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Abstract

The present report includes the current population size
feral horsesn Mount Menoikiq as well as prediction about
their future population trends. This information can serveag
baseline for the futurein creatihg a holistic managemen
program forferal horses. Moreover, a habitat suitability mé
has been created, via H&I predict potential segments tha
can support and sustain populations fafral horses. Finally,
home range size, daily movements, habitat selection
habitat suitabilitywere calculated using telemetry data. Tt
above information will provide a better understanding
habitat ecology and behavioral biology of wild horses, wik
will contribute to conserving and managing these ico
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 Eurbpe.free rangindgporses

in Greece come from a domesticated stock and therefore are not truly wild, but rather
feral. Free rangindhorses are highly social animals and are found in three types, of
family units known as band3he harem band consists of a single stallion, a lead
mare, other mares and their offspring. Muftale bandsesemble harem bands but
consist ofmore than one maléennett & Hoffmann 1999 And finally, a less
cohesive group consisting ainly malesand is called bachelor bandBennett &
Hoffmann 199Y. Typical herds can have abo&t1ll mares and-4 stallions and
young individuals.

The mating system of horses is polygy@ennett & Hoffmann 1999, Linklater, et al.

1999. Males can reproduce yessund 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 Taygestation period is

335 (range 287419) days Births take placen spring or autumn of the next year.
Usually onl one foal is produced annualiydtwins are rardBennett & Hoffmann

1999 Ensminge969.

Populationviability 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 Studyx (et

al. 2000, Lacy et al. 2031 Small populations are extremely vulnerable due to
inbreeding, demographic instability and environmental fluctuat{@nsstrup et al.

2009. The estimates of the demographic parameters of this research are tentative
based on the demographic parameters of other well studied populgtiorsrup et

al. 2009. Data on the demographic parameters of the existing population must be
gathered for about-80 years, so additional research is needed for more reliable data.

The aimof this researchvasto report the data opopulationsize andtrend of the

feral horses found in Menoikiblountain, 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 Menoikiarhich is located between theefectures 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 ProdroAvsnoikion" (GR1260009).

These mountainous areas accommodate a variety of flora and fauna species, while the
main economic activity of the regiontisefree-range livestock farming.

2.2.Population structure

The population size and the identification of possibérds were estimated in 2020.
Five aerial surveys (1 in winter, 1 in spring, 1 in sumarad two in autumndf the

entire horse population were conducted in the study waitathe 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 usedorder to scan the study area. Also, a total of 5
trail cameras (Armcrest ATC201) were deployed in the study aréaring the
summer of 2020The 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 populatidfecdlHorses (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 wa80 individuals. We calculated the stochastic population growth
rate (kwch 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 raie las calculated

by Vortex.
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Parameter
Lethal equivalent

Percentage attributable to recessive lethals

Reproductive system

Minimum age of breeding, yr
Maximum age of breeding, yr
Sex ratio

Percentage of litter size 0
Percentage of litter size 1
Mortality rate at O to 1 yr
Mortality rate at 1 to 2 yr
Mortality rate at 2 to 3 yr
Mortality rate at adult
Percentage of males in the breeding pool
Specified age distribution

Initial population size
Densitydependent reproduction
Carrying capacity

Table 1.Input parameters used in the basic scenario for the Population Viability Analysis of
the Feral Hors€Equus ferus caballyg Menoikio Mountain

Feral Horses
6.29
50
Longterm polygyny
3
23
11
86.24
13.76
Hn®d®nn p |
Mndnn g I
pdnn
Mmdnn g N
10.23
No
80
No

®n 5 &
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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 yeai<lGter et al. 2004).
Gestation in horses lasts 11 months and mares produce 1 progeny petyean(d

1960, Rossdale & Short 1967The 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 i hikifup 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 temgn polygyny Zimmermanet al. 2006).

The reproduction of the species was included as deimsigpendent because it was

not possible to detect densifgpendent breeding on our population. Data obtained
from longterm monitoring studiesZ(mmermanet 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 plusiig%.(p

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
(Thirstrupet al.2009.

The likelihood of a mare giving birtto one foal per year was 13%6 while not

giving birth the same year was 86224 T hirstrupet 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 theibgegdol 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 inbreedingiy et al. 2021). Mortality rates per age class were
taken from the literaturel(irstrupet al. 2009 (Table ) 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 yedrimmermanet al. 2006. Each event was modeled under a
severity factor (range:-0) (Lacy et al.2027). 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.

W W The Project is cefunded by the European Regional Development Fund (ERDF 7
Ll——= and by national funds of the countries participating in the  Interreg A
O' OABUBaka2014¢icnnd #1 1 PAOAGETT o0




2.3.3. Supplementation scenario

The possible supplementation of the current population was modeded.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 et lvel

of unlimited carrying capacitylQ00 individualy. The supplementation was planned

to occur during the years 2026051. All other parameters remained stable as in the
basic scenario.

W W The Project is cefunded by the European Regional Development Fund (ERDF 8
Ll——= and by national funds of the countries participating in the  Interreg A
—— O' OABUBaka2014¢icnnd #1 1 PAOAGETT o0



3. Results
3.1.Population structure

The Feral Horse population of the Menoikio Mounteamsistef two possible herds

and a maximum o80 individuals of which the 3 were foalfTable 2) Adult horses
categorized according to their color pattern into four categories: white, grey, chestnut
and dark brownChestnut 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 HorseSq(us ferus caballuysecorded
seasonally in Menoikio MountairThe maximum number of horses belonging to
each color pattern is also reported.

Winter Spring Summer  Autumn

(13/02/20) (17/05/20) (31/07/20) (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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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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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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h)

Image 3 (ah). 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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¢)

Image 4 (ac). 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. Basiscenario

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 yidersnean
deterministic growth rat@get rangeoo years= -0.0605)and the stochastic growth rate
(rstoch rangeoo years= -0.0269 of the populabn were negativeThe probability of
extinction was72.9 %, and the mean time of extinction (TE) was the78g&ars.
Interestingly even under the unlimited carrying capacity scenario the population
showed a negative growth ratesdn = -0.0310), with a medium possibility of
extinction (PEoo years 0.4880) and a mean time of extinction (TE)Qf.7years.

= Basic scenario s Unlimited carrying capacity scenario

Mumber of individuals

] 10 20 30 40 50 60 0 80 30 100

Figure 1.Trend of the Feral Hors&quus ferus caballupopulation under the basic
and the unlimited carrying capacity scenarios simulated (100 years) in the Menoikio
Mountain. The carrying capacity was set 160100 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 (storsmen= -0.0286, diseasersioch=-0.0291). The
possibility of extinction of the population wag.3% for storm events and37% for
diseases The mean TE undestorms and diseases wa8.8B and 873 years,
respectively.

m— BESIC SCENGN0 mm—SHOMM EVENt  s— Disease

Mumber of individuals
& &
L 1

[
=1
L

]
o
L1

Figure 2.Trend of the Feral HorseEQuus ferus caballugpopulation undertwo
catastrophic scenarios: storm events and diseasesulated (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 fecunditgevas 1

(no reduction)andthe effect on survival waset at0.92 (8% reduction) an@.97 (3%
reduction) for storm and disease, respectiveil 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 aegativegrowth rate iIstoch = -0.0158). However, the population

had a extremely lowpossibility of extinction(1.2%)and a time of extinction of&®5

years.

m— Basic scenario = Sypplementation scenario

420
400

MNumber of individuals

T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Year

Figure 3.Trend of the Feral HorseEQuus ferus caballugpopulation under the
supplementationscenariosimulated (100 years) in the Menoikio Mountaifien

adult horses (9 mares and 1 stallion) per year were supplemented for 25 consecutive
years, i.e., a total of 250 individualBhe carrying capacity of this model was set at
1000 individualsThe supplementation was planned to occur during the years 2026
2051, indicated by the arrowsAll other parameters remained stable as in the basic
scenario.

W W The Project is cefunded by the European Regional Development Fund (ERDF 21
Ll——= and by national funds of the countries participating in the  Interreg A
—— O' OABUBaka2014¢icnnd #1 1 PAOAGETT o0



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 countind.he results from the basic scenawd the PVA
indicated that the population of the Feral HorsedMenoikio Mountainis 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 Eerger 1977 Rogers 1991 According to the simulations the current
population will become extinct in approximately 88 yeditse current population is
closed with no immigration or emigration events which increases the inbreeding
possibilities. Horse populations maintained at sizes of 80100 individuals may
avoidinbreeding problemddowever, gpoopulationof such number dfiorses may still
exhibit inbreedingdepression, but that it is likely toe less severe than in smaller
populations(Frankham et al. 2002, Ballou et al. 200Fhe unlimited carrying
capacity scenario reduced the probability of extinction but the population showed a
negative trendThe mortality due to wolf predation to adults and foals, along with the
low birth rates probably are responsible for the negative tretitegbopulation even

under unlimited carrying capacity.

Catastrophic events showed to affect our populatiim considerable extinction risk
However, theirseverity was extremely low and the population showed the same trend
as when modeled with no catastropl2iseases and@ms may occasionally reduce
horse populationgMoehlman 200). 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 populafitie 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 femaleqSlottaBachmayr et al. 2004 In order to sustain a viable
population and reducedhextinction 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.

Thesedetailed projectionprovideinformationof thelong-term dynamics of th&eral
Horsepopulation and therebg better guidance on ithanagementSq, an integrated
approach to management muosintaina 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 wildliferrisonet al. 1998, Kernohaet

al. 2007). 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

landscapéJenkins 1981, Willems and Hill 2009, Betral. 2010).

Feral horsesHquus ferus caballysexhibit a variety of movement patterns that often
vary seasonally and intannually(Feist 1971, Pellegrini 19)1For example, some
populations migrate to higher elevations during summer months, while others show
little change in inteannual use patternssirard et al. 2013b, Hennig et al. 2018

Fer al horsesd ranging behaviour has been

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(ldateC b r eicak e r
20169. These data can be collected over long periods of time, without requiring
extensive field work from researchdisopertCoudert and Wilson 2005, Weaek al.

2014). In addition, there is a vast array of statistical approaches by which these data
can be analyzetbeidelet 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
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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 Mountair Kouskouras Mountain Hill - Pelade Cave" (GR1260004), and

the Special Protection Area "Valley of Timios ProdroAvsnoikion" (GR1260009).

These mountainous areas accommodate a variety of flora and fauna species, while the
main economic activity of the region is freginge 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 stalliéhsa(d et al.
20131.

Image 1 Marefitted with aLotek Wireless Litetrack IridiunTL-500 GPS collar

Each horse was fitted with a Lotek Wireless Litetrack Iridium500 GPS collar and
released back into the study area. Collars were programmed to record GPS locations
at I-hour intervals, for a duration of two years following deployment. Each collar
included 2way 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 drgff mechanism, which allows collar removal
without recapture.
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Before conducting any analyses, location fixes with DOP values >5 were removed, as
they are considered inaccurdfe@Eon et al. 2002, Lewiset al. 2007). Inaccuracies
usually result from poor satellite reception, due to environmental interference (e.g.
dense forests, tall treeGjempel and Rodgers 1997, Dussatial. 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 individua{Hayne 194} and is one of the most widely used methods of
calculating home rangé aver 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 MC® ° r egt@lr2006. However, both these methods share similar
limitations related to sample si{&irard et al. 2002, time scaleqGautestad and
Mysterud 199) seasonal and behavioral variatidisarris et al. 1990, Hoseet al.
2008. Home range size for each horse was calculated(ih RoreTeam 200)=using

the adehabitatHRpackaggCalenge 200pand the resulting outputs were screened in
ArcMap (ESRI 201) for visualization purposes.

In addition, we used thadehabitatLT(Calenge 200ppackage 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 I 100 m pixels. Each pixel was chara
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 radiationSR). 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 ArcM@pSRI| 201) and screened in R
CoreTeam 20156
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Table 1.Description of environmental variables used isefect and Mahalanobis?Buitability.

Variable Abbreviation  Description Value range
Topographic ruggedness TRI Amount of elevation difference between adjacent cells of a Digital Elevation Model (DEM) 0,243¢ 0,776
index* (Rileyet al.1999)
Solar radiation* SR Amount of incoming solar radiation 219149¢ 774261
Elevation* DEM Digital elevation data (ASTER) 561¢ 1282 (m)
Slope* Slope Slope in degrees calculated from the DEM 0,142¢ 40,681
Aspect* Aspect Aspect values identifying the compass direction that the downhill slope faces for each loci 0 ¢ 360

(pixel)
Normalized Difference ndvi NDVI is a dimensionless index that describes the difference between visible ardmnaad -0,022¢ 0,344
Vegetation Index*** reflectance of vegetation cover and can be used to estimate the density of green on an ar

land (Weier and Herring 2000)
Distance to broadleaved Broad Euclidean distance from broadleaved forests 0¢ 2076,24 (m)
forests**
Distance to pastures** Pasture Euclidean distance from pastures 0¢ 8446,04 (m)
Distance to sparsely vegetate Sparse Euclidean distance from sparsely vegetated areas 0¢8241,82 (m)
areas**
Distance to natural Grass Euclidean distance from natural grasslands 0¢2152,99 (m)
grasslands**
Distance to sclerophyllous Sclero Euclidean distance from sclerophyllous vegetation 0¢3184,81 (m)
vegetation**

*Variable derived from DEM
**\/ariable derived from CORINE land cover map
***\/ariable derived from Landsat 8 images

i

The Project is cefunded by the European Regional Development Fund (ERDF 29
and by national funds of the countries participating in the Interreg \A

O' OABUBaka2014¢mcmtd #1 1 PAOAGEIT o0




TRI SR DEM Slope

8 /. Yy .
24 4 ‘} 07 7e+05 1200 &£ \ ;0
0 ‘ A .
s A}ﬁ» 05 Se+05 ;gg" y . 20
. ¢ ;
. ! / : 10
g / 7| ko3 3e+05 s A e
g 1% W 600 g o
o - ¢
"5
['s]
-
ndvi Broad Pasture
§ . 030 2000 800(
2 ' 1500 y 600¢
¢ 200 o 1000 400(
100 0.10 500 3 200¢
g 0.00 :
8 0 A 0 0
a
5]
(s}
-+
Sparse Grass Sclero
- -
8 8000 [ 2000 3000
o s 1500 2000
< 4000 1000
i 2000 500 1900
8 0 ’ 0 0
=r]
0
(']
< I I 1 I I I I I I I I I I I I
478000 484000 478000 484000 478000 484000

Figure 1.Graphical illustration of the 11 environmental variables use-geléct and
Mahalanobis Bsuitability.
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2.4.3. Kselect analysis

Habitat selection by horses was investigated using theelé&ct analysis, as this
approach allows identifying minute differences in habitat selection among individuals
of a group rather than averaging the variation across indivifalsngeet 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
(Calengeet 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 selectiofCalengeet al. 2005. Prior to the Kselect analysis, we
performed randomization test® € 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 hypothesisull et al.2014, Stricklancet al.2016).

We de faivme d arfb | ie thehandbysis aa & gingle large area that enclose the

entire 100% MCP home ranges of both horses, expanded byradiep buffer area

to allow the inclusion of border effectsiull et al.20149. We de$ededalii t at o
all fixes that were obtained for each individual. The analysis was performedHn R

CoreTeam 201); via theadehabitatH$ackaggCalenge 2006

2.4.4. Habitat suitability

We generated a habitat suitability map of horses using the Mahalanobis distgnce (D
statistic(Clark et al. 1993. Mahalanobis distance is a measurement of dissimilarity
bet ween average habitat characteristics at
and the mean of habitat characteristics estimated from cumulative horse relocations.
Habitat quality is inversely proportional to?@-ellgren et al. 1999, thus smaller
Mahalanobis distance values represent more favorable habitat. We useahtmsuib
function in theadehabitatHSpackage(Calenge 2006to produce a map with a
continuous gradient of habitat suitability (ranging from 0 to 1) fromThe resulting
output was screened in ArcMai-SRI 201) for visualization purposes in five
suitability classes (unsuitable:i00,2; marginal: 0,2 0,4; moderately suitable: 0j4

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

i
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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 18" 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 #0The collar was retrieved on February'@avhere
onsite inspection of the collar and carcass suggested that H1 was killed by wolves.

Image 2 Remains ofhorse H1. The&GPS collar was found 20m@way, 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¢ 10/02/2021 11/09/2020¢ 13/08/2021
Total GPS fixes 2592 8081
Fixes with 1301 3295

coordinates

Fixes with DOP

1182 2800
<5
Tracking days 108 336
Mean number of 10.94 8,33

fixes per day

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%.

i

The Project is cefunded by the European Regional Development Fund (ERDF 33
and by national funds of the countries participating in the  Interreg A
O' OABUBaka 2014c o #1 1 DPAOAGETT o0




H1 H2
ra:;)?;ze MCP KD MCP KD
(ha) (ha) (ha) (ha)

95% 2627,99 299348 271655 26018
90% 2119,16  2413,79 208866  2034,1
85% 1924,54 204175  1820,39  1671,75
80% 1760,66 ~ 1766,28 163843  1406,87
75% 1662,10 ~ 1543,10  1440,61  1201,08
70% 158592  1349,18  1321,36  1033,64
65% 142307  1176,19 113261 892,3
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Figure 2Mapped 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 3Mapped 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 5Mapped 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: N 172,19 meters), wherea
points (Figure 8) was 187,79 meters (Stanc
travell ed a mean daily distance of 3995, 23

with a mean distance between relocation po
4,56 meters) (Figure 9).
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Figure 8.Distance between relocation points (meters) for
individual H1 during the tracking period (108 days).
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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 norrandom & = 1,206,P < 0,001), making further analysis on
habitat selection patterns informative. Habitat selection was significanttyamolom

for both horses (Table 4). Both horses showed selection for gentle slopes, less rugged
terrain and lower aspects (astance 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 thes&lect 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¢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 (Bonferfolével = 0,05/2 = 0,025)

K-select analysis identified two major axes (Figure 10). The first axis explained
98,3% of the margindl (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-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 select analysis carried out on the radracking 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 thesd#ect analysis, (ii) the

scores of the environmental variables on the axes of theelkct 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
FANBRG FES&a 2F (GKS lylfearaod ¢KS y2GFGA2y a
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Figure 11.Scores of the recentered marginality vectors on the first axes of the K
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3.3. Habitat suitability

The habitat suitability map based on Mahalanobis distangestBtistic (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 12Map depicting habitat suitability for feral horses in Mount Menoikio. Suitability values are based on
Mahalanobis distance @ 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 (kmd) and percent (%) cover of habitat suitability classes.
Suitability values are based on Mahalanobis distanég £fatistic and are
calculated for a single large area enclosing the entire 100% MCP home
ranges of both horses, expanded by a B06ter 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 sizschteassessment 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 raditagging 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@mrt (1984)home

ranges of feral horses may vary considerably in size. For exampled et al.
(2013b)reported an average home range size of approxiamately 4800 ha (range: 1200
i 9000 ha)Salter and Hudson (19BFeported 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).

I nterestingly enough, we found that al mosH
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 résut( et

al. 20130). 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 sourcesdersick and Rubenstein 201 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 productiGma(d et al. 20131, and are often
sought out by foraging horseSdter and Hudson 19).9Similar results have been
reported in previous studieSsifard et al. 2013b, Baskaraet al. 2016. However,
according tovanBeeset al. (2014) as local carrying capacity is reached, selection of
grastands 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 grazig pressure from both horses and domestic cattlex(d et al. 2013k
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20139. 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 findirgsl|

et al. (2014, Girardet al. (20133, andGanskopp and Vavra (1987errain 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 expendifenetet al. 1987). Indeed,

while the produced habitat suitability map in our study designated all grasslands on
the north part of both our horsesd ranges
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 Girardet al.20130).

We did not find any evidence supporting that horses select forested areas for
thermoregulation purposes or for shelter from weather extremes (wind, snow, cold)

(My st er ud and. Onh she contrary, harse 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 thermoregul ati on. Mor eover, H20s
adaptive strategy for minimizing predation riski{lems and Hill 200).

The suitability map derived from horses habitat selection showed that only a small
fraction (123%) 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
freeranging horses within the broader area, appropriate resources must be made
available to them. Management regimes are required to increase open rangelands and
promde 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 ecolagydy &

Schoen 2013 Specifically, the use and the sui
essential tools to design a sustdile 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 populgtides:

examples of this are the following: controllinbet 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 natues¢y & Schoen 2013

The size of a population and its distribution in a certain geographical area play a
decisive role in the study of wildlife specieSir{gh et al. 2009. In particular,
understanding the extent and the distribut
predictions can be made about the distribution and the abundance of the species
population in the aregSharmaet 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 areal¢lt & Van Vuren 200). 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 specigsharmeet 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 applicableHaffe 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 quatityn¢seret al.

2009 Carvalhoet al. 2012). This calculation is made in combination with the indices

of each variable, which derive either from statistical methods-faged models) or

from bibliographic sourcessonget 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)Z§jac 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 concetagd (

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 habitatsHome & 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 categofyacet al.2015.

Large mammals, such as ungulates, affect forest and rural areas both spatially and
temporally, which makes their study necessargn¢y & Schoen 2013Zalba &
Cozzani 2000 The wild horse Equus ferus caballggs 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 -seiiecosystems. 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 speciesAalba & 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 additioa,
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.
Nowadaysbiodiversity 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
23A 446 14.93006E and the latitude 41A 90
point between the prefectures of Serres and Drama, namely 32 km east of Serres and
40 km west of Dramas(oikou & Karanikola 201} The total size of the research area

is 383 knt, 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 Menikidfount Kouskouras Hill -

Pelade Cave" and "Valley of Timios Prodromddenikion”, 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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Figre2.¢ KS (62 C¢b! ¢! w! wHnnnn FNBLFa Ay €I &SN&
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 model s pur pos
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 198%¥an 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 specigsifjgelkeet 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 modelS( 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 i mportance depending on the h
mainly on herbaceous plant speciessgn & Hansen 19)7open 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 montisdCyet 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 (Schambergeet 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 dat®d{wney et al. 2004 Sharmaet 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 interventiogl{armeet 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
(Higgelkeet al 200Q.

2.3. Study Method

The steps that were followed are divided into two patie 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)Rezaet 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 backgrouresvironmental 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 +dsed 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 procedurkggelke et al.
2000.

2.3.1.Part 1¢ Collection of Data

a) Creation of the environmental variables

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

(Equus ferus caballysand 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 al l |l evel s was the Greek Gr|

The first mapg 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 M&d&l)). 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
createl 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) classS%s: ®

10%, 1015%, 1545% 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
Land use; Vegetationtype

Distance from water (km)

Altitude (m)
(DEM)

Disturbance (km)

i

DESCRIPTION
Urban use
Agriculture
Grassland
Forest
Shrubland
Rocky areas

(Table 2

(Olsen & Hansen 197Bennett & Hoffman 1999
2-3 km

(Classes:@ km, 24 km, 46 km, 69 km, 912 km)

(Sharmeet al. 2004, Gersick & Rubenstein 20117
South (S)

SAYp b mlrds prcHMpdc
IREPCXHAHMpa pHarT
BEZpcX -®06T Hpmha >l

NA N2

(Wockneret al. 2003
Height above sea level
(Summer and winter1400-1951 m)

(Classes: 6500 m, 5068700 m, 7061000 m, 1000
1400 m, 14001951 m)

(Berger 1983
>5 km

(Classes: -2 km, 24 km, 46 km, 613 km, 1315
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km)

(Sharmeet al. 2004
Slope(%) <15%

(Classed-5%, 510%, 1615%, 1545% and >45%)

(Ganskopp & Vavra 198Zecherleet al. 2020

b) Grading of the environmental variables

After reviewing the existing bibliography regarding horse preferences, the process of
grading each variable was performed. ¥ééthe range of valudgr the expression of

the importance of the variables on a scale of 0 (minimum importance) to 10
(maximum). The valuessed in this study were adjusted according to the information
in the relevant bibliography, as no exact valuese found for the wild horse. For
example,Ganskopp & Vavra (1997% UZecherleet 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 918% slopes wre graded with 8, 105% with 6,
1545% with 4 and> 45% with 0. Respectively, the grading for the distance from
water was as follows:-@ km with 9, 24 km with 8, 46 km with 5, 69 km with 3, 9

12 km with 1, as horses prefer to have water available nearby accordingrozet

al. (2009 andGersick & Rubenstein (20).7

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 al so
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 suniraere(f

1983. However, in this suly, 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 valueof importance of the types of vegetation were divided in vabfieginter

and values of sumer months, as the seasonal conditions directly affect the movement
of the species in the different types of vegetation, either for nutritional or protective
reasonsTable 2 lists the grading of vegetation types, the importance of which varies
by season (winter and summer) and way of use (food and covefdgehorses'
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 R(@ifmilarly,

cover may arise due to potential hazards, such as high summer temperatures, with
horses seeking shaderoopset al. 2019. Other examples are insect bité§afan

2002 and predatorsBennett & Hoffmann 1990 Also, the human activities of the
nearby settlements are a disturbance for wild horses, resulting in their movement
away from urban landscapes and industrial W&itsarmeet al. 2004).
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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 &®& 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.

o oA AN s

Table 2.L YL NI I yOS 27F WK yOIINALISEIOS | WASRNRAlY I
cover of the wild horse, with values starting from O (lowestlL0O (highest). The left

columns of the food and cover refer to the winter months and the right ones to the

summer months.

FOOD COVER

LAND USE VEGETATION TYPES (0-10) (0-10)

Urban use (U) | Discontinuous urban fabric
Industrial or commercial units
Mineral extraction sites
Agriculture (A) | Nonvirrigated arable land
Permanently irrigated land
Complex cultivation patterns
Land principally occupied by
agriculture, with significant areas of
natural vegetation

Grassland (GR)| Pastures

Natural grasslands
Moorsandheathland
Sparsely vegetated areas
Forest (F) Mixed forest

Broadleaved forest
Coniferous forest
Olivegroves

ShrublandS) | Transitional woodlanehrub
Sclerophyllous vegetation
Rockyareas(R | Bare rocks

W w wooo
W w w o oo
W w wo oo
W w wooo

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

VARIABLE GRADING

DISTANCE FROM WATER ‘ 0-2 km 9

i
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2-4 km
4-6 km
6-9 km
9-12 km

= W o1

(Sharma et al. 2004,
Gersick & Rubenstei
2017

ASPECT W -ABXZpcCZZ

wh

1B
)
1n

HHTZDETC

B TEpmHZIpc

M MIHO2T > C

MPpHZEZPIPC

HAHHITRE@ C

NHNOT-E@e ZpC
WMH pH-@apTZpcC
wooT-@paoc

P WOl NO N0 W

(Wockneret al.2003

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

700-1000m
1000-1400m

1400-1951m

© N1 Wk

(Bemger 1983

DISTURBANCE 1-2 km
2-4 km
4-6 km
6-13 km
13-15 km

© oo N O

(Sharmeet al. 2004

SLOPE 0-5%
5-10%
10-15%
15-45%
>45%

O~ O ©

(Ganskopp & Vavra 198
Zecherleet al. 2020

2.3.2.Part 2¢ Data processing

¢) Combination of individual backgrouresvironmental variables
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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. Sl
consists of the variables, which represent elements of the habitat. In this study, the
following two types of equations were used: equations of additioan Sbk2) and
equations of multiplication ($F Sl2)¥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. Tie Sl valuesare essentially the sum of the pixels of each variable

on a mapliggelkeet al. 2000. The frequency of these values and their dispersion in
the area will determine the characterization of the habitat as suitable, acceptable, or
unsuitablefor 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 gheckneret al. 2003 Kebedeet 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 S| 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 importanc®.d),lin

terms of the species biologg.a U} sde qUsoafh i 3dae Uxs Ggs3UU
3U UasUs (Forexanpld, th thislsiudy, the relationship between the
combination of the variableswater, vegetation and aspect, in terms of food, was
expressed as follows: (water BweeB85+ veget
0,35 + Q15 = 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 wildEagsis
africanus) (Kebedeet 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)rhe 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) VT 0, 22
Disturbance T 04921 + water T 0, 45]
Cover (summer) [ Vegetation (suDBM¢summeej ) 1 0012:
Di sturbance I 0421 + Water | 0, 45]
Food (winter): [ Vegetati on (winter food) | 0,20
Di sturbance I 0428 + Wwater [ 0, 34]
Cover (winter): [ Veget ati on (winter cover) | 0, 2
Di sturbance I 0428 + Wwater | 0, 34]
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 T 0,0 + Winter Food
Total Cover: ( Summer Cover | 0,50 + Winter CovV
The equation for the final cartographical illustration of the most suitable areas for the
wild horse, following a bibliographical reviewspodwin 2007 Dawson & Hone
2012 is the following:
FinalHSM: ( Total Food I O0Y70 4 Total Co\

W W The Project is cefunded by the European Regional Development Fund (ERDF 66
B B and by national funds of the countries participating in the  Interreg A
— O' OABUBaka2014¢icnnd #1 1T PAOAGETT o0



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
speciesThe range of suitability valuebat arose in the final habitat suitability map

was 2,0i 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 02,0

and coverd a total area of 98m? (26% of the research area), the areas marked as
acceptable showed values of #,8,4 and covered a total area of K28 (32% of the
research area), while the areas marked as suitable showed valuesi 8,8,4nd
covered a total area of 1%®n? (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.
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HSM Values of Summer

- High : 9,21

- Low : 1,638
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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
b 59a 06&adzyYYSND

0adzYYSNJ F22R0 P N IHH

0,454, The highest HSM value (most suitable) was 9,21 and the lowest 1,64

(unsuitable).

HSM - COVER

HSM Values of Summer

- High : 8,99

- Low : 1,638
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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

6&addzYYSNJ O20SNL P nIHH b 59a
0,45]"4. The highest HSM value (most suitable) was 8,99 and the lowest 1,64

(unsuitable).
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WINTER

HSM - FOOD

HSM Values of Winter
High : 9,064

= Low :2,062

wave

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

66AYUSNI F22R0 P nXIun

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
OBAYUSNI O20SND P nXHn b 59a O06AYIENDL P n3iIwm
The highest HSM value (most suitable) was 8,86 and the lowest 2,06 (unsuitable).

HSM of Total Food and Cover

wave

HSM — FOOD (TOTAL) "

HSM Values of Summer & Winter

- High : 8,939

- Low 12012 e

ave

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

Slidz tA2yY 06{dzYYSNJ C22R ¥ TheXhmhest HSM2valyed SNJ C2
(most suitable) was 8,93 and the lowest 2,01 (unsuitable).

u E The Project is cefunded by the European Regional Development Fund (ERDF 70
= and by national funds of the countries participating in the  Interreg A
—— O' OABUBaka 2014¢ m¢gmo #1 1 DAOAOGETT o0



HSM — COVER (TOTAL)

HSM Values of Summer & Winter
High : 8,729

- Low - 2012 0 15 3 L) 9 12
. . — —

T
wave

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

Slidzr tA2yY 0{ dzYYSNJ / 2 @S NIVRThe ltighest HEM valie/ G SNJ / 2
(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
adzZA 0 6f S0 dzaAy3d GKS YIOGKSYFGAOLf Sljdzr GA2
0,30)2. The HSM values of the classes started from@4)6 for the unsuitable

habitat, from 4,6¢ 5,9 for the acceptable, from 50 7,3 for the suitable and from

7,3¢ 8,8 for the highly suitable habitat.

2’410E
1

FINAL HSM

HSM Values

: ] Unsuitable (2,0 —4,9)
[:] Acceptable (4,9 -6,4) a4
I suitable (6,4-828) — Kilometers

Figure 10. The final HSM map of 3 classes (unsuitable, acceptable and suitable),
dzaAy3d GKS YIFOGKSYFGAOIE SljdzZ GA2y Y2 The¢20Ff
HSM values of the classes started from 49 for the unsuitable habitat, from 4,9

¢ 6,4 for the acceptable and from 6¢48,8 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 variablgse(erkauf & 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 horsevariables
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 faungd€zaet 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 ((euerkauf & Lipcius 201 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.

5. References

Beever, E. (2016) Management Implications of the Ecology of-framing Horses
in Semtarid Ecosystems of the Western United Stafétdlife Society31(3),
887-895.

Bennett, D. & R.S. Hoffmann (199&quus caballusMammalian Specie$23 1-14.

Berger, J. (1983kcology and Catastrophic Mortality in Wild Horses: Implications for
Interpreting Fossil AssemblageScience220(4604), 14081404

Carvalho, J., Martins, L., Silva, J.P., Santos, J., Torres, R.T. & C. Fonseca (2012)
Habitat Suitability Model for Red DeelCérvus elaphud.innaeus, 1758):
Spatial MultiCriteria Analysis with GIS ApplicatiorGalemys24, 47-56.

Dawson, M.J. & J. Hone (2012) Demography and Dynamics of Three Wild Horse
Populations in the Australian Alp&ustral Ecology37, 97 109.

Downey, B.A., Downey, B.L., Quinlan, R.W, Castelli, O., Remesz, V.J. & P.F. Jones
(2004) MULTISAR: The Milk River Basin Habitat Suitability Models for
Selected Wildlife Management Specieslberta Sustainable Resource
Management, Fish and Wildlife Division, Alberta Species at Risk Report No.
86, Edmonton, Canada. 135pp.

Ganskopp, D., & M. Vavra (1987) Slope Use by Cattle, Feral Horses, Deer and
Bighorn SheepNorthwest Sciencé1, 74-81.

Gersick AS & DI. Rubenstein (2017) Physiology Modulates Social Flexibility and
Collective Behaviour in Equids and Other Large UngulaB®slosophical
Transactions of the Royal Society B: Biological Scienc&s1727),
20160241.

Gong, C., Chen, X., Gao, F. & Y. Chen (2012portance of Weighting for Muki
Variable Habitat Suitability Index Model: A Case Study of Wirs@ring
Cohort of Ommastrephes bartramiin the Northwestern Pacific Ocean.
Journal of Ocean University of Chinal(2), 241248.

W W The Project is cefunded by the European Regional Development Fund (ERDF 73
B B and by national funds of the countries participating in the  Interreg A
— O' OABUBaka2014¢icnnd #1 1T PAOAGETT o0



Goodwin, D. (2007) Horse Behavior: Evolution, Domestication and Feralisation.
The welfare of horsggd. N. Waran). pp.-18. Animal Welfare series nol.
Kluwer academic PublisherBordrecht, Netherlands.

Haddy, E., Burden, F. & L. Proops (2019) Shelter Seeking Behaviour of Healthy
Donkeys and Mules in a Hot Climat&pplied Animal Behaviour Scien@22,
104898.

Higgelke, P., MacLeod, H.L. & F. Doyon (2000) Bap Report #6. HABITAT SUPPLY
MODELS. KBM Forestry Consultants Inc, Ontario, Canada.

Kebede, F., Bekele, A., Moehlman, P. & P. Evangelista (2014) Predicting Habitat
Suitability for The Critically Endangered African Wild Ass in The Danakil,
Ethiopia.African Journal of Ecologyb2, 524 542.

Kelt, D.A. & D.H. Van Vuren (2001The Ecology and Macroecology of Mammalian
Home Range Area he American NaturalisL,57(6), 637 645.

Laney, K.N. & R.A. Schoen (2013)sing Science to Improve the BLM Wild Horse
and Burro Program, a Way ForwardThe National Academies Press,
Washington, DC, USA. 436 pp.

McHaffe, P., Hwang, S. & C. Follet (20193IS: An Introduction toMapping
TechnologiesCRC Press, Boca Raton, Florida, USA. 347 pp.

Olsen, F.W. & R.M. Hansen (1977) Food Relations of Wild fReaming Horses to
Livestock and Big Game, Red Desert Wyomindgournal of Range
Management30(1) 17 20.

Proops, L., Osthaus, B., Bell, N., Long, S., Hayday, K. & F. Burden (2019) Shelter
seeking Behavior of Donkeys and Horses in a Temperate Clidmimal of
veterinary Behaviqr32, 16-23.

Reimoser, S., Partl, E., Reimoser, F. & S. Vospernik (2009)D@e Habitat
Suitability and Predisposition of Forest to Browsing Damage in its
Dependence on Forest Growtodel Sensitivity in an Alpine Forest Region.
Ecological Modelling22(Q(18), 22312243.

Reza, M.I.H., Abdullah, S.A., Nor, S.B.M. & M.H. Ismail (2013) Integrating GIS and
Expert Judgment in a MuiCCriteria Analysis to Map and Develop a Habitat
Suit. Ecological Indicators34, 143158.

Schamberger, M., Farmer, A.H. &W. Terrell (1982) Habitat Suitability Index
Models: Introduction. U.S.D.I. Fish and Wildlife Service.

Sharma, B.D., Clevers, J., De Graaf, R. & N.R. Chapagaln (2004) Mapgpoings
kiang (Tibetan Wild Ass) Habitat in Surkhang, Upper Mustang, Nepal.
Mountain Research and Developme&#(2), 149 156.

W W The Project is cefunded by the European Regional Development Fund (ERDF 74
B B and by national funds of the countries participating in the  Interreg A
— O' OABUBaka2014¢icnnd #1 1T PAOAGETT o0



Singh, N.J., Yoccoz, N.G., Bhatnagar, Y.V. & J.L. Fox (2009) Using Habitat
Suitability Models to Sample Rare Species in Hightude Ecosystems: A
Case Study with Tibetan ArgaBiodiversity and Conservatioa8(11), 2893
2908.

Stoikou, M. & P. Karanikola (2014) The Entomofauna on the Leaves of Two Forest
Species,Fagus sylvaticaand Corylus avelana in Menoikio Mountain of
SerresEntomologia Hellenica23(2), 6573.

Theuerkauf, S.J. & R.N. Lipcius (2016) Quantitative Validation of a Habitat
Suitability Index for Oyster RestoratioRrontiers in Marine Scienge.

U.S. Fish and Wildlife Service (1981) Ecological Services Maiiugtandards for
Development of Habitat Suitability Index Models (103 ESM). Division of
Ecological Services, U.S. Department of the Interior, Washington, DC.

Van Home, B. & J.A. Wiens (1991) Forest Bird Habitat Suitability Models and the
Development of General Habitat Model$.S. Fish Wildl. Serv.Fish Wildl.
Res.8, 31.

Waran, N. (2002)The Welfare of HorsesAnimal Welfare series nol. Kluwer
Academic Publishes, Dordrecht, Netherlands. 225pp.

Wockner, G., Singer, F. & K. Schoenecker (2003) Habitat Suitability Model for
Bighorn Sheep and Wild Horses in Bighorn Canyon and the Pryor Mountain
Wild Horse Rangé&ort Collins, CO, USA: Natural Resource Ecology Lab,
Colorado State University.

Zajac, Z., Stith, B., Bowling, A.C., Langtimm, C.A. & E.D. Swain (2015) Evaluation
of Habitat Suitability Index Models by Global Sensitivity and Uncertainty
Analyses: A Case Study for Submerged Aquatic Vegetatitmology and
Evolution 5(13), 25032517.

Zalba, S.M. & N.C. Cozzani (2004) The Impacts of Feral Horses on Grassland Bird
Communities in ArgentingAnimal Conservation/(1), 3544.

Zecherle, L.J., Babavid, S., Nichols, H.J., Templeton, A.R., Hipperson, H.,
Horsburgh, G.J. & R.P. Brown (2020) Landscape Resistance Affects
Individual Habitat Selection but Not Genetic Relatedness in a Reintroduced
Desert UngulateBiological Conservation252, 108845.

W W The Project is cefunded by the European Regional Development Fund (ERDF 75
B B and by national funds of the countries participating in the  Interreg A
— O' OABUBaka2014¢icnnd #1 1T PAOAGETT o0



