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ﬁzzieciig.isﬂ%g /2020 Understanding habitat requirements and distribution of species is critical to
Accepted;m /02/2020 their effective management. Kouh-Sefid Hunting Prohibited Area (KHPA)
Available online: 31/03/2020 with an area of 983 km?is located in Tehran Province, the Capital of Iran.

Wild goat inhabits mountainous parts of this area. To assess the role of KHPA

in the conservation of this vulnerable species, we applied a maxent habitat

&;ﬁ';"‘(’;‘:s suitability modeling approach to relate the presence of wild goat to
Kouh_gseﬁd environmental variables representing topographic and anthropogenic
Hunting Prohibited Area characteristics of the area. Results indicate that the distribution of Species is
Habitat suitability modeling positively related to elevation, slope, standard deviation of elevation, and
maxent

slope. However, habitat suitability is negatively affected by roads and man-
made structures. Finally, more than 34% of the area is suitable for wild goat,
extending from east to west of the area. Considering the location of
surrounding protected areas, KHPA could be a critical corridor for wild goat

in the east of Tehran province.

1. Introduction

Understanding the habitat requirements of species is critical in their management. The
habitats are considered the most important factors for protecting specie, especially endangered
ones (Moradi et al, 2022). Habitat suitability modeling has incorporated the multivariate
analysis and geographic information system to relate the distribution of species to their
environment and therefore enhance our knowledge about their habitat associations (Guisan &
Zimmerman, 2000). The results of these models are applied in various fields of wildlife studies
such as conservation (Rodriguez-Soto et al., 2011), reserve planning (Tole, 2006), ecology
(Marino et al, 2011), invasive-species management (Jarnevich & Reynolds, 2011) and
reintroduction (Cassinello et al., 2006). Wild goat is one of the largest mountainous mammals in
Iran (Ziaei, 2008) and is classified as vulnerable (IUCN Red List, 2013). This species inhabits 11
national parks, 11 wildlife refuges, and 48 Protected Areas (Darvishsefat, 2006). The major
threats for wild goat are illegal hunting competition for food with livestock and habitat
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destruction (Genov et al, 2009, Weinberg et al., 2008). In Iran, poaching in various ways
(shooting, trapping, and catching with dogs) is considered the main threat (Ziaei, 2008).

Wild goat habitat preferences are modeled in several locations in Iran (e.g. Sarhangzadeh et
al., 2013; Shams-Esfandabad et al., 2010). This species is reported from the Kouh-Sefid Hunting
Prohibited Area (KHPA). Hunting-prohibited areas receive the least conservation actions in Iran
and are designated to areas with high potential to reach higher levels of conservation (Such as
Protected Areas, W wildlife Refuge, or National Parks). KHPA is located in the east of Tehran
Province, the capital of the country. The high population along with the high land price made
this province severely susceptible to anthropogenic factors. Therefore, the conservation of
remaining habitat through managing and protecting reserves plays an important role in the
conservation of wildlife species in this province. However, little is known about the distribution
and habitat preferences of wild goat across the KHPA. Moreover, KHPA is located among two
other reserves which are habitats of wild goat. This increases the importance of KHPA as a
potential corridor for populations of wild goat in these two areas. In this research, we developed
a habitat suitability model using the Maxent approach (Phillips et al., 2006) based on occurrence
records gathered in 2013 to achieve the following objectives: Understanding the habitat
requirements of the species across the area. Determining suitable habitat distribution across the
reserve and their effectiveness in the conservation of wild goat.

2. Materials and methods

2.1. Study area:

The study area covers 983 km2 of east of Tehran province. KHPA was designated as a
Hunting Prohibited A rea in 2005. This reserve encompasses mountainous and flat areas in the
east of Tehran. The elevation above sea level ranges from 1113 to 2643 m. Leopard Panthera
pardus, wild sheep Ovis orientalis, and wild goat Capra aegagrus are the largest mammals
inhabiting this area. Dominant vegetative forms of grasses and shrubs cover the KHPA. The
main anthropogenic activities are farming and developing urban areas (Department of the
Environment, 2012).

Table 1. Name and area of reserves located inside and around the Tehran Province

Code Reserve name Area (ka)
1 Alborz Markazi Protected Area 399321.49
2 Lar Hunting Prohibited Area 455.3
3 Lar National Park 280.6
4 Varjin Protected Area 270.4
5 Jajrood Protected Area 758.0
6 Khojir National Park 99.7
7 Sorkhe Hesar National Park 92.0
8 Kouh-Sefid Protected Area 983.1
9 Kavdeh Hunting Prohibited Area 769.1

10 Kavir Protected Area 2487.2

A comparison of reserve areas inside and around Tehran Province (Fig. 1) indicates that
KHPA stands in third place based on area (Table 1). It is also located between Jajrood and
Kavdeh reserves and fills the gap between these areas.
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2.2. Location data:

We recorded the localities of direct observations of wild goat across the KHPA during field
surveys conducted across the reserve from the fall of 2012 to the end of summer 2013. The
surveys were carried out at 1-month intervals in predetermined routes randomly selected from
available routes throughout KHPA. These routes permitted a clear view of all slopes and aspects
and crossed most of the potential habits of wild goat (Based on interviews with game guards
and experienced local people). Surveyed routes varied from 15 to 27 km long, and each survey
entailed 6 to 10 hours of observation. The same team of observers traveled all the routes on foot
or by vehicles at low speeds. Therefore precise observation of the surrounding habitats was
possible. In each season (spring: April-June; summer: July-September; fall: October- December;
winter: January-March) sampling without replacement approach was applied (by excluding
randomly selected routes previously surveyed in that season).

The coordination of the location of wild goat observations was recorded. As far as nearly all
of the locations of wild goat observation were not accessible (Steep slopes), in each observation
the coordination of the observer, the distance, and the compass bearing of the goats from the
observer were recorded to extract the exact location of observation from a digitized 1:50000
topographic map of the area. For each group of wild goats only one point was recorded. For a
large and/or scattered group, the center of the group was selected. Exact counting of herds was
not possible for all groups. Therefore, we did not perform any analysis on the group size of wild
goat. At the end of surveys, 31 observation records were gathered (Figure 2). Some
observations could be due to a low population size of wild goat in KHPA (100 - 150 individuals
based on estimations made by wildlife guards). The low sample size led us to develop a single
habitat suitability model for all the years instead of seasonal models.
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Figure 1. Location of KHPA (No. 8) among other under-protection areas in Tehran province
(description and name of reserves are presented in Table 1).
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The spatial and temporal autocorrelations are frequent in species distribution studies and
may bias estimates made in this research (Legendre, 1993). To confront this problem we
decided to keep locations that could only be related to one wild goat home range. However,
there was no estimation of the wild goat home range. Therefore we considered the home range
estimated for big horn as a minimum of 0.8 km2 (Geist, 1971) and used 1 km2 as the minimum
possible home range for wild goat. Then, we checked for the data points located inside each 1
km2 to remove redundant points to lower the spatial autocorrelation. However, there was only
one point inside each squared kilometer and we kept all the data points in the analysis. The one-
month interval between each of the two subsequent surveys lowered the temporal
autocorrelation.
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Figure 2. Hillshade map of the study area and location of wild goat observations

2.3.Habitat variables:

Several studies suggest that wild goat presence is affected by topographic ruggedness and
the severity of development near and inside the reserve (e.g. Ziaei, 2008, Shams-Esfandabad et
al, 2010). We incorporated eleven variables capturing variations in topography and
anthropogenic factors across the study area in the model. The correlation between variables
was considered using the Pearson correlation coefficient. No correlation coefficient was higher
than 0.6. Therefore, we entered all the variables in the analyses (Table 2).

To study the effect of variations in slope and elevation, the standard deviation of these
variables was calculated in an area equal to the wild goat guessed home range around each pixel
of the habitat. The land use data: rivers, roads, settlements (cities and villages), and farms were
digitized from 1: 50,000 maps. Then, the distance map for each of these layers was calculated.
To account for the effects of anthropogenic sources adjacent to the boundary of KHPA, all the
human sources located in a 5-kilometer buffer from the boundary of the study area were
considered in the distance calculation. All habitat variable maps were produced using ArcGIS
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(Ver.10). All maps were in raster format with a 100 x 100-meter pixel size so that each pixel
would represent 1 hectare.

Table 2. Habitat variables used in modeling wild goat habitat in KHPA

Variable Name
Elevation Elevation for each 100-m pixel
Elevation (SD) Standard deviation of slope calculated in an 1 km? circle around each pixel
Slope Slope (degree) for each 100-m pixel
Slope (SD) Standard deviation of slope calculated in an 1 km? circle around each pixel
Cosine of Aspect | Cosine of aspect varying from -1 (south) to +1 (north)
Sine of Aspect Sine of aspect varying from -1 (west) to +1 (East)

Distance to road | Distance from nearest road for each 100-m pixel
Distancetovillage | Distance from nearest village for each 100-m pixel
Distance to river | Distance from nearest river for each 100-m pixel
Distance to city Distance from nearest city for each 100-m pixel
Distance to farm | Distance from nearest farm for each 100-m pixel

2.4. Statistical model:

The maximum Entropy (Maxent; Phillips et al., 2006) approach was applied to observation
records of wild goat to develop a habitat suitability model. Maxent requires few presence points
to construct applicable models (Baldwin, 2009) and therefore is suitable for our study. MaxEnt
software version 3.3.3k, www.cs.princeton.edu/~schapire/maxent/, was used to perform the
maxent analysis. Model results were evaluated using a suitability threshold independent index,
Receiver Operating Characteristic (ROC) analysis, generating the Area Under the Curve (AUC)
measure of model fit where a random model would have an AUC value of 0.50 (Liu et al., 2009).

A suitable habitat map was classified based on the threshold maximizing the sum of
sensitivity and specificity (as suggested by Jimenez-Valverde & Lobo, 2007) which are
respectively the proportion of presence points and the proportion of background points
(random points chosen from the study area by the software) predicted correctly by the model.
The suitable patches larger than the guessed wild goat minimum home range size were depicted
and were analyzed by the index of perimeter to area (P/A ) ratio as an index of shape
complexity and susceptibility to human activities. A higher ratio means higher complexity and
susceptibility (Turner et al., 2001).

3. Results

Excluding the variables with a percent contribution of 0 from analysis, we produced the
final model with nine variables with acceptable AUC (Table 3). Considering the percent
contribution and jackknife analysis, four variables of standard deviation of elevation, slope,
standard deviation of slope, and distance to farm were the most important in the model.
Jackknife results indicated that the standard deviation of slope presented the most information
about the species' presence and this information was unique and not presented by other
variables. Slope and standard deviation of slope were important predictors and explained a
large amount of information about the distribution of wild goat. However, other variables could
present their information (see Table 3). The suitability threshold of 37.3 percent was used to
classify the suitability map. As a result, 34% of the reserve was classified as suitable. However,
the suitable habitats were highly patchy (Table 4).
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Table 3. Percent contribution of environmental variables in wild goat habitat suitability model and

AUC for ROC.
Environmental variables Percent contribution

Elevation 81.7

Sine of aspect 5.4
Distance toroad (m) 5.2
Elevation 1.3
Distance to city (m) 0.5
Slope 0.3

AUC 0.86

Therefore, to assess the capability of suitable habitats in sustaining the wild goat population
patches larger than 1 km2 were identified (Fig. 4). As a result, there were eleven suitable
patches with an area greater than 1 km2 (Table 5). They comprised 94.4% of the total suitable
habitats across the KHPA.

Table 4. Descriptive statistics of suitable and unsuitable patches for wild goat in KHPA

Patch Patch Min Max patch patch patch  Percent
suitability Frequency Area Area Area Area Area of
(kmz) (kmz) (Mean) (SD) (Sum) KHPA
Suitable 3854 0.06 180.8 0.09 32 335.8 34.2
Unsuitable 30026 0.06 531.5 0.02 3.1 646.6 65.8

Three patches (numbers 5, 6, and 11: see Fig 4) were larger than 47 km2 and covered the
middle and east of the KHPA. These patches with a total area of 299.4 km2 consisted of 89% of
total suitable habitats and 30.4% of KHPA. Considering (P/A ) ratio, these patches were
relatively less susceptible to human activities in comparison with smaller patches (see Table 5).

Table 5. Characteristics of suitable habitat patches larger than 1 km2across the KHPA

Patch Patch area % of P?tCh Perimeter/Area (P/A)
No 2 KHPA perimeter (P/A) Ratio rank
(km“) (km)
1 3.2 0.3 55.6 17.4 6
2 1.0 0.1 22.0 22 9
3 5.0 0.5 89.6 17.9 7
4 3.1 0.3 71.0 10.8 2
5 71.2 7.2 1085.2 152 5
6 47.3 4.8 547.6 11.6 3
7 14 0.1 39.7 28.4 11
8 1.4 0.1 31.6 22.6 10
9 1.5 0.2 30.8 20.5
10 1.5 0.1 22.9 2.0 1
11 180.8 184 2347.1 13.0 4
Total 317.0 32.3

Response curves for final model variables (Fig. 3) indicated that an increase in slope,
standard deviation of slope, and standard deviation of elevation directly increased the habitat
suitability for wild goat. However, the increase in elevation was positively correlated with
habitat suitability to the elevation of 2250 meters. Moreover, wild goat prefer areas far from
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cities and roads. However, after a 15-kilometer distance from the cities habitats became
preferable for wild goat. Wild goat showed a tendency to northern and slightly western slopes
(See Fig 3).
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Figure 3. Marginal response curves showing how environmental variables affected the prediction of
suitability for wild goat habitat.
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Figure 4. Distribution of suitable habitats larger than 1 km2 across the KHPA (areas and P/A ratios
of these patches are presented in Table 5)
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4., Discussion

Simply gathered field data and habitat variable layers of the study area led to a valid habitat
suitability model which successfully presented the habitat selection and distribution pattern of
wild goat across the KHPA. However, the low sample size prevented from differentiating the
habitat associations of wild goat among seasons. A more intense study may achieve this goal.
Nevertheless, considering the situation of the study area (High rate of human activities and low
conservation status of KHPA) we decided to present the results of one one-year survey of the
area. This may promote the conservation decisions regarding one of the few remaining habitats
for wild goat inside the Tehran province.

Our findings about the habitat selection of wild goat approved the dependency of wild goat
to high slopes and high elevations as suggested by several studies (e.g. Ziaei, 2008, Genov et al.
2009, Shams-Esfandabad et al, 2010, Sarhangzadeh et al, 2013). Wild goat are distributed
mostly from 1200 to 2400 m above sea level in KHPA. However, Sarhangzadeh et al. (2013)
reported 1400 to 2800 elevational range suitable for wild goat. This could be due to the colder
climate of KHPA in comparison with their study area located in arid parts of Iran. Moreover, we
suggested that variations in elevation and slope could be important predictable factors for the
habitat suitability of wild goats.

The model indicates that anthropogenic factors especially urban development have not
considerably affected the distribution of wild goat (low percent contribution and jackknife
result for distance to city variable). This may be due to the dependency of wild goat on high
slopes with high variations in elevation. These areas are potentially unsuitable for human
activities. The distribution of suitable patches indicates a high conservation value of KHPA as it
nearly attaches to the two neighboring reserves (Jajrood Protected Area and Kaveh Hunting
Prohibited Area: see Fig 1 and Table 1) which are reported to be inhabited by a wild goat.
However, further discussion about the role of KHPA as a corridor should be based on the
analysis of suitable habitat contributions across these two neighboring areas. Moreover, there is
no study conducted about the estimation of the home range size of wild goat in Iran.
Understanding the home range size could be useful in the proper assessment of suitable patch
capability in sustaining current and or potential populations of wild goat in KHPA. Finally,
considering the high rate of urban development in Tehran province and consequently inside
and around the study area, we suggest that at least, suitable habitat patches extended from east
to west of KHPA should be considered to achieve a higher rate of conservation in decisions
made by Department of Environment about the future of this area.

Acknowledgments

This research project was funded by Islamic Azad University, Damavand Branch. We also
appreciate the Iran Department of Environment particularly the Tehran provincial office, for
providing logistical support for this study. We thank the game guards of Kouh-Sefid Hunting
Prohibited Area, for their assistance in the field.

References

Baldwin, R. A. (2009). Use of maximum entropy modeling in wildlife research. Entropy 11:854-866.

s



Shams-Esfandabad et al., 2021, 38-47, Article ID: bioagrica-2003312112246

Cassinello, J., Acevedo, P. & Hortal, J. (2006). Prospects for population expansion of the exotic aoudad (A
mmotragus lervia; Bovida) in the Iberian Peninsula; clues from habitat suitability modeling.
Diversity and Distributions 12: 666-678.

Darvishsefat, A. A. (2006). Atlas of protected areas of Iran. Tehran University Publication, 157 pp.

Geist, V. (1971). Mountain sheep: a study in behavior and evolution. Univ. Chicago Press, Chicago, Ill. 383
pp-

Genov, P. Gerogiev, G. & Georgiev, V. (2009). Persian wild goat (Capra aegagrus Erxleben) Biology,
Ecology and possibilities for its reintroduction in Bulgaria. Biotechnol, Special edition/Online.
Guisan, A. & Zimmermann, N. E. (2000). Predictive habitat distribution models in ecology. Ecological

Modelling 135:147-186.

IUCN. (2013): IUCN Red List of Threatened Species (ver.2013). A vailable at: http://www. iucnredlist.org.

Jarnevich, C.S. & Reynolds, L. V. (2011). Challenges of predicting the potential distribution of a slow-
spreading invader: a habitat suitability map for an invasive riparian tree. Biological Invasions
13:153-163.

Jimenez-V alverde, A. & Lobo, .M. (2007). Threshold criteria for conversion of probability of species
presence to either-or presence-absence .Acta Oecologica. 31:361- 369.

Legendre, P. (1993). Spatial autocorrelation: trouble or new paradigm? Ecology 74: 1659-1673.

Liu, C. W hite, M. & Newell, G. (2009): Measuring the accuracy of species distribution models: a review.
18th W orld IMA CS/MODSIM Congress, Carins, A ustralia.

Marino, J. Bennett, M. Cossios, D. Iriarte, A. Lucherini, M. & Pliscoff, P. (2011). Bioclimatic constraints to
Andean cat Distribution: a modelling application for rare species. Diversity and distribution
17:311-322.

Moradi, A. S., Ahmadi, A., Toranjzar, H. & Shams-Esfandabad, B. (2022). Modeling the habitat suitability of
Persian leopard (Panthera pardus saxicolor) in the conservation areas of Kohkiloye-and-Boyer-
Ahmad, Iran. Ecopersia, 10 (2), 109-119.

Phillips, S. J. Anderson, R. P. & Schapire, R. E. (2006). Maximum entropy modeling of species geographic
distributions. Ecological modelling. 190: 231-259.

Rodriguez-Soto, C. Monroy-V ilchis, O. Maiorano, L. Boitani, L. Faller, ]J.C. Briones, M.A . Nunez, R. Rosas-
Rosas, 0. Ceballos, G. & Falcucci, A. (2011). Predicting potential distribution of the jaguar (Panthera
onca) in Mexico: identification of priority areas for conservation. Diversity and distributions 17:
350-361.

Sarhangzadeh, ]., Yavari, A. R, Hemami, M. R, Jafari, H. R. & Shams-Esfandabad B. (2013). Habitat
suitability modeling for wild goat (Capra aegagrus) in a mountainous arid area, central Iran
Caspian Journal of Environmental Science. 11: 41-51.

Shams-Esfandabad, B., Karami, M., Hemami, M. R,, Riazei, B., & Sadough, M. B. (2010). Habitat associations
of wild goat in central Iran: implications for conservation. European journal of wildlife research 56:
883-894.

Tole, L. (2006), choosing reserve sites probabilistically: a Colombian Amazon case study. Ecological
Modelling. 194: 344-356.

Turner, M.G., Gardner, R. H. & O'Neill, R. V. (2001). Landscape ecology in theory and practice, Springer-
Verlag, New York, 401pp.

Weinberg, P., Jadeidi, T., Masseti, M., Nader, 1., de Smet, K., & Cuzin, F. (2008). Capra aegagrus. In: IUCN
2008. Red List of Threatened Species. http://www.iucnredlist.org/.

Ziaie, H. (2008): A field guide to mammals of Iran, 2nd ed. Iran Wildlife Center Publication, 290 pp.

s


http://www/
https://scholar.google.com/citations?user=h-NhEjQAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=7FW3K2MAAAAJ&hl=en&oi=sra
http://ecopersia.modares.ac.ir/article-24-56237-en.html
http://ecopersia.modares.ac.ir/article-24-56237-en.html
http://ecopersia.modares.ac.ir/article-24-56237-en.html
http://www.iucnredlist.org/

