likelihood of a mare giving birth to one foal per year was 13.76%, while not 

giving birth the same year was 86.24% (Thirstrup et al. 2009). The distribution of the 

existence of one offspring per female per brood was calculated automatically by the 

program as 100%. Also, the percentage of males in the breeding pool was estimated at 

10.23%. We assumed that about 5 mares account to 1 stallion, so the Vortex estimated 

the mate monopolization by the number of mates per breeding male. Vortex makes 

these calculations based on the assumption that mating success by males is distributed 

according to a Poisson distribution. The loss of heterozygosity was introduced to the 

models by using the 6.29 default lethal equivalent per diploid chromosome given in 

Vortex for the initial population. This determines the value at which survival is 

reduced because of inbreeding (Lacy et al. 2021). Mortality rates per age class were 

taken from the literature (Thirstrup et al. 2009) (Table 1) and considered the same for 

both sexes. 

2.3.2. Catastrophic events 

Storms and diseases were modeled as catastrophic events. Catastrophic events are 

unpredictable, and the frequency of occurrence was set at 4% and 10% probability of 

occurring in any one year (Zimmerman et al. 2006). Each event was modeled under a 

severity factor (range: 0-1) (Lacy et al. 2021). The effect on fecundity was set at 1 (no 

reduction) and the effect on survival was set at 0.92 (8% reduction) and 0.97 (3% 

reduction) for storm and disease, respectively. 
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2.3.3. Supplementation scenario 

The possible supplementation of the current population was modeled. Ten adult 

horses (9 mares and 1 stallion) per year were supplemented for 25 consecutive years, 

i.e., a total of 250 individuals. The carrying capacity of this model was set at the level 

of unlimited carrying capacity (1000 individuals). The supplementation was planned 

to occur during the years 2026 ï 2051. All other parameters remained stable as in the 

basic scenario. 
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3. Results 

3.1. Population structure 

The Feral Horse population of the Menoikio Mountain consisted of two possible herds 

and a maximum of 80 individuals, of which the 3 were foals (Table 2). Adult horses 

categorized according to their color pattern into four categories: white, grey, chestnut 

and dark brown. Chestnut was the commonest color pattern in the horse population, 

followed by the dark brown, the white and the grey. The highest number of adult 

horses observed during summer and autumn, while the winter we counted the fewer 

individuals. The first foal observed during the spring and in summer the population 

counted three foals.  

 

Table 2. Number of adult and foal Feral Horses (Equus ferus caballus) recorded 

seasonally in Menoikio Mountain. The maximum number of horses belonging to 

each color pattern is also reported. 

 Winter 

(13/02/20) 

Spring 

(17/05/20) 

Summer 

(31/07/20) 

Autumn 

(24/10/20) 
Max 

White 7 12 14 16 16 

Grey 2 2 2 2 2 

Chestnut 15 31 36 36 36 

Dark brown 15 20 23 22 23 

Adults 39 65 75 76  

Foals  1 3 2 3 

Total 39 66 78 78 80 
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a) 

 
b) 

Image 1 (a-b). Feral Horses counted during the winter of 2020 in the Menoikio 

Mountain. Different circle colors indicated different color patterns of horses. 
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c) 

 
d) 

Image 2 (a-d). Feral Horses counted during the spring of 2020 in the Menoikio 

Mountain. Different circle colors indicated different color patterns of horses. 
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e) 

 
f) 

 
g) 
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h) 

Image 3 (a-h). Feral Horses counted during the summer of 2020 in the Menoikio 

Mountain. Different circle colors indicated different color patterns of horses. 
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c) 

Image 4 (a-c). Feral Horses counted during the autumn of 2020 in the Menoikio 

Mountain. Different circle colors indicated different color patterns of horses. 
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3.2. Population viability analysis 

 

3.2.1. Basic scenario 

The population of the Feral Horse in the Menoikio Mountain increased since the 30 

first years of simulations and decreased during the period of 100 years. The mean 

deterministic growth rate (rdet range100 years = -0.0605) and the stochastic growth rate 

(rstoch range100 years = -0.0269) of the population were negative. The probability of 

extinction was 72.9 %, and the mean time of extinction (TE) was the 88.7 years. 

Interestingly, even under the unlimited carrying capacity scenario the population 

showed a negative growth rate (rstoch = -0.0310), with a medium possibility of 

extinction (PE100 years = 0.4880) and a mean time of extinction (TE) of 91.7 years. 

 

 

Figure 1. Trend of the Feral Horse (Equus ferus caballus) population under the basic 

and the unlimited carrying capacity scenarios simulated (100 years) in the Menoikio 

Mountain. The carrying capacity was set 1000 ҕ 100 individuals. All other parameters 

remained stable as in the basic scenario. 
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3.2.2. Catastrophic events 

Catastrophic events had a little effect on the population of Feral Horses and showed 

the similar trend as the basic scenario. Specifically, both storm events and diseases 

resulted in negative growth rates (storm: rstoch = -0.0286, disease: rstoch = -0.0291). The 

possibility of extinction of the population was 78.3% for storm events and 78.4% for 

diseases. The mean TE under storms and diseases was 88.2 and 87.3 years, 

respectively. 

 

Figure 2. Trend of the Feral Horse (Equus ferus caballus) population under two 

catastrophic scenarios: storm events and diseases simulated (100 years) in the 

Menoikio Mountain. Storm event inserted with a frequency of occurrence 4%, while 

the disease with a frequency of occurrence 10%. The effect on fecundity was set at 1 

(no reduction) and the effect on survival was set at 0.92 (8% reduction) and 0.97 (3% 

reduction) for storm and disease, respectively. All other parameters remained stable 

as in the basic scenario. 
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3.2.3. Supplementation 

The introduction of 10 horses (9 mares and 1 stallion) per year for 25 consecutive 

years resulted in a negative growth rate (rstoch = -0.0158). However, the population 

had an extremely low possibility of extinction (1.2%) and a time of extinction of 98.5 

years. 

 

Figure 3. Trend of the Feral Horse (Equus ferus caballus) population under the 

supplementation scenario simulated (100 years) in the Menoikio Mountain. Ten 

adult horses (9 mares and 1 stallion) per year were supplemented for 25 consecutive 

years, i.e., a total of 250 individuals. The carrying capacity of this model was set at 

1000 individuals. The supplementation was planned to occur during the years 2026 ς 

2051, indicated by the arrows. All other parameters remained stable as in the basic 

scenario. 
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4. Discussion 

The primary issue of interest to this research was to determine the population size and 

evaluate its viability. Our results showed that the population consists of about 80 

horses with only 3 foals. These horses belong to 4 different color patterns that allow 

their more accurate counting. The results from the basic scenario of the PVA 

indicated that the population of the Feral Horses in Menoikio Mountain is likely to be 

extinct during the next 100 years under the current conditions. The increase in the 

carrying capacity of the area had a positive effect on the viability of the population by 

reducing the probability of extinction of the population. Also, catastrophic events, 

including storms and diseases showed to have a similar effect on the viability of the 

population resulting to a population trends like that of the basic scenario. Finally, the 

viability of the population showed to be high after the supplementation of the current 

population with 250 individuals over a period of 25 years. 

The parallel use of trail cameras and the aerial censuses conducted gave reliable 

results on the structure and size of the horse population. Horses are not territorial and 

their social organization is affected by food availability and not by density regulation 

factors (Berger 1977, Rogers 1991). According to the simulations the current 

population will become extinct in approximately 88 years. The current population is 

closed with no immigration or emigration events which increases the inbreeding 

possibilities. Horse populations maintained at sizes of 80 to 100 individuals may 

avoid inbreeding problems. However, a population of such number of horses may still 

exhibit inbreeding depression, but that it is likely to be less severe than in smaller 

populations (Frankham et al. 2002, Ballou et al. 2008). The unlimited carrying 

capacity scenario reduced the probability of extinction but the population showed a 

negative trend. The mortality due to wolf predation to adults and foals, along with the 

low birth rates probably are responsible for the negative trend of the population even 

under unlimited carrying capacity. 

Catastrophic events showed to affect our population with considerable extinction risk. 

However, their severity was extremely low and the population showed the same trend 

as when modeled with no catastrophes. Diseases and storms may occasionally reduce 

horse populations (Moehlman 2002). Feral horses on the Assateague Island are 

affected by storm events and their population fluctuates according to their severity 

(Ballou et al. 2008).  

Horse populations may show high variation of mare fecundity. The foaling rate 

(percentage of mares with foals) is extremely low in our population. The small 

percentage of mares in the breeding pool detrimental and must be increased in order 

to sustain a viable population. The supplementation of the population with horses for 

unrelated populations may decrease mortality due to inbreeding and increase the 

fecundity of females (Slotta-Bachmayr et al. 2004). In order to sustain a viable 

population and reduce the extinction risk the population must be supplemented for 25 

consecutive years with adult 9 mares and 1 stallion per year. These individuals must 
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enter the reproductive circle of the herd. So, the birth rates may increase contributing 

to the increase of the population. 

These detailed projections provide information of the long-term dynamics of the Feral 

Horse population and thereby a better guidance on its management. So, an integrated 

approach to management must maintain a viable population of horses. 
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Home range, habitat selection and habitat suitability by 

feral horses ( Equus ferus caballus) in Mount Menoikio, 

Greece 
 

1. Introduction 

Understanding how animals use landscapes to fulfill their demands for resources and 

how those animals establish and use their home ranges is of great importance for 

conservation planning and management of wildlife (Morrison et al. 1998, Kernohan et 

al. 2001). Home range size and habitat use are mainly driven by the abundance, 

availability and distribution of resources, as well as the structure of the surrounding 

landscape (Jenkins 1981, Willems and Hill 2009, Beyer et al. 2010). 

Feral horses (Equus ferus caballus) exhibit a variety of movement patterns that often 

vary seasonally and inter-annually (Feist 1971, Pellegrini 1971). For example, some 

populations migrate to higher elevations during summer months, while others show 

little change in inter-annual use patterns (Girard et al. 2013b, Hennig et al. 2018). 

Feral horsesô ranging behaviour has been found to be driven by the combination of 

selective forces of predation, water stress, food availability, and thermoregulation 

(Ransom and Cade 2009). 

In Greece, our understanding of the ranging behaviour and habitat requirements of 

feral horses is lacking, and even basic information such as population size and 

distribution is not available. This may be partly explained by the illusive nature of 

horses and the remote and rugged territories that they occupy, both of which pose 

logistical and methodological challenges in studying them. 

Fortunately, over the past few decades, advances in monitoring technology have 

greatly complemented our scientific toolset, and, currently, modern satellite GPS 

devices can collect accurate and continuous animal location data (MoÇbrucker et al. 

2016). These data can be collected over long periods of time, without requiring 

extensive field work from researchers (Ropert-Coudert and Wilson 2005, Wall et al. 

2014). In addition, there is a vast array of statistical approaches by which these data 

can be analyzed (Seidel et al. 2018), depending on the research questions of the study. 

In this context, the objective of this research is to report the first ever data on home 

range size and habitat selection of free ranging feral horses found in Mount Menoikio, 

Greece and fill the existing knowledge gap that will aid in informing management 

alternatives for the conservation of feral horses. 

 

2. Materials and methods 

2.1. Study area 



 

The Project is co-funded by the European Regional Development Fund (ERDF) 
and by national funds of the countries participating in the   Interreg V-A 

Ȱ'ÒÅÅÃÅ-Bulgaria 2014-ςπςπȱ #ÏÏÐÅÒÁÔÉÏÎ 0ÒÏÇÒÁÍÍÅȢ  

26 

 

The study took place in Mount Menoikio, which is located between the prefectures of 

Serres and Drama. The broader area of Mount Menoikio encompasses two protected 

areas of the Natura 2000 network; the Special Area of Conservation "Peaks of 

Menoikion Mountain- Kouskouras Mountain - Hill - Pelade Cave" (GR1260004), and 

the Special Protection Area "Valley of Timios Prodromos-Menoikion" (GR1260009). 

These mountainous areas accommodate a variety of flora and fauna species, while the 

main economic activity of the region is free-range livestock farming.  

2.2. Location data 

Between September and October 2020, two randomly selected mares (identified as H1 

and H2 respectively) were captured. Mares where chosen over stallions, as they are 

more likely to remain within the same harem in relation to stallions (Girard et al. 

2013b). 

 

Image 1. Mare fitted with a Lotek Wireless Litetrack Iridium TL-500 GPS collar. 

 

Each horse was fitted with a Lotek Wireless Litetrack Iridium TL-500 GPS collar and 

released back into the study area. Collars were programmed to record GPS locations 

at 1-hour intervals, for a duration of two years following deployment. Each collar 

included 2-way communication, allowing daily download of horse locations. Collars 

recorded the date and time, location (latitude and longitude), elevation, ambient 

temperature, type of fix status, and dilution of precision (DOP). In addition, collars 

were furnished with a remote drop-off mechanism, which allows collar removal 

without recapture.  



 

The Project is co-funded by the European Regional Development Fund (ERDF) 
and by national funds of the countries participating in the   Interreg V-A 

Ȱ'ÒÅÅÃÅ-Bulgaria 2014-ςπςπȱ #ÏÏÐÅÒÁÔÉÏÎ 0ÒÏÇÒÁÍÍÅȢ  

27 

 

Before conducting any analyses, location fixes with DOP values >5 were removed, as 

they are considered inaccurate (D'Eon et al. 2002, Lewis et al. 2007). Inaccuracies 

usually result from poor satellite reception, due to environmental interference (e.g. 

dense forests, tall trees) (Rempel and Rodgers 1997, Dussault et al. 1999). 

 

2.3. Home range size 

Home ranges exhibited little interannual variation, thus a single home range was 

developed for each individual for the entire study period. Home range size of each 

collared horse was defined using two different methods; the minimum convex 

polygon (MCP) and the kernel density (KD) method. 

MCP calculates home range size by drawing a convex polygon around the relocation 

points of an individual (Hayne 1949), and is one of the most widely used methods of 

calculating home range (Laver and Kelly 2008). On the other hand, KD is a non-

parametric statistical approach for estimating probability densities from a set of 

location points (Worton 1989), and is considered more accurate in estimating home 

range size than MCP (Bºrger et al. 2006). However, both these methods share similar 

limitations related to sample size (Girard et al. 2002), time scales (Gautestad and 

Mysterud 1993), seasonal and behavioral variations (Harris et al. 1990, Hoset et al. 

2008). Home range size for each horse was calculated in R (R CoreTeam 2015) using 

the adehabitatHR package (Calenge 2006) and the resulting outputs were screened in 

ArcMap (ESRI 2011) for visualization purposes. 

In addition, we used the adehabitatLT (Calenge 2006) package to calculate the daily 

distance travelled by each individual, as well as the distance between each relocation 

point. 

 

 

 

2.4. Habitat selection 

2.4.1. Environmental variables 

Environmental variables for the study area were available with a spatial resolution of 

100 m Ĭ 100 m pixels. Each pixel was characterized by 11 variables related to land-

use type and topography (Table 1 and Figure 1). The CORINE Land Cover map 

(CLC18) was used to calculate the Euclidean distance from each land use type. A 

digital elevation model (DEM) was available for the entire study area, from which we 

also calculated slope and aspect, a topographic ruggedness index (TRI) and an index 

of solar radiation (SR). Finally, we calculated the Normalized Difference Vegetation 

Index (NDVI) for the study area, using Landsat 8 images from the USGS Earth 
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Explorer. All variables were created in ArcMap (ESRI 2011) and screened in R (R 

CoreTeam 2015). 
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Table 1. Description of environmental variables used in K-select and Mahalanobis D2 suitability.  

Variable Abbreviation Description Value range 

Topographic ruggedness 
index* 

TRI Amount of elevation difference between adjacent cells of a Digital Elevation Model (DEM) 
(Riley et al. 1999) 

0,243 ς 0,776 

Solar radiation* SR Amount of incoming solar radiation 219149 ς 774261 

Elevation* DEM Digital elevation data (ASTER) 561 ς 1282 (m) 

Slope* Slope Slope in degrees calculated from the DEM 0,142 ς 40,681 

Aspect* Aspect Aspect values identifying the compass direction that the downhill slope faces for each location 
(pixel) 

0 ς 360  

Normalized Difference 
Vegetation Index*** 

ndvi NDVI is a dimensionless index that describes the difference between visible and near-infrared 
reflectance of vegetation cover and can be used to estimate the density of green on an area of 
land (Weier and Herring 2000) 

-0,022 ς 0,344 

Distance to broadleaved 
forests** 

Broad Euclidean distance from broadleaved forests 0 ς 2076,24 (m) 

Distance to pastures** Pasture Euclidean distance from pastures 0 ς 8446,04 (m) 

Distance to sparsely vegetated 
areas** 

Sparse Euclidean distance from sparsely vegetated areas 0 ς 8241,82 (m) 

Distance to natural 
grasslands** 

Grass Euclidean distance from natural grasslands 0 ς 2152,99 (m) 

Distance to sclerophyllous 
vegetation** 

Sclero Euclidean distance from sclerophyllous vegetation 0 ς 3184,81 (m) 

*Variable derived from DEM 
**Variable derived from CORINE land cover map 
***Variable derived from Landsat 8 images  
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Figure 1. Graphical illustration of the 11 environmental variables use in K-select and 

Mahalanobis D2 suitability.  

 



 

The Project is co-funded by the European Regional Development Fund (ERDF) 
and by national funds of the countries participating in the   Interreg V-A 

Ȱ'ÒÅÅÃÅ-Bulgaria 2014-ςπςπȱ #ÏÏÐÅÒÁÔÉÏÎ 0ÒÏÇÒÁÍÍÅȢ  

31 

 

2.4.3. K-select analysis 

Habitat selection by horses was investigated using the K-select analysis, as this 

approach allows identifying minute differences in habitat selection among individuals 

of a group rather than averaging the variation across individuals (Calenge et al. 2005). 

The K-select analysis identifies and evaluates those environmental variables that 

contribute most to habitat selection, by generating marginality vectors for each animal 

(Calenge et al. 2005). Vectors point from the centroid of available resource space to 

the centroid of used resource space. The direction of each vector indicates which 

variables are selected, while its length represents the strength of selection by an 

individual and thus the differences in marginality vectors represent individual 

variation in habitat selection (Calenge et al. 2005). Prior to the K-select analysis, we 

performed randomization tests (n = 10.000 steps) using the first eigenvalues to 

determine the influence of each environmental variable on marginality of each 

individual and if observed use differed significantly than what is expected under a 

random habitat use hypothesis (Hull et al. 2014, Strickland et al. 2016). 

We defined ñavailable habitatò in the analysis as a single large area that enclose the 

entire 100% MCP home ranges of both horses, expanded by a 500-meter buffer area 

to allow the inclusion of border effects (Hull et al. 2014). We defined ñused habitatò 

all fixes that were obtained for each individual. The analysis was performed in R (R 

CoreTeam 2015), via the adehabitatHS package (Calenge 2006). 

2.4.4. Habitat suitability 

We generated a habitat suitability map of horses using the Mahalanobis distance (D2) 

statistic (Clark et al. 1993). Mahalanobis distance is a measurement of dissimilarity 

between average habitat characteristics at each resource unit (100 Ĭ 100 meters pixel) 

and the mean of habitat characteristics estimated from cumulative horse relocations. 

Habitat quality is inversely proportional to D2 (Hellgren et al. 1998), thus smaller 

Mahalanobis distance values represent more favorable habitat. We used the mahasub 

function in the adehabitatHS package (Calenge 2006) to produce a map with a 

continuous gradient of habitat suitability (ranging from 0 to 1) from D2. The resulting 

output was screened in ArcMap (ESRI 2011) for visualization purposes in five 

suitability classes (unsuitable: 0 ï 0,2; marginal: 0,2 ï 0,4; moderately suitable: 0,4 ï 

0,6; suitable: 0,6 ï 0,8; optimal: 0,8 ï 1) (Mothes et al. 2020).  
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3. Results 

3.1. Home ranges and daily movements 

Home range size for H1 and H2 was estimated from a total of 1182 and 2800 

relocation points, respectively (Table 2). While both horses were tagged with a time 

difference of about 3 weeks, the less relocation points of H1 were due to mortality. On 

the 15th of February 2021, we received a mortality alert for individual H1 however, 

after careful examination of the data, we observed that H1 was stationary at the 

mortality site since February 10th. The collar was retrieved on February 22nd, where 

on-site inspection of the collar and carcass suggested that H1 was killed by wolves. 

 

 

Image 2. Remains of horse H1. The GPS collar was found 20m away, with visible 

bite marks on it. 

 

 

Table 2. Duration of individual horse (H1 and H2) tracking and number of 

relocation data collected. 
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Tracking data H1 H2 

Tracking duration 25/10/2020 ς 10/02/2021 11/09/2020 ς 13/08/2021 

Total GPS fixes 2592 8081 

Fixes with 

coordinates 
1391 3295 

Fixes with DOP 

<5 
1182 2800 

Tracking days 108 336 

Mean number of 

fixes per day 
10,94 8,33 

 

Minimum convex polygon (MCP) home range analysis indicated that both horses 

occupied same areas of the study area and had similar home range size. The 95% 

MCP of H1 and H2 was 2627,99 ha and 2716,55 ha respectively (Table 3). Figure 2 

and 3 illustrate MCP home range size of H1 and H2 respectively, ranging from 65% 

to 95% MCP in increments of 5%. Figure 4 shows the overlap between H1 and H2 of 

the 95% MCP, which was estimated to be 94,9%. 

Similarly, the 95% KD of H1 and H2 was 2993,48 ha and 2601,8 ha, respectively 

(Table 3; Figure 5 and 6). Figure 7 shows the overlap between H1 and H2 of the 95% 

KD, which was estimated to be 81,9%. 

 

 

 

 

 

 

 

 

 

 

Table 3. Home range size (ha) for H1 and H2 according to the 

Minimum Convex Polygon (MCP) and Kernel density (KD) 

methodology. Home range sizes are given in increments of 5%, 

ranging from 65% to 95%. 
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Home 

range size 

H1 H2 

MCP 

(ha) 

KD 

(ha) 

MCP 

(ha) 

KD 

(ha) 

95% 2627,99 2993,48 2716,55 2601,8 

90% 2119,16 2413,79 2088,66 2034,1 

85% 1924,54 2041,75 1820,39 1671,75 

80% 1760,66 1766,28 1638,43 1406,87 

75% 1662,10 1543,10 1440,61 1201,08 

70% 1585,92 1349,18 1321,36 1033,64 

65% 1423,07 1176,19 1132,61 892,3 
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Figure 2. Mapped illustration of H1 home range size based on the Minimum Convex Polygon (MCP) 

methodology. Home ranges are illustrated in increments of 5%, ranging from 65% to 95%. 
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Figure 3. Mapped illustration of H2 home range size based on the Minimum Convex Polygon (MCP) 

methodology. Home ranges are illustrated in increments of 5%, ranging from 65% to 95%. 
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Figure 4. Mapped illustration of the overlap (94,9%) between H1 and H2 home range size, calculated from the 95% 

Minimum Convex Polygon (MCP). 
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Figure 5. Mapped illustration of H1 home range size based on the Kernel density (KD) methodology. Home ranges 

are illustrated in increments of 5%, ranging from 65% to 95%. 
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Figure 6. Mapped illustration of H2 home range size based on the Kernel density (KD) methodology. Home ranges 

are illustrated in increments of 5%, ranging from 65% to 95%. 
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Figure 7. Mapped illustration of the overlap (81,9%) between H1 and H2 home range size, calculated from the 95% 

Kernel Density (KD). 
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The mean daily distance travelled by H1 was calculated to be 4507,13 meters 

(Standard error: Ñ 172,19 meters), whereas the mean distance between relocation 

points (Figure 8) was 187,79 meters (Standard error: Ñ 7,17 meters). Similarly, H2 

travelled a mean daily distance of 3995,23 meters (Standard error: Ñ 109,45 meters), 

with a mean distance between relocation points of 166,47 meters (Standard error: Ñ 

4,56 meters) (Figure 9). 

 

 
Figure 8. Distance between relocation points (meters) for 
individual H1 during the tracking period (108 days). 
 

 
Figure 9. Distance between relocation points (meters) 
for individual H2 during the tracking period (336 days). 

 

3.2. Habitat selection 
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Randomization tests carried out on marginality vectors showed that habitat selection 

was significantly non-random (ɚ1 = 1,206, P < 0,001), making further analysis on 

habitat selection patterns informative. Habitat selection was significantly non-random 

for both horses (Table 4). Both horses showed selection for gentle slopes, less rugged 

terrain and lower aspects (avoidance towards north facing slopes) (Table 4). In 

addition, both horses selected areas with higher NDVI values, within or in close 

proximity to natural grasslands, but away from sparsely vegetated areas. One horse 

(H1) showed selection for areas with higher solar radiation, as well as areas away 

from sclerophyllous vegetation. On the other hand, H2 showed selection for higher 

altitude areas, away from broadleaved forests and pastures.  

 

Table 4. Results of the randomization tests for the K-select analysis on habitat 

selection by horses. Tests were based on 10.000 randomization steps, at which the 

first eigenvalues of observed data were compared to those from randomized 

dataset. 

Test of marginality 
Individual 

H1 H2 

Marginality value 1,050 1,300 

P ς value < 0,001* < 0,001* 

Selection of environmental variables (marginality vectors) 

TRI -0,252* -0,294* 

SR 0,212* 0,070 

DEM 0,056 0,149* 

Slope -0,580* -0,683* 

Aspect -0,252* -0,221* 

ndvi 0,352* 0,356* 

Broad 0,080 0,141* 

Pasture 0,062 0,108* 

Sparse 0,107* 0,192* 

Grass -0,582* -0,689* 

Sclero 0,227* 0,003 
*Significant at the 5% level after Bonferroni correction (Bonferroni  hlevel = 0,05/2 = 0,025) 

 
 
 
 

K-select analysis identified two major axes (Figure 10). The first axis explained 

98,3% of the marginality (i.e. the difference between availability and use of resource 

units by horses) and represented areas within or in close proximity to natural 

grasslands (Grass), as well as less rugged areas (TRI) and less steep slopes (Slope).  
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The second axis explained 1,66% of the marginality and captured areas with higher 

values of NDVI and solar radiation (SR) and areas further away from sclerophyllous 

vegetation (Sclero). The high proportion of variance described by the two axes 

suggest similarities in habitat selection by horses in our study area. 

The relative length and direction of re-centered marginality vectors (Figure 11), 

indicate that both horses had similar habitat selection patterns with one another as 

they selected strongly for flatter areas within or in close proximity to natural 

grasslands, as well as areas with higher green production (NDVI values). 

 

 

Image 3. Natural grasslands found within the study area
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Figure 10. Results of the K-select analysis carried out on the radio-tracking data 
collected on the wild horses on Mount Menoikio. The graphs are (top to bottom, left 
to right): (i) the correlation between the first two axes of the K-select analysis, (ii) the 
scores of the environmental variables on the axes of the K-select analysis, (iii) the 
eigenvalues of the analysis, (iv) the uncentered vectors of marginality (the origin of 
the arrow indicates the centroid of the cloud of available points and its end indicates 
the centroid of the cloud of used points), (v) scores of the available resource units on 
the axes of the analysis, and (vi) scores of the recentered marginality vectors on the 
ŦƛǊǎǘ ŀȄŜǎ ƻŦ ǘƘŜ ŀƴŀƭȅǎƛǎΦ ¢ƘŜ ƴƻǘŀǘƛƻƴ άŘέ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ŘƛǎǘŀƴŎŜ ƻŦ ŜŀŎƘ ƎǊƛŘ ŎŜƭƭΦ 
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Figure 11. Scores of the recentered marginality vectors on the first axes of the K-
ǎŜƭŜŎǘ ŀƴŀƭȅǎƛǎΦ ¢ƘŜ ƴƻǘŀǘƛƻƴ άŘέ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ŘƛǎǘŀƴŎŜ ƻŦ ŜŀŎƘ ƎǊƛŘ ŎŜƭƭΦ 
 
 
3.3. Habitat suitability 

The habitat suitability map based on Mahalanobis distance (D2) statistic (Figure 12) 

revealed that optimal and suitable habitats represented 6,6% and 5,7% of the entire 

study area, respectively (Figure 13). Most suitable habitats (suitability value > 0,6) 

were located in the plateau, at the north part of the study area, as well as at the 

southeast. These areas are dominated by natural grasslands and are relatively flat 

compared to other available locations. While the entire area used by horses falls 

within the Natura 2000 network, habitat suitability drops as we move further away 

from natural grasslands or steeper areas and becomes unsuitable in peripheral areas. 

According to our results, 75% of the area is classified as unsuitable, perhaps due to 

the lack of grassland habitats. 
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Figure 12. Map depicting habitat suitability for feral horses in Mount Menoikio. Suitability values are based on 
Mahalanobis distance (D2) statistic and are classified in five suitability classes. The area corresponds to the 
100% MCP of both horses location data, plus a buffer area of 500 meters. 
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Figure 13. Area (km2) and percent (%) cover of habitat suitability classes. 
Suitability values are based on Mahalanobis distance (D2) statistic and are 
calculated for a single large area enclosing the entire 100% MCP home 
ranges of both horses, expanded by a 500-meter buffer area to allow the 
inclusion of border effects. 
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4. Discussion 

This study provides the first account of space use by free ranging wild horses in 

Greece. Our results include an estimation of home range size, fine-scale assessment of 

habitat selection and spatially explicit modeling of habitat suitability based on 

accurate telemetry data. From a broader perspective, our results provide a better 

understanding of habitat ecology and behavioural biology of wild horses, which will 

contribute in conserving and managing this iconic species. 

While the duration of our study was limited, and horse sample size was small due to 

the difficulty in capturing and radio-tagging more individuals, as well as due to 

mortality and equipment failure, the home ranges we report are likely to be indicative 

of wild horses ranges in mountainous landscapes. According to McCort (1984) home 

ranges of feral horses may vary considerably in size. For example, Girard et al. 

(2013b) reported an average home range size of approxiamately 4800 ha (range: 1200 

ï 9000 ha), Salter and Hudson (1982) reported an average home range size of 1500 ha 

and finally, Linklater et al. (2000) found that home range size may be as little as 100 

ha or as big as 1700 ha. In our case, the average home range size was found to be 

2672 ha according to the 95% MCP (H1 = 2627,99 ha, H2 = 2716,55 ha). 

Interestingly enough, we found that almost 95% of both our horsesô home ranges 

overlapped one another, suggesting that both individuals were part of the same harem. 

Although the differences in home range size between our study and previous work 

could arise because of a difference in resource availability, exposure to distrurbance 

or differences in the study methodology may also influence the final result (Girard et 

al. 2013b). Our study revealed that horses may travel of up to 4,5 km per day in 

search for resources. While there is evidence supporting that horses usually stay close 

to water sources (Gersick and Rubenstein 2017), water was not included as a variable 

in our analysis. However, within our study area there were several troughs, suggesting 

that water availability was not a limiting factor. Convesely, space use by horses was 

found to be driven by food availability and topography. 

Both horses showed similarities in habitat selection, favouring flat areas within or in 

close proximity to natural grasslands and higher green production (NDVI). Grassland 

habitats have favourable herbage production (Girard et al. 2013b), and are often 

sought out by foraging horses (Salter and Hudson 1979). Similar results have been 

reported in previous studies (Girard et al. 2013b, Baskaran et al. 2016). However, 

according to vanBeest et al. (2014), as local carrying capacity is reached, selection of 

grasslands may be weakened , and selection for other habitat types may increase. In 

our case, this finding suggests that, within our study area, horse density has not yet 

reached its carrying capacity, allowing individuals to select habitats with higher 

quality vegetation. While our data did not exhibid interannual variation in habitat 

selection, other studies have shown that grasslands may be less favoured during fall 

due to depletion of available forage in habitats selected during summer by the 

combined grazing pressure from both horses and domestic cattle (Girard et al. 2013b, 



 

The Project is co-funded by the European Regional Development Fund (ERDF) 
and by national funds of the countries participating in the   Interreg V-A 

Ȱ'ÒÅÅÃÅ-Bulgaria 2014-ςπςπȱ #ÏÏÐÅÒÁÔÉÏÎ 0ÒÏÇÒÁÍÍÅȢ  

49 

 

2013a). While domestic cattle use our study area during summer months for grazing, 

their spatial and dietary overlap with horses occupying the area is not known, but 

could perhaps be an interesting subject for future research. 

In addition to grassland areas and areas of higher green productivity, horses illustrated 

a strong selection for flatter areas. This finding is consistent with the findings of Hull 

et al. (2014), Girard et al. (2013a), and Ganskopp and Vavra (1987). Terrain has been 

found to influence habitat selection by horses, as steep slopes prevent access and 

distribution across the landscape. In rugged topography accessibility may be limited 

or may be associated with increased energy expenditure (Senft et al. 1987). Indeed, 

while the produced habitat suitability map in our study designated all grasslands on 

the north part of both our horsesô ranges as highly suitable areas, the grasslands on the 

southwest part were designated as less suitable or unsuitable, perhaps because that 

part of the range is characterized by steeper slopes and more rugged terrain. However, 

in the presence of corridors (roads and trails), topography may not pose a limiting 

factor (Girard et al. 2013b). 

We did not find any evidence supporting that horses select forested areas for 

thermoregulation purposes or for shelter from weather extremes (wind, snow, cold) 

(Mysterud and Ïstbye 1999). On the contrary, horse H2 avoided areas in close 

proximity to broadleaved forests, horse H1 selected areas with higher solar radiation, 

and both horses avoided north facing aspects. The above combined selection suggests 

that both horses follow similar strategies for maximizing sun exposure, therefore 

achieving thermoregulation. Moreover, H2ôs aversion of forested areas may be an 

adaptive strategy for minimizing predation risk (Willems and Hill 2009). 

The suitability map derived from horses habitat selection showed that only a small 

fraction (12,3%) of the available habitat is considered suitable. On the other hand, the 

map highlights the need to conserve all natural grasslands within the plateau of Mount 

Menoikio, in an effort to preserve horses occuppying the area. While all suitable areas 

fall within the Natura 2000 network, managements actions need to be implemented if 

horses are to be maintained. 

Overall, our results indicate that feral horses in Mount Menoikio select plateaus 

dominated by natural grasslands. In this context, if we are to maintain unmanaged 

free-ranging horses within the broader area, appropriate resources must be made 

available to them. Management regimes are required to increase open rangelands and 

promote green biomass productivity. 
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Habitat Suitability Modeling of Wild Horse ( Equus ferus 

caballus L.) in Menikio Mountain  

1. Introduction 

Studying the distribution of wildlife species is a key issue in ecology (Laney & 

Schoen 2013). Specifically, the use and the suitability of a speciesô habitat are 

essential tools to design a sustainable management of natural resources. This 

management is based on the relationship of species with the elements of their 

environment, which are directly related to the spatial dynamics of populations. ȷ few 

examples of this are the following: controlling the population size of a wildlife 

species, protecting the species' habitat and preventing soil degradation, either by 

natural or human factors. The goal is to achieve a prosperous ecological balance, 

always in accordance with the sustainability of nature (Laney & Schoen 2013). 

 

The size of a population and its distribution in a certain geographical area play a 

decisive role in the study of wildlife species (Singh et al. 2009). In particular, 

understanding the extent and the distribution of a speciesô habitat is important, as 

predictions can be made about the distribution and the abundance of the species 

population in the area (Sharma et al. 2004). Range ecology is the one that describes 

the relationships that develop between the species and its habitat, by using 

characteristics such as body mass, food availability and the geographical structure of 

the endemic area (Kelt & Van Vuren 2001). It is a fundamental tool for classifying 

habitats and consequently conserving and restoring wildlife species, as the 

classification and analysis of habitats at landscape level offers the ability to identify 

and explain the diversity of species (Sharma et al. 2004). 

 

In the last century, the development of technology and science has brought many 

innovative ideas about mapping. The gradual shift to electronic data, through 

sophisticated machines (computers) and electronic programs such as ArcGIS, has 

improved the accuracy and efficiency of results. In addition, these systems were 

quickly integrated into tertiary education, making it possible for the public to access 

and use them. Today, with the addition of new advanced technologies, the field of 

mapping has grown even more. The handling of these programs requires precision and 

caution, for the results to be reliable and applicable (McHaffe et al. 2019). Thanks to 

the use of distance data and the Geographic Information System (GIS), these results, 

i.e., the structure and classification of a habitat, can be visualized with detailed 

analysis. Additionally, they can be based on environmental parameters (variables), 

such as vegetation cover, food distribution and human activity. These variables are 

used to calculate the current, as well as the future habitat quality (Reimoser et al. 

2009, Carvalho et al. 2012). This calculation is made in combination with the indices 

of each variable, which derive either from statistical methods (rule-based models) or 

from bibliographic sources (Gong et al. 2012).  

 

A modern method of determining and expressing the relationship between population 

and habitat, as well as predicting habitat suitability and species distribution is the use 

of Habitat Suitability Index Models (HSM) (Zajac et al. 2015). HSM models are 

internationally recognized tools, which are used in the scientific field for ecological 

research, as well as for the management of forest ecosystems. They can provide 
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important information as far as biodiversity conservation planning is concerned (Zajac 

et al. 2015). The aim of modeling is to assess the ecological relationships that develop 

between populations and the habitat they choose to survive in and to predict their 

susceptibility to disturbances. Ecological relationships include the use of space by the 

species, which depends on the survival factors it can offer, such as food and 

cover/protection from predators and disadvantageous weather. Therefore, depending 

on the quantity and quality of these characteristics (suitability), a wildlife species may 

be restricted to a specific environment or to a range of habitats (Van Home & Wiens 

1991). Furthermore, according to the available data on the distribution of a species in 

a habitat, the models are divided into two categories: those based on abundance of 

data and those that operate with less data, either due to the difficulty of studying the 

species or due to reduced study interest. A wide variety of Species Distribution 

models (SDM) fall into the first category, while the Habitat Suitability Index Models 

(HSM) belong to the second category (Zajac et al. 2015).  

 

Large mammals, such as ungulates, affect forest and rural areas both spatially and 

temporally, which makes their study necessary (Laney & Schoen 2013, Zalba & 

Cozzani 2004). The wild horse (Equus ferus caballus) is a typical large herbivorous 

ungulate, which has created controversy in the scientific field during the 20th and 21st 

centuries, due to the challenges of managing semi-arid ecosystems. Also, wild horses 

can affect human activities both directly and indirectly, as their environment is easily 

accessible to humans and therefore, can cause significant disruption to ecosystems. 

Examples of such disorders that adversely affect vegetation, nutrient distribution, and 

soil structure are trampling, overgrazing of certain plant species, and disturbance of 

other wildlife species (Zalba & Cozzani 2004).  

 

The main purpose of this study is to provide new information to the scientific field, 

regarding the presence or absence of wild horses on Mount Menikio of Drama as well 

as the identification and visualization (on maps) of the most suitable areas for their 

survival, according to the Habitat Suitability Index Models (HSM). In addition, the 

analysis and explanation of the operation of these models can enable other researchers 

to use similar methods in their studies, as they offer high efficiency with reduced cost. 

Nowadays, biodiversity conservation, combined with the threats of climate change, is 

a global issue. Therefore, these new data are intended to make a significant 

contribution to the management of natural resources, not only in Greece but also 

abroad, as well as to the wild horse bibliography. 
 

2. Methods 

2.1. Study area 

The present study was carried out on mount Menikio, which pertains to the region of 

Macedonia in northern Greece. The longitude of the central point of the total area is 

23Á 44ô 14.93ôôE and the latitude 41Á 9ô 44.07ôôN. Also, it is located at the dividing 

point between the prefectures of Serres and Drama, namely 32 km east of Serres and 

40 km west of Drama (Stoikou & Karanikola 2014). The total size of the research area 

is 383 km2, with a minimum altitude of 65 m and a maximum of 1951 m.  
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Figure 1. The study area in the regence of Greece. 

 

The following 2 areas of the European network "NATURA 2000" can be found within 

the research area (Fig. 2): "Peaks of Mount Menikion - Mount Kouskouras - Hill - 

Pelade Cave" and "Valley of Timios Prodromos - Menikion", with codes GR1260004 

and GR126000 respectively. These two areas overlap and together definene the 

boundaries of the research area. Moreover, they are under the administration of the 

Kerkini Management Agency. At first, the area "Peaks of Mount Menikion" were 

designated as Sites of Community Importance (SCI), while later they were designated 

as Special Areas of Conservation (SAC), according to Directive 92/43/EU on Habitats 

(excluding birds). Respectively, the area "Valley of Timios Prodromos" is part of the 

Special Protection Areas (SPA), in accordance with the Directive 79/409/EEC on 

Birds. 
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Figure 2. ¢ƘŜ ǘǿƻ ζb!¢¦w! нлллη ŀǊŜŀǎ ƛƴ ƭŀȅŜǊǎ όǿƛǘƘ ƭƛƎƘǘ ōƭǳŜ ŎƻƭƻǊ ǘƘŜ ŀǊŜŀ ƻŦ 
the code GR1260004 and with yellow the area GR1260009), splitting the districts of 
Serres on the West and Drama on the East with the dashed line across them. 

 

2.2. Habitat Suitability Modeling (HSM)  
 

A necessary procedure, when developing an HSM model, is to determine the purpose 

of the model. Based on the modelôs purpose, we can determine the ideal model 

outputs, the geographical area, and the time of year in which we will apply the model, 

as many migratory species present variety in their movements. Also, special attention 

is paid to environmental factors, such as climate, topography, and vegetation for land 

areas, as they significantly affect species in terms of food and water availability and 

the ability to find shelter (coverage). During the implementation of the model, the 

following 3 factors are considered: the time available for its completion, data, and 

funding (U.S. Fish and Wildlife Service 1981, Van Home & Wiens 1991). 

 

The next steps of the development of a model, after determining the purpose of the 

research, include the collection and synthesis of the relevant literature. The collected 

information refers to the biological characteristics (biotic and abiotic parameters) of 

the species under study, such as feeding habits, coverage/protection from predators 

and environmental conditions, reproduction, spatial preferences, prerequisite 

landscape characteristics and sensitivity, as far as human intervention is concerned. 

These data play an important role, as they directly affect the probability of survival 

and reproduction of a wildlife species (Higgelke et al. 2000).  

 

Afterwards, depending on the use of the habitat by the species, the environmental 

variables of each biological characteristic are formed. These variables relate to 

environmental factors, which directly affect the species under study and usually 

include physical, chemical, and biological characteristics. In addition, they depend 

significantly on the following four (4) elements: the seasonal habitat (habitat 

differentiation in winter and summer), the necessary survival elements (food, water, 

coverage, reproduction), life stages (underaged, adult) and the types of vegetation. 

This is because these data represent features that can be identified biologically and 

therefore used experimentally in the HSM model (U.S. Fish and Wildlife Service 

1981, Van Home & Wiens 1991).  

 

In the case of the wild horse, as far as the biological characteristic of food is 

concerned, the environmental variables relate to the type of vegetation. Each type has 

a different importance depending on the horseôs preferences. As the horse feeds 

mainly on herbaceous plant species (Olsen & Hansen 1977), open meadows dominate 

as a type of vegetation, in contrast to closed forests. Therefore, open meadows are of 

higher importance in relation to horse food. The set of vegetation types, as well as 

their arrangement in the study area are presented in map 7. Also, the importance of 

each variable can change depending on the question we ask and the time we choose. 

For example, in the case of food, meadows have a great importance, as noted above, 

but in the case of coverage, this importance decreases, with closed forests becoming 

more important, especially in the summer months (Haddy et al. 2019).  
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Figure 3. The spatial layout of the vegetation types in the study area, according to 
the data of Corine Land Cover 2018. 
 

The final stage is the creation of hypotheses regarding the relationship of the species 

with the habitat, by visualizing them on maps and not evidence of a relationship 

between cause and effect. This is because the results of the model can be changed by 

any modification to the variables, which consist of environmental factors that are 

likely to change at any time. Consequently, a model may be reliable in certain studies 

and less reliable in others, i.e., its validation may not always be achieved. The most 

common errors in HSM models relate to factors that limit population density and 

productivity, without considering the range of habitats to which these assumptions 

apply (Schamberger et al. 1982, Van Home & Wiens 1991).  

 

The most suitable areas for the survival of the desired species appear on the final 

cartographic representation and are usually categorized in three (3) levels in terms of 

the degree of suitability: areas with suitable, acceptable, and unsuitable habitat, 

depending on the field data (Downey et al. 2004, Sharma et al. 2004). A suitable 

habitat can be used all year round and meet the main requirements in food, coverage, 

and water. The acceptable habitat serves some specific needs, such as reproduction. 

This includes areas that are either not available all year round by the species or are not 

available to all the members of the population. An unsuitable habitat is the type of 

habitat that serves no purpose due to its ecological factors, such as the unavailability 

of food, water and coverage, the unsuitable topography or due to disturbing factors 

such as human intervention (Sharma et al. 2004).  
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Although HSM models refer to bibliography based on field data, which may make 

them more reliable, many of the conclusions that emerge tend to be incomplete or 

even erroneous. Internal deviations are expected to occur in the models due to their 

repeated use as well as to the large number of variables selected, which may after all 

be of little importance. In contrast, by using fewer and more important variables, the 

"sensitivity" of the model decreases, and the results yield greater reliability and utility 

(Higgelke et al. 2000). 

 

2.3. Study Method 

The steps that were followed are divided into two parts: the first (initial), which 

includes the collection of data according to scientific literature and the second (final), 

which deals with the further processing of the collected data and the creation of the 

final maps (Fig. 4) (Reza et al. 2013). These steps were the following:  

 

Part 1 

a) The creation of environmental variables and 

b) The rating of environmental variables,  

 

Part 2 

c) The combination of individual backgrounds-environmental variables and 

  d) The creation of the final suitability maps. 

 

During the development of the model, the ArcMap 10.2.2 program of GIS was used 

for the visualization of the results, as well as rule-based modeling. These tools were 

necessary to conduct the study, i.e., to enter, manage and analyze the data, as well as 

to present the results through cartographic representation. 
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Figure 4. Flowchart displaying the HSM development procedure (Higgelke et al. 
2000). 

 

2.3.1. Part 1 ς Collection of Data 
 

a) Creation of the environmental variables 
 

Initially, bibliography research was conducted related to the biology of the wild horse 

(Equus ferus caballus) and the modeling of its habitat suitability (HSM). This was 

followed by the delimitation of the study area (in this case the boundaries of the 

NATURA 2000 areas: GR1260004 and GR1260009) and its representation in the 

form of electronic maps (shapefiles). The geographical data of this study included a 

polygonal topology, which was later converted into a raster form. The coordinate 

system used at all levels was the Greek Grid, while the pixel size was 100.7 Ĭ 100.7. 

 

The first maps ï backgrounds that were used to collect the necessary data of the area 

were the land coverage map, which was obtained via the internet, specifically from 

Corine Land Cover 2018 and the altitude map (Digital Elevation Model, DEM). Using 

these two maps and the ArcMap 10.2.2 program of GIS, further information about the 

area was obtained, which then became the variables of the research. Specifically, the 

maps of the aspect, the solar radiation, the slope, and the hydrographic network were 

created using data from the altitude map. Respectively, the maps depicting land uses, 

vegetation types and human activity, i.e., residential areas and roads were created 

using data from the land coverage map. Additionally, the maps of the stables of the 

area, as well as of the points of the troughs were obtained from the archive of the 
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Forest Department of Drama. The map of the stables of the area was combined 

(added) with the map of the residential areas and roads, creating the map of the 

disturbance, while the map of the points of the troughs was combined (added) with the 

map of the hydrographic network, to create the final map of the water.  

 

Quantitative variables (slope, altitude, disturbance, distance from water and aspect) 

were categorized into numerical classes to achieve greater clarity and a more detailed 

map. The quality variables (land uses) were graded in a way that is analyzed below. 

An example of the quantitative variables is the explanatory data that we entered in the 

slope map, where we categorized the map polygons into five (5) classes: 0-5%, 5-

10%, 10-15%, 15-45% and > 45% in order determine the possible presence of the 

horse in the research area with greater accuracy. Respectively, we worked with the 

other variables, according to the preferences of the wild horse for the most suitable 

habitat based on the bibliography (Table 1). 

 

 

Table 1. Data of variables of the most suitable habitat of the wild horse. 

VARIABLE DESCRIPTION 

Land use ς Vegetation type Urban use 
Agriculture 
Grassland 
Forest 
Shrubland 
Rocky areas 
 
(Table 2)  
 
(Olsen & Hansen 1977, Bennett & Hoffman 1999) 

Distance from water (km) 
 

2-3 km  
 
(Classes: 0-2 km, 2-4 km, 4-6 km, 6-9 km, 9-12 km) 
 
(Sharma et al. 2004, Gersick & Rubenstein 2017) 

Aspect South (S) 
 
ό/ƭŀǎǎŜǎΥ b лϲ-ннΣрϲΣ b9 ннΣрϲ-стΣрϲΣ 9 стΣрϲ-ммнΣрϲΣ 
{9 ммнΣрϲ-мртΣрϲΣ { мртΣрϲ-нлнΣрϲΣ {² нлнΣрϲ-нптΣрϲΣ 
² нптΣрϲ-нфнΣрϲΣ b² нфнΣрϲ-оотΣрϲΣ b оотΣрϲ-ослϲύ 
 
(Wockner et al. 2003) 

Altitude (m) 
(DEM)  

Height above sea level  
(Summer and winter: 1400-1951 m)  
 
(Classes: 65-500 m, 500-700 m, 700-1000 m, 1000-
1400 m, 1400-1951 m) 
 
(Berger 1983) 

Disturbance (km) >5 km 
 
(Classes: 1-2 km, 2-4 km, 4-6 km, 6-13 km, 13-15 
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b) Grading of the environmental variables 

After reviewing the existing bibliography regarding horse preferences, the process of 

grading each variable was performed. We set the range of values for the expression of 

the importance of the variables on a scale of 0 (minimum importance) to 10 

(maximum). The values used in this study were adjusted according to the information 

in the relevant bibliography, as no exact values were found for the wild horse. For 

example, Ganskopp & Vavra (1987) əŬɘ Zecherle et al. (2020) report that the species 

prefers gentle slopes and avoids slopes > 45%. Therefore, the grading was as follows: 

0-5% slopes were graded with 9, 5-10% slopes were graded with 8, 10-15% with 6, 

15-45% with 4 and> 45% with 0. Respectively, the grading for the distance from 

water was as follows: 0-2 km with 9, 2-4 km with 8, 4-6 km with 5, 6-9 km with 3, 9-

12 km with 1, as horses prefer to have water available nearby according to Sharma et 

al. (2004) and Gersick & Rubenstein (2017).  

 

In some cases, variables may have different importance depending on the season and 

how they are used. For example, as far as vegetation is concerned, two issues arise: a) 

the use of vegetation as food, but also b) itsô use as coverage/ protection. As a result, 

depending on the question we asked, the individual variables of the map were 

adjusted with different grading (e.g., the open meadow has more value as food, than 

as coverage/protection). Another example is the altitude map for winter and summer. 

The movement of the horses changes along with the change of the temperature, as 

horses move to lower altitudes in winter and to higher altitudes in summer (Berger 

1983). However, in this study, as the area of Menikio did not have high altitudes, the 

importance of the altitude variable during the change of seasons was not 

differentiated. 

 

The values of importance of the types of vegetation were divided in values of winter 

and values of summer months, as the seasonal conditions directly affect the movement 

of the species in the different types of vegetation, either for nutritional or protective 

reasons. Table 2 lists the grading of vegetation types, the importance of which varies 

by season (winter and summer) and way of use (food and coverage). The horses' 

preferences regarding their diet concern the open pastures and the herbaceous species 

they include. There is no variation in their diet per season, as wild horses are highly 

tolerant (Olsen & Hansen 1977, Bennett & Hoffmann 1999, Beever 2016). Similarly, 

cover may arise due to potential hazards, such as high summer temperatures, with 

horses seeking shade (Proops et al. 2019). Other examples are insect bites (Waran 

2002) and predators (Bennett & Hoffmann 1999). Also, the human activities of the 

nearby settlements are a disturbance for wild horses, resulting in their movement 

away from urban landscapes and industrial units (Sharma et al. 2004).  

km) 
 
(Sharma et al. 2004) 

Slope (%) 
 

<15%  
 
(Classes: 0-5%, 5-10%, 10-15%, 15-45% and >45%) 
 
(Ganskopp & Vavra 1987, Zecherle et al. 2020) 
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Respectively, Table 3 shows the grading of the classes of the rest of the variables, 

without showing differences in terms of season or way of use. For example, 

topography consists of three variables: altitude, aspect, and slope. The altitude and the 

aspect depend only on the season, while the desired slope remains the same 

throughout the year. Sequentially, disturbance consists of the distance from the roads, 

settlements, and stables, which do not depend on the time of year, in contrast to water 

availability. 

 

 

Table 2. LƳǇƻǊǘŀƴŎŜ ƻŦ ǘƘŜ ǾŀǊƛŀōƭŜ ΨǾŜƎŜǘŀǘƛƻƴ ǘȅǇŜǎΩ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŦƻƻŘ ŀƴŘ 
cover of the wild horse, with values starting from 0 (lowest) ˍ ̌10 (highest). The left 
columns of the food and cover refer to the winter months and the right ones to the 
summer months. 
 

LAND USE VEGETATION TYPES 
FOOD 

(0-10) 

COVER 

(0-10) 

Urban use (U) Discontinuous urban fabric 0 0 0 0 

Industrial or commercial units 0 0 0 0 

Mineral extraction sites 0 0 0 0 

Agriculture (A) Non-irrigated arable land 3 3 3 3 

Permanently irrigated land 3 3 3 3 

Complex cultivation patterns 3 3 3 3 

Land principally occupied by 

agriculture, with significant areas of 

natural vegetation 

3 3 3 3 

Grassland (GR) Pastures 9 9 8 7 

Natural grasslands 9 9 8 7 

Moors and heathland 9 9 8 7 

Sparsely vegetated areas 7 7 7 6 

Forest (F) Mixed forest 2 2 4 5 

Broad-leaved forest 3 3 5 6 

Coniferous forest 1 1 3 4 

Olive groves 3 3 4 5 

Shrubland (S) Transitional woodland-shrub 3 3 5 6 

Sclerophyllous vegetation 4 4 5 6 

Rocky areas (R) Bare rocks 1 1 1 1 

 

 

 

Table 3. Importance of the rest of the variables according to the food and cover of 
the wild horse, with values starting from 0 (lowest) ˍ ̌10 (highest) for both summer 
and winter months. 

VARIABLE GRADING 

DISTANCE FROM WATER 0-2 km  9 
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2.3.2. Part 2 ς Data processing 
 

c) Combination of individual backgrounds-environmental variables 
 

 
 
 
 

2-4 km  8 

4-6 km  5 
6-9 km  3 

9-12 km  
 
(Sharma et al. 2004, 
Gersick & Rubenstein 
2017) 

1 

ASPECT 
 
 
 
 
 
 
 
 

ɰ лϲ-ннΣрϲΣ  1 
ɰɮ ннΣрϲ-стΣрϲ 3 

ɮ стΣрϲ-ммнΣрϲ  5 
ɿɮ ммнΣрϲ-мртΣрϲ 7 

ɿ мртΣрϲ-нлнΣрϲ  9 
ɿɲ нлнΣрϲ-нптΣрϲ  7 
ɲ нптΣрϲ-нфнΣрϲ 5 
ɰɲ нфнΣрϲ-оотΣрϲ  3 

ɰ оотΣрϲ-ослϲ 
 
(Wockner et al. 2003) 

1 

ALTITUDE (DEM)  65-500 m 1 
500-700 m 3 

700-1000 m  5 
1000-1400 m  7 

1400-1951 m 
 
(Berger 1983) 

9 

DISTURBANCE 1-2 km 0 
2-4 km  2 
4-6 km  6 
6-13 km  8 

13-15 km 
 
(Sharma et al. 2004) 

9 

SLOPE 0-5%  9 
5-10% 8 
10-15%  6 
15-45% 4 
>45% 
 
(Ganskopp & Vavra 1987, 
Zecherle et al. 2020) 

0 
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At this stage of the Habitat Suitability Model (HSM), the expression of the 

relationships between biological variables was realized through mathematical 

equations (Suitability Index equations). These equations concerned the suitability of 

the habitat in winter, summer and during the combination of the two seasons, in terms 

of food and coverage, according to the information in the collected literature. SI 

consists of the variables, which represent elements of the habitat. In this study, the 

following two types of equations were used: equations of addition (SIx1 + SIx2) and 

equations of multiplication (SI1 * SI2)
1/2. This is because in the first case there were at 

least two environmental elements that contributed to the same use of the habitat (Fig. 

6), as are the roads and settlements that hinder the wild horse populations, while in the 

second case there were at least two different environmental elements (Fig. 7), vital for 

the species, which had to be present in the same location, at the same time (e.g. water 

and vegetation). The created maps display a "mosaic" of pixels of different colors, 

with each color expressing either a different variable or the same variable in a 

different density. The SI values are essentially the sum of the pixels of each variable 

on a map (Higgelke et al. 2000). The frequency of these values and their dispersion in 

the area will determine the characterization of the habitat as suitable, acceptable, or 

unsuitable for the species under study, as well as their spatial configuration. It is 

important to note that although, in theory, each species will prefer the most suitable 

habitat for its needs, there exists the possibility of using a habitat of lower quality in 

case there is no accessibility to the optimal one (Wockner et al. 2003, Kebede et al. 

2014). 

 

The data were then adjusted to the biological characteristics of the wild horse. An 

example is the coefficients of the variables in the SI equations, which played an 

important role in the results of the mapping of habitat suitability. Each variable that 

we introduced was accompanied by a coefficient of specific importance (0.1-0.9), in 

terms of the species biology. ɇɞ ŬɟɘɗɛɖŰɘəɧ ůɨɜɞɚɞ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ŬɡŰɩɜ ˊɟɏˊŮɘ 

ɜŬ ŮɑɜŬɘ ɖ ɛɞɜɎŭŬ (1). For example, in this study, the relationship between the 

combination of the variables - water, vegetation and aspect, in terms of food, was 

expressed as follows: (water Ĭ 0,5 + vegetation Ĭ 0,35 + aspect Ĭ 0,15)1/3, where 0,5 + 

0,35 + 0,15 = 1. Therefore, depending on the importance of each variable, a different 

result is obtained. According to the same command, the final maps of the suitability of 

the wild horse habitat were created, combining the maps of vegetation, topography, 

disturbance and water for winter and summer. 

 

 

d) Final HSM maps  
 

At the final stage, the final maps of habitat suitability were created for the wild horse. 

These maps occurred from the combination (multiplication) of the four (4) main 

predictor variables: 

 

1) Vegetation 

2) Topography (DEM) 

3) Disturbance 

4) Water 

 

The results expressed the habitat suitability for dry (summer) and wet (winter) season, 

in relation to the diet (food) and the protection (coverage) of the wild horse. The 
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relative contribution (%) to the importance of predictor variables for summer and 

winter was shaped according to bibliographical data for the African wild ass (Equus 

africanus) (Kebede et al. 2014), which belongs to the same family of mammals 

(Equidae), since there was no respective bibliography for the species of the wild horse 

(Equus ferus caballus). The importance of the variables determines the factors of the 

variables and is listed in Table 4. These factors were adjusted according to the 

preferences of the wild horse and the regional conditions of the study area.  

 

 

Table 4. Relative contribution (%) of predictor variables for the dry (summer) and 
wet (winter) period for the wild horse. 

SEASON VARIABLES 

Vegetation DEM Disturbance Water 
WINTER 20% 18% 28% 34% 

SUMMER 22% 12% 21% 45% 

 

 

Using the above factors of importance, we created the final SI equations of 

multiplication for the combination of more than two variables and their final 

illustration on the map. The mathematical relations that were developed were for 

summer and winter, as to the food and coverage of the horse, are the following: 

Food (summer): [Vegetation (summer food) Ĭ 0,22 + DEM (summer) Ĭ 0,12 + 

Disturbance Ĭ 0,21 + Water Ĭ 0,45]1/4 

Cover (summer): [Vegetation (summer cover) Ĭ 0,22 + DEM (summer) Ĭ 0,12 + 

Disturbance Ĭ 0,21 + Water Ĭ 0,45]1/4 

 

Food (winter): [Vegetation (winter food) Ĭ 0,20 + DEM (winter) Ĭ 0,18 + 

Disturbance Ĭ 0,28 + Water Ĭ 0,34]1/4 

Cover (winter): [Vegetation (winter cover) Ĭ 0,20 + DEM (winter) Ĭ 0,18 + 

Disturbance Ĭ 0,28 + Water Ĭ 0,34]1/4 

 

Consequently, the relations of the food during summer were added to the food during 

the winter, and similarly the summer coverage to the winter coverage. The result was 

the overall food and coverage of the year. These mathematical equations had the 

following format: 

 

Total Food: (Summer Food Ĭ 0,50 + Winter Food Ĭ 0,50)1/2 

Total Cover: (Summer Cover Ĭ 0,50 + Winter Cover Ĭ 0,50)1/2 

 

The equation for the final cartographical illustration of the most suitable areas for the 

wild horse, following a bibliographical review (Goodwin 2007, Dawson & Hone 

2012) is the following: 

 

 

Final HSM: (Total Food Ĭ 0,70 + Total Cover Ĭ 0,30)1/2 
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3. Results 
 

The resulting final maps illustrate the suitability, in terms of food and coverage for 

winter and summer. In other words, there are four maps: the food map in summer, the 

coverage map in summer, the food map in winter and the coverage map in winter. The 

food map of the whole year was created, using the combination of the summer and 

winter food maps, as well as the total annual coverage, using the combination of the 

summer and winter coverage maps. The final representation of the results and the 

final habitat suitability map is the combination of the total food and the total coverage 

of the species. The flow of the creation of the maps is shown in the following images, 

where the darker areas represent a higher value of importance, and therefore a greater 

suitability of the habitat for the wild horse. 

 

The final map provides an overview of the condition of the horse habitat and showing 

that suitable areas are being preferred, while unsuitable areas are of limited use by the 

species. The range of suitability values that arose in the final habitat suitability map 

was 2,0 ï 8,8, with 2,2 expressing the minimum importance and 8,8 the maximum 

(Fig. 10). The areas that were marked as unsuitable habitat showed values of 2,0 ï 4,9 

and covered a total area of 98 km2 (26% of the research area), the areas marked as 

acceptable showed values of 4,9 ï 6,4 and covered a total area of 126 km2 (32% of the 

research area), while the areas marked as suitable showed values of 6,4 ï 8,8 and 

covered a total area of 159 km2 (41% of the research area). The largest sections of the 

suitable areas are located NW, while the unsuitable ones occupy the southern part of 

the research area. There is considerable unused winter and summer habitat in the 

southern part, which is close to human settlements and small towns. Areas in the 

middle part of the occupied area were favorable, but not highly suitable. In addition, 

the fragmentation of the individual suitable habitats is interesting, as there is a 

distance between them due to the steep slopes that appear in the area. This is evidently 

distinguishable thanks to the topographic maps and the results.  

 

SUMMER 
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Figure 5.1. The map representing the HSM results according to the food of wild 
horse during the summer period, using the mathematical equation: [Vegetation 
όǎǳƳƳŜǊ ŦƻƻŘύ Ҏ лΣнн Ҍ 59a όǎǳƳƳŜǊύ Ҏ лΣмн Ҍ 5ƛǎǘǳǊōŀƴŎŜ Ҏ лΣнм Ҍ ²ŀǘŜǊ Ҏ 
0,45]1/4. The highest HSM value (most suitable) was 9,21 and the lowest 1,64 
(unsuitable). 
 

 
Figure 5.2. The map representing the HSM results according to the cover of wild 
horse during the summer period, using the mathematical equation: [Vegetation 
όǎǳƳƳŜǊ ŎƻǾŜǊύ Ҏ лΣнн Ҍ 59a όǎǳƳƳŜǊύ Ҏ лΣмн Ҍ 5ƛǎǘǳǊōŀƴŎŜ Ҏ лΣнм Ҍ ²ŀǘŜǊ Ҏ 
0,45]1/4. The highest HSM value (most suitable) was 8,99 and the lowest 1,64 
(unsuitable). 
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WINTER 

 
Figure 6.1. The map representing the HSM results according to the food of wild 
horse during the winter period, using the mathematical equation: [Vegetation 
όǿƛƴǘŜǊ ŦƻƻŘύ Ҏ лΣнл Ҍ 59a όǿƛƴǘŜǊύ Ҏ лΣму Ҍ 5ƛǎǘǳǊōŀƴŎŜ Ҏ лΣну Ҍ ²ŀǘŜǊ Ҏ лΣопϐ1/4. 
The highest HSM value (most suitable) was 9,06 and the lowest 2,06 (unsuitable). 
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Figure 6.2. The map representing the HSM results according to the cover of wild 
horse during the winter period, using the mathematical equation: [Vegetation 
όǿƛƴǘŜǊ ŎƻǾŜǊύ Ҏ лΣнл Ҍ 59a όǿƛƴǘŜǊύ Ҏ лΣму Ҍ 5ƛǎǘǳǊōŀƴŎŜ Ҏ лΣну Ҍ ²ŀǘŜǊ Ҏ лΣопϐ1/4. 
The highest HSM value (most suitable) was 8,86 and the lowest 2,06 (unsuitable). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HSM of Total Food and Cover 

 
Figure 7. The map representing the HSM results according to the total food of the 
entire year (combination of winter and summer food maps), using the mathematical 
ŜǉǳŀǘƛƻƴΥ ό{ǳƳƳŜǊ CƻƻŘ Ҏ лΣрл Ҍ ²ƛƴǘŜǊ CƻƻŘ Ҏ лΣрлύ1/2. The highest HSM value 
(most suitable) was 8,93 and the lowest 2,01 (unsuitable). 
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Figure 8. The map representing the HSM results according to the total cover of the 
entire year (combination of winter and summer cover maps), using the mathematical 
ŜǉǳŀǘƛƻƴΥ ό{ǳƳƳŜǊ /ƻǾŜǊ Ҏ лΣрл Ҍ ²ƛƴǘŜǊ /ƻǾŜǊ Ҏ лΣрлύ1/2. The highest HSM value 
(most suitable) was 8,72 and the lowest 2,01 (unsuitable). 
 

 

Final HSM Map 
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Figure 9. The final HSM map of 4 classes (unsuitable, acceptable, suitable and highly 
ǎǳƛǘŀōƭŜύΣ ǳǎƛƴƎ ǘƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ ŜǉǳŀǘƛƻƴΥ ό¢ƻǘŀƭ CƻƻŘ Ҏ лΣтл Ҍ ¢ƻǘŀƭ /ƻǾŜǊ Ҏ 
0,30)1/2. The HSM values of the classes started from 2,0 ς 4,6 for the unsuitable 
habitat, from 4,6 ς 5,9 for the acceptable, from 5,9 ς 7,3 for the suitable and from 
7,3 ς 8,8 for the highly suitable habitat. 
 

 
Figure 10.  The final HSM map of 3 classes (unsuitable, acceptable and suitable), 
ǳǎƛƴƎ ǘƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ ŜǉǳŀǘƛƻƴΥ  ό¢ƻǘŀƭ CƻƻŘ Ҏ лΣтл Ҍ ¢ƻǘŀƭ /ƻǾŜǊ Ҏ лΣолύ1/2. The 
HSM values of the classes started from 2,0 ς 4,9 for the unsuitable habitat, from 4,9 
ς 6,4 for the acceptable and from 6,4 ς 8,8 for the suitable habitat. 
 

4.  Discussion 

Habitat suitability models can be a useful tool for the environmental sciences, since it 

combines the best available environmental data to locate the areas with the most 

potential for successful restoration. However, their efficacy can be questioned in the 

case where the validation is not successful, which happens when using HSM models 

that incorporate a small subset of variables (Theuerkauf & Lipcius 2016). In the case 

of Menikio mountain, through the combination of expert judgment and GIS 

technology, this study examined the habitat suitability of the wild horse. The variables 

vegetation, water, topography, and disturbance were enough to produce credible 

results. Moreover, this study is useful as a basis for systematic conservation planning 

at both the regional (whole state) and site scales (protected areas) and provides a 

framework for HSM model development and validation, which can be refined and 

applied to other systems in the scientific fields, such as identification of suitable 

habitats for large mammals that will be helpful for scientists and planners. 
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The qualitative (e.g., habitat suitability maps) and quantitative (e.g., habitat suitability 

indices) sets of information in habitat suitability studies may help in planning for the 

conservation of flora and fauna (Reza et al. 2013). With the increasing availability of 

spatial datasets for environmental variables in marine and estuarine systems, habitat 

suitability models will likely continue to be developed to inform species conservation 

and management (Theuerkauf & Lipcius 2016). Biodiversity conservation, combined 

with the threats of climate change, is one of the hottest issues concerning the 

ecological balance, thus, a sustainable management of natural resources is essential. 
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