International Journal of Biological Sciences and Applications

American Association for
AASCI Science and Technology
Published online September 20, 2014 (http://wwveidasg/journal/ijbsa)

2014; 1(4): 124-136

International Journal of
Biological Sciences
and Applications

£

Keywords

Ecological Niche Factor
Analysis,

Gazella Subgutturosa
Subgutturosa,

Habitat Suitability Model,
Golestan National Park

Received: August 17, 2014
Revised: August 23, 2014
Accepted: August 24, 2014

Predicting habitat suitability of the
goitered gazelle (Gazella
subgutturosa subgutturosa) using
presence-only data in Golestan
National Park, Iran

Bagherirad Elham® ", Salmanmahiny Abdulrasouf,
Ahmad Norhayati', Abdullah Maimon®, Erfanian BehnaZ

'Faculty of Science and Technology, National Uniigrst Malaysia (UKM), Bangi, Malaysia
2College of the Environmental Science, Universitygficultural Sciences and Natural Resources,
Gorgan, Iran

Email address
elham_bagherirad@yahoo.com (B. Elham), bagheritzahe®gmail.com (B. Elham)

Citation

Bagherirad Elham, Salmanmahiny Abdulrasoul, Ahmachisgati, Abdullah Maimon, Erfanian
Behnaz. Predicting Habitat Suitability of the GaggiGazelle Gazella subgutturosa subgutturosa)
Using Presence-Only Data in Golestan National Reak, International Journal of Biological
Sciences and Applicationgol. 1, No. 4, 2014, pp. 124-136.

Abstract

The goitered gazelled s. subgutturogafacing the highest rate of illegal hunting and
habitat destruction has been classified as thredten the IUCN Red List. Thus,
knowing the distribution of this species and itditet requirements is important in
designing efficient conservation measures for éhkabilitation. An ecological-niche
factor analysis (ENFA) using presence only data easied out using the Biomapper
4.0 software to assess the environmental and huelated factors that affect th@ s.
subgutturosapresence, as well as identified areas with higbitag suitability in
Golestan National Park (GNP) and nearby areas. EMBRated a high marginality
(1.40) and low tolerance (0.46) scores, suggestistrong tendency for the species to
live in a particular habitat throughout the studgaa Although environmental factors
limited the presence of th&. s. subgutturosahuman activities causing habitat
loss/fragmentation plus irregular hunting were thegor barriers to the distribution and
survival of these gazelles. The model also showed overall, 50% (313kf of the
study area was suitable, of which approximately6%6(23 knf) had high suitability.
The ENFA updated our information @k s. subgutturosaabitat status and showed us
the need to revise the boundary of the GNP focieffit conservation of this species.
However, a considerable portion of the suitabl@avas located outside the park, which
is under weak protection rules. Therefore, to mothe remaining population of the
gazelles in the GNP, it is necessary to focus memagt efforts on specific areas outside
the park.

1. Introduction

Certain biological characteristics expose specaegreater risk of extinction. For
instance, the risk of extinction could be highersjmecies that are characterized by a
small population size (40), small geographical easges (42), and in those species that
are also categorized as trade species, which inaabarea with a high human activity
rate (24). Therefore, any species that display ethesaracteristics should be more
sensitive to habitat change and more vulnerabéxtioction.
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Based on several previous studies, the goitere@llgaz performed

through Biomapper software (28, URL:

(Gazella subgutturo9acould be considered to be at risk ofhttp://www.unil.ch/biomapper). Originally, the ENFAas set

extinction since it possesses most of the high faskors in
its list of biological attributes. Gazelles, beingmall
ungulates, are selective in their food habits §,11). The
earlier dispersal rate of the goitered gazelle alasut 450-
700 km, and gazelles migrated over long distanoetnd
pastures and water, especially during the summes (L4,
18). However, to date, this distance has decrets&d-60
km because of the low population size of the gazkérds
(63 cited in 14), habitat changes, and fragmemafi#B).
Most people are interested to live catch new bareties
and local people often keep them as pets. Moredber,
goitered gazelle is most threatened by habitat lasd
fragmentation (41, 18).

One of the important topics in conservation biology

to predict fauna distributions, which are sensitige“false”
absence data (55). Also, the ENFA modelling is &bleredict
the potential distribution of rare species, as wasliplant or
native species from presence-only data, but it tgh be the
best model for invasive species (55). The data lusethe
ENFA fall into two categories: independent envir@mtal
variables and dependent species distribution data.

In Iran, the goitered gazelle is distributed widely
throughout the steppe or semi-desert habitats aritle far
south of the country with the exception of the ntaim
ranges (36). Today, only about 20% of the formegyytation
of the gazelles remains (23), mostly in protecteshs, while
poaching is still a serious problem. In Iran, liddher places,
poaching, habitat degradation due to overgrazingl an

information about the distribution of endangeredd anremoval of shrubs and bushes, conversion of land to

threatened animal species and their habitat regeinés (59,
55). Habitat suitability modelling is required foranagement
of the endangered species (50), re-introductiospefcies to
their historical or other habitats, population Viap analysis
(5), understanding of human-wildlife interaction1)5 and
restoration of the ecosystem (44). Habitat fragatén
resulting from land use has long been recognized amjor
threat to the preservation of the biodiversity smthe viability
of a species (39). Conservation strategies haveséston both
the preservation of adequate habitat areas andsphéal
distribution of these areas throughout the landsc@p attain
these goals, the use of spatial models (53, 4Badpecome a
common ecological practice. A wide variety of potidie
models have been used to simulate the spatialbdistm of
plant and animal species (55, 34). Most of thesalatso
identify a quantitative or qualitative relationstiptween the

agriculture, construction, mining, and military igittes (35)
are acting as threatening factors for these gazéelleerefore,
if conservation efforts are not immediately implersal for
this species, its status can soon change to th@dEXEX)
category (33).

In this study, a habitat suitability model was deped for
a subspecies of the goitered gazelle named Gheella
subgutturosa subgutturos@he output of this study will be to
identify the environmental factors that explain the
distribution of theG.s. subgutturosand to predict the highly
suitable areas for the conservation and managenfetite
endangered gazelle inside and outside of the GNEGT s.
subgutturosais the only subspecies of the goitered gazelle
which lives in the steppe habitat of the GNP in tloeth of
Iran and is highly threatened by human activities.

Despite the obvious need for efficient habitat @cton

presence of a species and a number of climatic amdforts, ecological studies on how to protect tk&s.

geomorphologic variables as well as informatiorvegetation
cover, land use and anthropogenic disturbances (30)
Although models can easily be made
presence/absence data of a species (27), howelver,
modeller should distinguish between true absente alad a
lack of information (56, 8), as absence data cdidcdue to
an insufficient sampling effort (31), lack of deiiea even
though it was present (54), extirpation of the gdn the
past even though the habitat is suitable, or § wnkuitable
habitat for the species. Only the last clause lisvest for
predictions, but the occurrence of “false absencesly
considerably bias analyses. Hence, when absenadsiabt
available or is unreliable, most of the modellingthods are
of limited use because certain sites may be seitabt may
not have been reached yet by the specie (27).
Accordingly, logistic regression/classification, ngealized

fromecological

subgutturosand develop a plan for reconnection of the habitat
patches in the area are insufficient. Moreover, ribguired
and biological information about thé&.s.
subgutturosa necessary for its conservation is rare. A
combining different sets of biotic and abiotic dateugh
models can be of high value in these instances4@8). For
G.s. subgutturos@n the GNP, habitat suitability was extracted
from physical and biological data using ecologiceidelling
and GIS. The ENFA procedure was used to depict the
following features: 1) environmental factors whilimit the
current distribution of the species, 2) human & which
have affected the distribution of the species, I8 most
suitable habitats for th®. s. subgutturosat) how to reconnect
the habitat patches, and 5) can we suggest hatdtaagement
strategies to improve the current population stafggmzelles?

linear model (GLM) and regression trees; as commo®_ NMaterials and Methods

ecological modelling methods relying on both preseand
absence data become useless in these instance34§5An
alternative method is modelling based on presenbe-adata
(27, 26, 31, 51, 1). One of these alternative teghss is the
Ecological Niche Factor Analysis (ENFA) (26). ThalFEA is

2.1. Study Area

The GNP is located in the north-eastern part af tathe
east of the Caspian Sea between 37°24'N to 55°58'E
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(37.403°N and 55.976°E) (6). In order to perforra ENFA,
a wider geographical area where Bs. subgutturosavas
selected; therefore, even though the study basdowated in
the GNP, the boundaries of the study area exteadtsard,
to the steppe area of the Ghorkhood preserve ds Wed
GNP has an area of approximately 91,859 hectardsttan
study area was 62,800 hectares. The boundary ofttluy
area was different from that of the GNP because ptid
does not cover habitats of all gazelles in thearegMoreover,
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came from field observations using a global positig
system (GPS) and map-guided interviews with local
shepherds, hunters, biologists, and park managens f
regional environmental agencies and were verifledugh
visiting the areas where gazelles were reporte@ fhinget
species distribution data were also obtained by nseaf
interviews with rangers and staff from the enviremtal
office in the GNP. Only the data confirmed in adethree
guestionnaires were considered. This restrictiterton was

the park area comprises high mountain ranges andede used to avoid the inclusion of false presencebérstatistical
forests unsuitable for this species. Initial fisldrveys were models (47, 2). Then, all the recorded presencea datre
implemented where we thought the species shoufaotdsent embedded in a geo-referenced database, UTM 10x10 m
in GNP. After intensive surveys and interviews wtie local squares, and represented by Arc GIS 9.3 (ESRI). The

people, the study area was defined according tdottetions
of the gazelles’ presence and those areas rarelgvar used
were omitted (Fig 1).

Legend

study area
]

park border

]

Fig 1. Geographic location of the study area and Goledttional Park
(Google Earth 2010)

presence data of th@. s. subgutturosgiathered from this
study is shown in Fig 2.
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Fig 2. Presence data of the G.s. subgutturosa in the @oldsational Park
and its vicinity.

The maximum and minimum elevations are 2,411 m ang2.3. Environmental and Human Related Data

450 m, respectively. The park includes mountainateas,
hills, fields, and plains. The steppe habitatstef GNP are
scattered throughout the northern and eastern. @drésmain
plant coverage includes bushy shrubs and annuatatgn
which belongs mostly to the Iran-o-Turanian elerseiiihe

The  Eco-geographical variables (EGV) were
geomorphologic features (e.g. altitude, slope, @s@ad
curvature), distance to human-made structures @estance
to the human residential areas, distance to roathrgte to

Artemisia species is an endemic and main species of thi§¢ watercourses, distance to environmental offéerel
element. These parts of the GNP have warm and dfjstance to livestock), the Normalized Differenaegetation

summers and cold winters. The annual average ptaodn
is 400 mm; the annual average temperature variggeba
11.5 to 17.5 °C; the absolute minimum temperatsir@b °C
and the reported maximum is 45 °C. Vegetation gnevare
occasionally accompanied Rosaand Tamarixspecies. The
density and variety of this vegetation is highetha valleys.

Index (NDVI) as a habitat structure, and panther aas
predator (Table 1).

Based on studies by Acevedo et al. (3, 1) and Qleeet
al. (48) in the Iberian Peninsula, many factorshsag human
activities, bioclimatic and ecological parameteffe@ the
population abundance and distribution of ungulatecies.

communities cover the hills and valleys creatirgheub land
that is a suitable habitat for park animals suchelles, red
deer, many rodents, and reptile&s. subgutturosais

currently present in Mirzabailo and its surroundargas in
the southern parts of the park, in Sulgerd andritwthern
part of the park up to Lohondor.

2.2. Gazelle Distribution Data

The presence data set consisted of 213 detailedt po
locations of theG. s. subgutturosaThis distribution data

could act as determinants of the current distrdyubf theG.
s. subgutturosan the GNP (Table 1), eight accounting for
environmental traits (habitat structure and geornolqgy),
and two accounting for human impacts and areas ewvtier
panther Panthera pardus saxicolpis present as a predator.
The geomorphologic variables were calculated frdm t
10x10 m DEM. The NDVI was calculated using bands8
4 of the Landsat TM images of the area acquirecugust
2007 and then used as a surrogate of the habitattste.
Five other variables that accounted for the hunngpearct on
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the G. s. subgutturosgerritories included the maps for roadsTheory (1957), and calculates the habitat suitgbitidices
and villages prepared by Google Earth (2010) arel tHrom environmental predictor variables and preseamdg

National Cartographic Centre of Iran (NCCI) usihg test
and most up-to-date images; while others maps afiamd
related variables such as water points, environaheffice
and livestock places were prepared by a reseaarh te the

data of a species (26). The main role of the ENFAG
compare the distributions of the EGVs between tlesgnce
data of the species and the study area.

The EGVs were normalized using the Box—Cox (26)

study area. Th®. pardus saxicoloiis the main predator that transformation. Similar to the principal componanilysis
hunts on theG. s. subgutturosin this area. Data on te.  (PCA), in the ENFA several EGVs are summarized tato
pardus saxicolorcame from a recent study in the area byndependent factors that contain more informatibime first
Erfanian et al. (21) that also included field \8s&nd close factor, marginality, explains the differences beatwesuitable

inspection of the accuracy of the point recordingl.the

EGV maps were prepared on the Arc GIS software 9.8rea,

(ESRI).

Table 1. Variables used in the spatial modelling of G.s.gutturosa habitat
in the Golestan National Park.

Egv Description and Sources
Geomorphology
Altitude Digital Elevation Model (DEM)
Slope Using “Slope steepness” function

P (percentage) based on DEM

Using “Aspect” function (percentage)

Aspect based on DEM
Curvature Using “Convexity/concavity’

function based on DEM
Human Impact
Distance to road (m)
Distance to villages (m)
Distance to watercourse
points(m)
Distance to environmental office
(m)
Distance to livestock herds (m)
Habitat Structure
Normalized Difference
Vegetation Index (NDVI)
Predator
Distance to Panther (m)

NCCI and Google Earth (2010)
NCCI and Google Earth (2010)

Researcher team

Researcher team

Researcher team

Based on red and near infra-red band
of Landsat TM, (2007)

Erfanian et al (2013)

No climatologic variables were considered as thealyst
area is characterized by a relative climatic homegg, with
only slight differences related to topographic atans
(Similar to 48, 1).

The prepared maps of the EGVs and the presencespdin
the species were imported and processed into tfSD
Kilimanjaro 32 (ESMAN). DistAN and CircAN modules
were used to obtain distance and frequency mags tivé
CircAN for all attractive resources (food, sheltet¢.) and
DistAN was used for disturbance (mainly human intpac
variables (For more details see Hirzel et al. @&) FAQ in
“www.unil.ch/biomapper/fag.html” as well as
WikiBiomapper).

2.4, Statistical Analysis
2.4.1. Habitat Modelling

conditions for the species from the mean habitah@nstudy
(26). The marginality factor, demonstratee th
correlation between each EGV and the factor. Threcisg
tend to live in average conditions throughout tiuelg area if
the marginality factor is low (close to 0), whereasigh
value (close to 1) indicates a tendency to livextraordinary
habitats. Furthermore, a positive value for the gimality
coefficient illustrates that the species prefeghhialues of
the respective EGVSs, but a negative value demadsstithat
the species prefers low values. The subsequenfiagerfs
are specialization factors, which define how thecégs
responds to environmental variables. The interpogtaf the
specialization factor is difficult because of igsge from 1 to
infinity. Therefore, the tolerance factor is usestéad, which
measures the tolerance of the species towardsvtitalae
range of environmental variables in the studiedaarehe
tolerance factor is the inverse of the specialkmafactor (1/S)
that ranges from 0 to 1. A low tolerance indicatiest the
species tend to live in a narrow range of the arre
conditions, while a high value indicates the regds).

After calculation of the ENFA factors, the habitat
suitability scores for each map pixel were compuied
accordance with the response of the species to eatbr.
Partial suitability scores were computed for eadidr as the
percentage distance to the median score of thenaise
presences. The habitat suitability was then obthias a
weighted average of these partial suitability ss@ecording
to the variability explained by each factor (26).

2.4.2. Model Validation and Accuracy

A habitat suitability map (HSM) was drawn using the
median algorithm, showing the highest Boyce Indaxorder
to evaluate how the results of a suitable modetrigss the
observed data, two factors, the Explained Inforama(ExI)
and Explained Specialization (ExS), were used. Ekkof
the model determined the number of factors includethe
habitat suitability map and means the amount ofavnae of
the data explained by marginality and specializatidhe
EXS means the amount of variance of the data axgalaby
the model (26).

The intensity and predictive power of the habitatadbility
model were considered by a cross-validation proeedis,

We only considered the presence data. An ENFA usimgg). The locations of the species were randomlyitjzared

presence only data was carried out using the Biperag.0

into k mutually exclusive but identically sized sets. E&c

software to assess the _env.ironmen_tal and huma@@la minus 1 partition was used to compute a habitatisility
factors that affect the species in question (26 ENFAis a model and the partition that was left out was usedalidate
modelling technique based on Hutchinson’s Ecolddiiehe it based on independent data. This process wasatezple
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times, each time by leaving out a different pantiti This

process resulted ik different habitat suitability maps, and variables such as slope,
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gazelles are negatively associated with the enmiemal
Dem, NDVI and curvature

the comparison of these maps and how they fluaduat€Appendix 1), indicating a preference for flat pigiwith low
provided an assessment of their predictive powewurF elevations and low vegetation densities. Meanwhile

partitions were used. Each map was reclassified iifitins,
where each bin i covered some proportion of theystarea
(Ai) and contained some proportion of validatiorirg® (Ni)
(validation points were the observations left outing the
cross-validation process). Three bins were alsal.u3be
area-adjusted frequency for each bin was compuieHi &
Ni/Ai. The expected Fi was 1 for all bins if the debd was
completely random. If the model was good, a lowgabf
habitat suitability should have a low F (below hdavice
versa with a monotonic increase in between.
monotonicity of the curve was measured with a Spear
rank correlation on the Fi (16, 29). Eventuallye thabitat
suitability map was reclassified into three classefs
suitability (<33, 33-66, >66).

3. Results

3.1. Direct and Surrogate Causes of the
Limited Distribution of the G.s.
Subgutturosa

Gazelles showed a tendency to occupy particuldresién
GNP and its vicinity (marginality score = 1.40 aiterance
factor = 0.46). The two factors retained out of 46counted
for 75% of the total sum of the Eigenvalues (tlsatlio0% of
the marginality and 75% of the specialization).
marginality factor alone accounted for 21% of thwalt
specialization, a significant indication that géeeldisplay a
restricted range in the study area.

According to the marginality factor which was negat
the potential distribution of the gazelles was higtorrelated
with the human-related variables such that gazelteferred
being close to all human-made structures (Appedlixr he
subsequent factors explaining specialization shothatl the
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5000 —Area
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Road distance

positive relationship between the presence of #eelps and
the occurrence of theP. pardus saxicolor by the
specialization factor represented the tolerancthefyazelles

to the presence of the predators in the study area.

Human-related variables had a greater effect on the

specialization factors of theG. s. subgutturosathan
marginality. With the exception of the livestoclaging areas,
the presence of the gazelles was positively reladedads,
water sources, environmental protection office ahe

Theillages according to the specialization factor gapdix 1).

For livestock occurrence gazelles avoided beingr rtea
competing species. In fact, th&. s. subgutturosais

distributed on the eastern edge of the park througlhe
north to the south, where most of the human strastand
settlements are located.

Furthermore, the marginality factors indicated thatelles
are found in locations with lower than average emllues
with regards to distances to road and water ssumeant
altitude and slope (Appendix 1). The altitude anBW
presented high coefficients for the specializatiactors of
the G.s. subgutturos@Appendix 1).

A histogram assessment showed that most of thdlemze
were found at a distance of less than 1,000 méwes roads
and villages. In the steppe area of the GNP, thyhdst
frequency of gazelle populations was found at tadee of

Thefess than 10 kilometres from water sources. Basedhe

results, gazelles are sensitive to shifts from rtlmgitimal
conditions on these axes. Altitude was the nextoitamt
factor which accounted for more specialization vehg some
sensitivity to a shift away from its optimal valueherefore,
gazelles were more inclined to select middle elemat(1000-
1600 m) and avoided high elevations (>1600 m). B=xe
preferred slopes of less than 20% (Fig 3).

3000

2500

2000 A
s
| + Presence
d
- N

1500

-
Ln
[=]
=1

—Area

Frequency

-
=]
=1
=1

un
[=]
=1

[=]

0 500 1000 2000 2500

Elevation




129

Bagherirad Elhamt al: Predicting Habitat Suitability of the Goitered£&lle Gazella subgutturosa subgutturodaging

Presence-Only Data in Golestan National Park, Iran

Fig 3. The distribution of G.s. subgutturosa in the stadda contrasted with distribution of four most imjamt environmental factors that affecting gazelle

habitat suitability.

3.2. Habitat Suitability Area for G.s.
Subgutturosa Distribution

600 120000
A
500 100000 || Iﬁ
[
400 . 30000 +—
? 400 E‘ ,\
S 300 = 60000 A
;“:' E \ — Area
= 200 Area = 10000
4  presence
100 B presence 20000
0 T T T ! 0 -l 7
0 10000 20000 30000 40000 0 20 40 50
Water distance Slope

Table 2. The comparison of Boyce index among different ilyms

Four habitat suitability maps were derived by cotiqgu _Al9onthm Boyce index + Sd
different algorithms and according to the highesty@&  Median 0.259 +0.458
index, the median algorithm was best to draw a thbi Geometric mean 0.156 + 0.457
suitability map (Table 2). The values of the habstsitability  Harmonic mean 0.173 + 0.432
index (I-_|SI) ranggd from 0 to 100; in WhICh O_refetvsthe Minimal distance 014 + 0.439
least suitable habitat and 100 to the most suitghip4).

é_ Lohondor _é
‘%_ Mirzabailo _%
= HS Le
s Value g
. High - 100
é_ Low : 0 _g
6 3 0 3 12 Km

Fig 4. The habitat suitability map (based on median aldpn) for the G. s. subgutturosa in the study aras been produced by the ENFA. The scale shows
the habitat suitability values (0 indicating lowAuitability and 100 indicating the highest suitail.
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The habitat suitability map (Fig 5) classified #tady area and Khorasan-Razavi in the north of Iran, passesith the
according to the following suitability percentagdsghly park and the preserve. Despite the good naturtdlslify of
suitable - 3.66% (23 kfjy moderately suitable - 12.73% (80 the preserve for the presence of gazellesy suffer from a
km?), less suitable - 33.43% (210 Rmand unsuitable - high level of human disturbance in this area.

50.15% (315 k). The suitable areas have mostly been Highly suitable areas without current records oé th
located in the steppe region and in the low elewatiof the presence of the species (Fig 5) indicated thetgloli the
Mirzabailo plain, and the Solegerd and Lohondoasiie the ecological model to identify suitable areas in uitipated
eastern part of the GNP towards the Ghorkhood prese regions. The presence of gazelles at low suitatdasainside
including the border area between the park andbteserve the GNP under the protection of the DoE indicated safety
(Fig 5). The most suitable areas outside the pagloecupied is an important factor in the distribution and gmse of the
by farmlands, villages, and livestock herding. TB&P gazelles (Fig 5).

highway, that connects the two main provinces ofe&@an

390000 400000 410000 420000 430000 440000
1 1 1

4180000
4180000

4140000 4150000 4160000 4170000
4180000 4160000 4170000

4140000

4130000
4130000

Legend

4120000
4120000

+  presence points

|:| study area
] D park border L
I Low suitability
I Medium suitability
[ High suitability

4110000
4110000

2 5 25 0 5 10 Km Lg
g BN .| g
g g
3 3
T T T T T T
390000 400000 410000 420000 430000 440000

Fig 5. The map of distribution and different level of Habsuitability ofG. s. subgutturosa in the study area (red borde &olestan National Park (black
border). Most gazelle presence points were recoiédgh suitable area of park and its vicinity.

A cross-validation of the model demonstrated thastnof = model. Moreover, the accuracy of the predictive eldd/ a
the gazelle records fell within the most suitablgbitat, cross-validation procedure was considered to bed ga®
which probably indicates that the gazelles are ctgkr there was no overlapping among the three classéslufat
ruminant which prefers high quality areas (Tabkn8 Fig 6). suitability under the species distribution (Fig 6AJhe
Moreover, the heavy presence of the gazelles inhtgkly  explained information of the model was 0.877 ané th
suitable areas emphasizes the accuracy of the gicalo explained specialization was 0.755.
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Table 3. Summary of the habitat suitability map (HSM) arstribution of G.s. subguttorosa at 3 classes ofitaaluitability

‘HS 1 HS 2 HS 3

0-33 33-66 66-100
The area of gazelle suitability habitat 210 knt 80 kn? 23 knt
Gazelle density Medium Low High

“Habitat suitability (HS) scores were derived fromo&3-validation procedure,

categories from 1 to @present the suitability of the study area &sentG.s.

subguttorosaccording to marginality and specialization fastdthus, score 1 show area of low suitability ataies 3 indicates an area of high suitability for
gazelle presence. Although, most of study areaddca low suitable class, but most gazelle presemas recorded in high suitable class.
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Fig 6. Frequency histogram of the distribution of G.s.quttorosa (green bar in figure A) and proportionsdfidy area (red bar in figure B) under 3 suitable

classes by habitat-suitability bin according to ssevalidation procedure.

4. Discussion

The interpretation of factors in terms of its EGMsned
out to be very consistent with the experience adfi
specialists. In particular, the EGVs that corralateth the
marginality factor were precisely those that wemshoften
particularly relevant for the ecology of the gaesll

The ENFA as a robust model built on presence-oahad
(27) cannot extract causality relations. Nonethgleg
provides important clues about preferential condgi and
remains a powerful tool to draw potential habitatp® (26).
As the data for this study came from surveys carexstmith
species presence, the ENFA was used to createbifityta
maps of thes. s. subgutturosa

4.1. Relationship between Human Activities
and Environmental Factors with Regard
to the Distribution of the G.s.
Subgutturosa

The narrow distribution of th&.s. subgutturosa the study
area suggests that the species prefers a smalk rafg
environmental factors for their habitat confirmeg the high

marginality and low tolerance scores. Recent studi®ut the
interaction between human activities and the peseaf the
gazelle have shown that a negative relationshigtekietween
the presence of the species with most types of huma
interference (57, 32, 61, 62) whereas in our stheéyreverse
was true. The main/transit road of the GNP andutsounding
villages with their high marginality and speciativa factors
encompassed the main human activities, positivelgted to
the occurrence of th&.s. subgutturosaMost of the human
settlements and villages around the GNP were Idcaeidst
agricultural lands along the border of the mairdro&lso, as
reported in previous studies, cultivated lands, gadiens are
important food sources for gazelles throughout thear
because of the palatable wheat, wild alfalfa, gneih forage
and artificial water sources (46, 22). Therefor@stmof the
gazelle distributions in the study area were sgottear the
main road and villages and the frequency of theltgszup to
1,000 m distance from road and human settlements aee
(Appendix 1 and Fig 3). On the other hand, manydroa
accidents and casualties have been reported byrah@&n
Department of the Environment (DoE) when gazelte=ngpt
to cross the road to reach the agricultural lamis gardens.
Hence, tendency of gazelles to farmlands is of rien
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problems. Fluctuations in the population of thi®@ps are
affected by this tendency.

In contrast to asphalt roads, it seems that urdiseleondary
roads have a lesser effect on the distribution ateties
because of much less traffic. Therefore, in thesque study;
secondary roads were lumped with the main road. dvewy
the secondary roads inside the park would makasiee for
poachers to reach the gazelle habitats.
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observations of gazelle herds. As such, theredsrdlict of
interest between human activities and the preseficie
gazelles, and this will lead to the continued ladsthis
species in the area.

Among all the environmental factors, the occurreaicthe
G. s. subgutturos&s negatively correlated mostly with slope
and altitude, explained by the specialization fa¢fppendix
1). The low density of leopards and cheetahs irsthdy area

The presence of competing species, such as lidestohas resulted in a tendency of the gazelles to dlvsm the

limits the occurrence of the gazelles, as suggebtedhe
specialization factor (Appendix 1). A considerapépulation
of livestock graze on the flat plains of the presérarea on
the border of the GNP throughout the year. Domestimals
force the gazelles from the flat areas of theiritadlioward
the hilly terrain where most of the predators, sasHeopard

hilly areas near the habitats of predators, acaidd by the
marginality factor (Appendix 1). According to thesults of
Fig 3, the highest frequency of gazelles was faediss the
low relief areas, including the 1000-1600 m altéuand a
20% slope, where a combination of flat plains wiitity
areas seems the most preferred habitat for gazedies

and cheetah, live. Moreover, herd dogs also chase tpreviously reported by other studies (4, 57, 22).

gazelles and force them to leave their normal hai2). In

Based on the specialization factor (Appendix 1) th

fact, domestic sheep and goats share somewhatasimipresence of gazelles was restricted in areas withigh

dietary habits as well as other life-history traitish gazelles
(17, 58). Therefore, an ecological competition nwocur
between livestock and the gazelles leading to tan#ag
situation for the gazelle population in the nedufe in view
of their small population size in GNP.

curvature as these areas are mostly close to ninantath
high elevation and unsuitable slope for gazelldthodigh the
hilly terrain provides greater security against giwAs,
particularly during the night when they are actiwéth
spotlights, but, the risk of being trapped by ptedacannot

The gazelles were highly dependent on water sourcée ignored. In another study about the habitattele of the

(Appendix 1), similar to the results by Mendelss¢#8) and
Farhadinia et al. (22), but, according to the lyson in Fig 3,
the highest

Tibetan gazelleRrocapra picticaudatp Wangdwei and Fox
(57) found that although small breaks and gentlwatures

frequency of gazelles was concentrated hilly terrain would be suitable places for thaadl gazelle

homogeneously at a radius of less than 10 km around hide in, these also put them at risk from predat

watercourses. This rather great distance from wsterces
could be explained by the fact that most of theewaturses
on the GNP are dried or contaminated. In additibis, study
was not able to consider the two factors whichadfecting
the amount of water consumed by the gazelles, wérieh1)
The farmlands around the GNP which attract the lgggze
during the night provide the water requirements tioé
gazelles by means of the green and succulent canpisalso
the waterholes in these farmlands, such as thds;ateeams
and springs, can be a notable source of watehéogazelles.
2) It is supposed that th&.s. Subgutturosalso tend to
supplement a considerable proportion of their
requirements by consuming plants with high watetteot in
their habitat (60, 22). Hence, it can be hypothregsishat
succulent plants in gazelle habitat and cultivaf@anland
around the park could be further sources of watside
watercourses for th@. s. subgutturosa.

As a result, the negative impact of human actisiten
gazelle distribution through restriction of the nentions
between ecologically suitable areas and habitghfemntation,
habitat loss, hunting, competition with livestodkefficient
administration/enforcement of legislation and irqte
protected area coverage, were considered as megsoms
for the degradation and loss of habitat, and sulessty for
the decrease in the gazelles’ population in oudysiand in
those conducted in other parts of the world (41, 48).
Despite all of these limitations, gazelles ard stilsorbed to
human-made structures such as cultivated land andegs

As indicated by the specialization factor, the ommce of
the G.s. subgutturosiés negatively associated with the NDVI
(Appendix 1). This means that the gazelles avoidsee
vegetation parts of the habitat. In another stitdgas found
that gazelles preferred vegetation types which werainated
by shrubs, such as tietemisia herba-albawith a maximum
canopy cover of 30% (9). Also, based on direct oladon,
most gazelle traces (pellet groups and tracts) \eften an
open, flat area and empty spaces between shrubsasuthe
Artemisia herba-alba However, there is a significant
relationship between the NDVI and the occurrencethaf

watelMongolian gazelle, as reported by Muller et al.)(4bhey

found that gazelles prefer an intermediate rangd@VI that
provides adequate forage quantity and quality, @l as most
of their resource requirements. It may be quitelyikhat an
area with low NDVI values may not provide adequatage
for gazelles. Although areas with high NDVI valuase
associated with higher amounts of mature forages ragh
productivity rates; plants at a mature stage hes® hutritional
quality and digestibility (37, 11). Therefore, gkeg being
small ruminants, require high nutritional forage small
amounts, which are provided more in the intermediange of
the NDVI. This could be due to the small rumen simd high
energy requirements of the gazelle (15).

4.2. Suitable Habitat Area and Conservation
Concept

During the past two decades, the population ofgézelle

throughout the year confirmed by several daily &lsu paq geclined dramatically in their natural habitatthe GNP
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of Iran, and the remaining population is highlygireented
and endangered. Therefore, to manage the
population and habitat o6.s. subgutturosan GNP, we
strongly suggest that the identification of theicail areas for

Low habitat connectively risks the viability of lated

remainipgpulations (13, 1) and the results of our studg héso

demonstrated meta-population fragmentation foigdmelles.
In spite of the connectivity between suitable arayfmented

conservation and boundary modification be conducteldabitats in the study area (Fig 5), most of theidors areas

immediately. The habitat suitability map of th®. s.

are located in “attractive sink-like” habitats &erte is a high

subgutturosadentified the suitable areas as being mostly imevel of human disturbance in the fragmented area.

the steppe and low relief regions of the GNP andhim
Ghorkhood preserve. The model also showed thahabéat
suitability map for theG. s. subgutturosajs somehow
extended outside the park while the presence duataur
study were restricted to the border of the GNP (B)g

Our results show that human-made structures ardhbed
GNP are the main reasons for habitat loss, fragatientand
population isolation rather than environmental alalés for the
G. s. subgutturosarhe existence of ecological corridors is the
first step in conservation biology (1, 12). Therefoa re-

Overall, 50% (313kM) of the study area was predicted to beevaluation of habitat management strategies ismewnded

suitable, of which approximately 3.66% (23 %nhad high
suitability. The model showed that a consideralugipn of

the suitable area was located outside the parkhm ta change in GNP boundary. As a result, we strongly

Ghorkhood preserve, which is under weak protectides.
The preserve has a good, natural suitability bfiesifrom a
high level of human disturbance and activity, whatts as
an “attractive sink-like” habitat or “ecologicalap” (34).
Therefore, in order to protect the remaining pofioifaof the
gazelles in the GNP, it is necessary to focus mamagt
efforts on specific areas outside the park and igeothe
necessary links and even a change in GNP curremdaoy.

The GNP , as the most important and valuable naftion

park in Iran, is the first Iranian national park UNESCO’s
World Heritage list and one of the 50 biospheremess. The
Park became protected from 1957, and in 1971, anatiea
called Ghorkhood, with 34,000 hectares, becamelathto
the eastern part of the park, and the title of phaek was
changed to National Park. Tk s. subgutturosé& the only
species of gazelles which is widely distributedhe steppe
area of the National Park (from the eastern pathefWild

Park to the Ghorkhood preserve). However, after91%7e

Ghorkhood area and the Wild Park were again segmhrat

to design potential dispersal corridors that fa#i the
exchange of individuals between fragmented haldtatseven

recommend- that the current results of predictiabitat
mapping be used for the recognition of probableidors and
the effective protection of gazelle paths in futtgsearches.

4.3. Biological Characteristics and
Extinction Risk

All species do not respond in the same way to agbit
induced changes; some species are able to deal tiadth
changes in the natural ecosystem and are flexiltlie others
are sensitive to habitat fragmentation and likelybecome
extinct (51) as has been shown for @es. subgutturosan the
current study. Despite the landscape transformatewmeral
life-history characteristics ob. s. subgutturosincreases the
risk of their wvulnerability of the fragmented andnall
populations such as small home range size (anrnveabhge
3.55 km2;20) and low annual dispersal rate (50-60 &3
cited in 14); low population size and density (19); high
selectivity in food habits (58, 11), low survivalte (0.5 for an
adult gazelle) and low fecundity rate (0.4 for aulafemale)

from each other and the name of the current park Wayg) The last two traits influence reproductiond athe

changed to GNP with an area of 91,895 hectare®r Alfie
separation, the large gazelles’ population, nunnigearound
600 individuals, which could formerly be seen irdwiareas
of the National Park, declined to only 220 gazell@aring
the same period, the gazelles’ population werergatid in
the Ghorkhood preserve, where once a large populatf
gazelles were living (25). This species has be@emencing
the greatest population reduction in their habitdtthe GNP
over the two last decades, and is exposed to #ie af
habitat loss, fragmentation, and excessive hungitpough
individuals or small groups of gazelles are seem ismall
range of the Ghorkhood preserve, higher conceatrsitof
population are now limited to the eastern steppthefGNP
at the Mirzabylo plain, the Solegerd and Lohondozaas.
Recently, a variety of human development, conversiad
habitat destruction have been dramatically occuried
wildlife habitats throughout the world (51, 13, 4)milar to
our study area. Therefore, in order to protectrémaining
population of the gazelles in the study area, isti®ngly
suggested that any form of development be preveraed
least in the predicted suitable habitats outsiéeptirk.

mortality rate of gazelles.

5. Conclusions

The gazelles in Iran are worthy of strong reseanH
conservation efforts as they are currently endatyetf
conservation efforts are not implemented for thiecses in
the near future, its status could be changed t&itimct (EX)
category (33). In GNP, habitats of this speciesehbeen
fragmented into three patches located near hunttarsents.
Therefore, compared to other wild herbivores lilkee wild
goats and sheep, gazelles have been more exposisk to
from human activities.

Knowledge of the ecology of th@ s. subgutturosgazelles
and their biological parameters required for effiti
conservation measures are currently not enoughran. |
According to our modelling results, the occurreat¢heG. s.
subgutturosawas negatively affected by human activities
compared to other ecological factors. Geomorpholdagtors
restricted the distribution of th®. s. subgutturosebut due to
the relief of the area, the topographic factorsndb seem to
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deter the dispersal of the gazelles in the studw.a®n the
other hand, we found that most human activitieh aagcland
use, human settlements and constructions had edsultioss
of habitat and fragmented the gazelles’ distribuiio isolated
areas at the GNP border. Moreover, our findingswstuat
irregular hunting, habitat alteration and occupamaywe a
higher share in the declining trend of the gazeflepulation
than the low predator population density factor.ntée
poachers from adjacent villages seem to be the thadat to
the gazelles, especially during the night when ey active
with spotlights. As the only natural population thie G.s.

nces and ligtions 2014; 1(4): 124-136 134

become a challenge to conservation efforts ancdgivas rise
to disputes with the local people. The issue néede settled
to ensure a stable future for the gazelles inahés. To do so,
an appropriate public participatory strategy shoalso be
devised and implemented.

Gazelles have also shown a tendency to stay near th
environmental protection office. Hence, to faciétatheir
movements between suitable areas it may be hetphhve a
more intense presence of wildlife guard posts. dRetng or, if
possible, closure of some of the roads in the a@a be
considered as other management measures. Being tdos

subgutturosain the north of Iran is found in the GNP, theroads, water points, livestock routes and villagesall signs

urgent need for gazelles’ conservation has longn ldious
and affrmed by this study. The study also helped
confirming the need to perhaps modify the currentrigary of
the GNP and reconnect the remaining habitat patefin
and without the Park.

Considering the gazelles’ habitat fragmentatiothimn GNP
and the nearby areas as indicated by their proxitmitoads, it
is now incumbent upon the officials of the enviremtal
protection office to devise corridors for connegtiwarious
important habitat patches and eventually modifyremitr park
borders to accommodate the gazelles’ need. Thases
tendency of gazelles to be drawn to agriculturaldé has

Appendix 1.

Scores of the ten factors that explain most ofér@tion in the

of clashes with the presence of humans in the ailga.again
icalls for a participatory resource management with local
people around the park.
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occurrence of G.s. subgutturos#hie@ Golestan National Park

EGV Marginality Spec.1 Spec.2 Spec.3 Spec.4d Spec.5 Spec.6 Spec.7 Spec.8 Spec.9
Distance to Road -0.526" 0.057 0.354 0.673 -0.186 -0.012 0.060 -0.091 -0.023 -0.059
Distance to Water sources -0.440" -0.060 -0.173 -0.273  -0.290 -0.141  -0.373 -0.470 0.705 -0.156
Distance to Environment office  -0.368 -0.074 -0.161 0.228 0.525 0.553 0.093 0.493 -0.036 -0.389
Distance to Livestock -0.356" 0.071 -0.360 -0.144 -0.222 -0.150 0.250 -0.165 -0.317 -0.348
Distance to Village -0.350 0.084 -0.423 -0.173 -0.034 -0.111 -0.100 -0.162 -0.205 0.679
Slope -0.277 0.085 0.203 -0.250 0.216 -0.530  0.266 0.509 0.068 0.064
Distance to Predator (Panther) -0.234 0.211 0.593 -0.502 0.254 0.340 0.070 0.254 -0.586 0.479
Dem -0.109 -0.961  0.311 -0.215  0.056 0.300 -0.127 -0.166 -0.009 0.016
NDVI -0.039 0.006 -0.096  0.096 -0.076 -0.178 -0.822 0.179 -0.111 -0.055
Curvature 0.002 -0.012 -0.105 -0.022 -0.660 0.348 0.092 0.301 0.037 0.047

EGVs are sorted by decreasing absolute value dficieats on the marginality factor. Variables magkwith ** in the first column explain the margiitglof

the species and factors marked with * in the remngiolumns explain the specialization. The spetbn factors are ranked by decreasing amounts of
explained variance. The first column shows 100 grgrenarginality. Positive values (+) under the nratity factor indicates that gazelles are found in
locations with higher than average cell values; atieg values (-) indicate that gazelles are founkb¢ations with lower than average cell valuese $ign of

the coefficients has no meaning under specialiadtotors.
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