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Abstract
Iran is one of the driest countries in the world and shortage of water is one of the main concerns for wildlife conservation in this
country. We have studied eight mammal species at Bafgh protected area at the center of Iran. We have investigated the physic-
chemical parameters (salinity, chlorine, bicarbonate, carbonate, calcium, sodium, potassium, magnesium, total dissolved solids,
dissolved oxygen, water temperature, electrical conductivity, and pH) and geo-ecological characteristics (altitude, slope, distance
of settlements in rural area, distance of road, distance of stream, distance of protection station, distance of mine, distance of
human-made construction, percent coverage of Phragmites australis, percent coverage of Pistacia atlantica, percent coverage of
Peganum harmala, percent coverage of Punica granatum) of water bodies and their relationships with big mammals’ visiting
frequencies from these water bodies. We have developed species–environment relationships using a backward-selected logistic
regression. A separate model has been developed for each species, because we expected that different species may respond
differently to environmental parameters. Our results showed that slope, elevation, and distance of settlement, road, protection
station, mine, and human-made construction are the most important variables in the selection of water sources for the studied
species. Our results also indicated that natural water resources in summer had the highest importance for Panthera pardus, Ovis
orientalis, Vulpes vulpes, Felis silvestris, and Capra aegagrus, while during the season the artificial water resource showed the
highest priority for Caracal caracal,Gazella bennettii, and Canis aureus. Therefore, it is suggested that protected area managers
pay more attention to natural water bodies to be sure that wildlife does not face water shortage in critical seasons.
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Species-environment relationships

Introduction

Surface water and renewable and nonrenewable groundwa-
ter is a critical resource for wildlife’s water management in
arid regions (Morgart et al. 2005; Shields et al. 2012;

Kluever 2015; Kluever et al. 2017; Tanner et al. 2017).
Virtually any change in abundance and distribution of water
can affect wildlife populations negatively mostly because of
the possible conflict between the needs of humans and wild-
life for water sources. For example, quality of water sources
in Kolah Ghazi National Park, Iran, declined as a local issue
of industrial and agricultural activities (Rouhani et al.
2005). Provision of water sources is assumed to be benefi-
cial to wildlife populations and influence animal move-
ments and distributions particularly during dry seasons
(Rosenstock et al. 1999; Longshore et al. 2009; Simpson
et al. 2011; Larsen et al. 2012; Shields et al. 2012).
However, the possible interaction between water sources
selection with selection of other resources on the landscape
is unclear. To predict the possible side effects of change in
the water availability on the surrounding ecosystem, it is
necessary to understand the importance of individual habi-
tat components relative to water resources (Barboza et al.
2008; Bleich et al. 2010).
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Moreover, the habitat selection of individual animals de-
pends on ecological factors (e.g., temperature, moisture con-
tent of forage, or availability of seasonal water sources), bio-
logical factors (e.g., predation and competition), and kind of
species (Resetarits et al. 2005; McKee et al. 2015; Suárez-
Castro et al. 2018). Considering spatial and temporal variabil-
ity in the habitat selection, the resource selection function
(RSF) can be an appropriate approach to model this variation
(Manly et al. 2002; Aarts et al. 2008; van Beest et al. 2014).
Such as many species distribution models, RSF is also based
on spatial point processes and is sensitive to the size and
spatial extent of the availability samples (Fortin et al. 2008;
Mobæk et al. 2009; McLoughlin et al. 2010; van Beest et al.
2010; Northrup et al. 2013). In the present study, we are inter-
ested to understand howwater resources are found bywildlife.
This information will help us find out the proper locations to
install handmade water resource inside the national parks and
protected areas. The upside and downside of water resource
development was unknown for decades. Based on Sanchez
and Haderlie (1990) and Broyles (1995) water supplies could
adversely affect wildlife populations and habitats because of
increased disease transmission. In the other hands, the efficacy
of water catchments for desert bighorn sheep has been chal-
lenged by Broyles and Cutler (1999).

Water resource is a limiting factor in the desert and it could
be an important factor to define the distribution and productiv-
ity of many wildlife species (Rosenstock et al. 1999; Krausman
et al. 2006; Rich et al. 2019). The concerns about shortage of
water in these areas have become more because of the recent
drought crisis. Therefore, water development can have a sub-
stantial effect on wildlife (Krausman et al. 2006). Iran is one of
the dry countries in the world. Two-thirds of the country re-
ceives less than 250 mm of rainfall and arid or semiarid areas
cover almost 90% of the country (Chavoshian et al. 2005;
Boustani 2008). Therefore, one of the main concerns for wild-
life conservation in particular in the central parts of Iran is
shortage of water (Abbaspour and Sabetraftar 2005). In the
present study, we investigated the physic-chemical parameters
(salinity, chlorine, bicarbonate, carbonate, calcium, sodium, po-
tassium, magnesium, total dissolved solids, dissolved oxygen,
water temperature, electrical conductivity, and pH) and geo-
ecological characteristics (altitude, slope, distance of settle-
ments in rural area, distance of road, distance of stream, dis-
tance of protection station, distance of mine, distance of human-
made construction, percent coverage of Phragmites australis,
percent coverage of Pistacia atlantica, percent coverage of
Peganum harmala, percent coverage of Punica granatum) of
water bodies and their relationships with big mammals’ visiting
frequencies from these water bodies at Bafgh protected area,
center of Iran. We aimed to develop a robust statistical frame-
work to evaluate the available water resources in protected area
especially during dry season. Such an evaluation will help plan-
ners to develop water resource in future.

Material and methods

Study area and species

Bafgh Protected Area is located at 55° 35′ 30″ E latitude and
31° 30′ 30″N longitude in the center of Iran and covers an area
of 88,528 ha. This area has been assigned as the protected area
in 1996 in order to conserve wildlife population and to prevent
rangeland degradation. Bafgh has been categorized as extra-
arid and arid climate region with mean annual precipitation of
70 mm and mean annual temperature of 16 °C. Springs, wells,
air pumps, and small dams at high altitudes are the only water
supplies of the region. One of the biggest threats for the area is
mining in the neighborhood. The most important active mine
is called Choghart which is located in the northwest of the
study area. In total, 29 water sources including 15 natural,
10 modified by humans, and 4 artificial are located inside
the protected area (Fig. 1). These are the main water bodies
for wildlife in the protected area based on the current and
historical maps and field work data (Table 1). Natural water
sources derived from an underground formation from which
water flows naturally to the surface of the earth. The natural
water resources can also be changed where flow have been
formed or modified for human activities such as navigation,
drainage, and water storage as modified by humans and arti-
ficial water sources. We have studied eight large mammal
species in the protected area. These included Ovis orientalis
and Capra aegagrus as vulnerable, Panthera pardus as en-
dangered, and Vulpes vulpes, Canis aureus, and Felis
silvestris as least concern on global red list (IUCN, 2018),
and Gazella bennettii and Caracal caracal as endangered on
national red list (Karami et al. 2015).

Water source use

In winter and summer 2016, passive infra-red (PIR) cameras
were installed (The Digital 3.2, Camtrakker Inc., Watkinsville,
Georgia; Pixcontroller, universal controller board Sony DSC
P-32 camera, Export, Pennsylvania; or PC900, Reconyx Inc.,
Holmen, Wisconsin) at known water sources with 3–4-m dis-
tance from water (Shields et al. 2012). All cameras had a test
function and have been tested before use. The cameras have
been located in a flat area without any barrier that blocked the
view. In water resources with limited access, the cameras have
been attached to the trees with a southerly direction. It helps to
minimize false triggers from sun glare and reflection, especial-
ly in the dry season (Gillespie et al. 2015). These PIR cameras
required both heat and motion to be activated. The cameras
were set to detect any motion at 30-cm height above the water
source surface. Moreover, we have visited each camera every
10–15 days throughout the sampling period to replace batte-
ries and memory cards and to ensure that cameras were func-
tioning properly. The sampling period was from 20 July until
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20 August, and from 20 January until 20 February. We select-
ed these period because water supply is minimal during sum-
mer and maximum during winter.

We used two different approaches to identify each individ-
ual mammal to measure the density of mammal species

visiting the water sources. Firstly, we focused on morpholog-
ical characteristic, following the protocols described by
Ghoddousi et al. (2008), Singh (2008), Gupta et al. (2009)
and Anile et al. (2012). Some examples of these characters
are number, shape, dimension, and position of stripes, bands,

Fig. 1 Bafgh protected area and the water sources with view of digital elevation model
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and spots on the body, color pattern, and size for Panthera
pardus, Vulpes vulpes, Canis aureus, Felis silvestris, Gazella
bennettii, and Caracal caracal, and horn shape and horn size
for Ovis orientalis and Capra aegagrus. Secondly, we got
help from online platforms such as Online Citizen Science
websites e.g., eMammal (McShea et al. 2016), iSpot
(Silvertown et al. 2015), and BeeWatch (van der Wal et al.
2016) in order to access millions of volunteers and scientist to
supply guidelines, additional information, classification data,
and annotation tools to identify individual animals in camera
trap images.

Physic-chemical analyses of water sources

Sampling of physic-chemical parameters was carried out ev-
ery day from 1August until 10August in summer and from 30
January until 10 February in winter 2016 at 29 water bodies.
Samples were collected at 30 cm below the surface water

using a water sampler and acid washed container to avoid
any unpredicted changes. The sampler was an openwater grab
sampler (a bottle of 3 L). The samples of water were immedi-
ately transported to a laboratory under low-temperature con-
ditions in ice boxes and stored in the laboratory at 4 °C. The
physic-chemical variables (Table 2) were analyzed in the lab-
oratory according to APHA’s (2012) methods, and total dis-
solved solids, dissolved oxygen, temperature, electrical con-
ductivity, pH, and salinity were detected in situ.

Determining geo-ecological characteristics of water
sources

Geo-ecological variables that have been incorporated in our
study were topographic, land cover/land use characteristics,
and vegetation variables (Table 2). Topographic variables
have been obtained from a digital elevation model (DEM) that
was generated by the national cartographic center of Iran
(NCC) at 1:25000 scale. Land use/land cover variables were
obtained from the Iranian Department of Environment at
1:25000 scale. We used distance analysis (IDRISI Selva) on
the Boolean version of each variable to see if water resource
selection changes with distance from them. Vegetation vari-
ables have been obtained from field work. Each water re-
source has been covered with a 3 × 3-m sampling plot to sur-
vey vegetation cover. Within each plot, plant species were
identified and relative percentage coverage was estimated to
the nearest 5% with the grid.

Statistical analyses

We have used a one-way ANOVA and Duncan test to see if
the environmental parameter (chemical and geo-ecological)
are significantly different between water resources. The
multi-collinearity test has been performed among the environ-
mental variables to prevent the possible bias in the results
(Pandit et al. 2013). We developed species–environment rela-
tionships (SERs) using a backward-selected logistic regres-
sion (p value 0.05) and density of mammal species visiting
the water sources (Lynn et al. 2008). We have developed a
separate model for each species, because we expected that
species may respond to their environment differently. The
relative support for logistic regression models has been
assessed on the basis of corrected Akaike’s information crite-
rion (AICc) (Akaikei 1973; Wang et al. 2005; Michaletz et al.
2018). Models withΔAICc < 2 are equally plausible given the
data and suggesting substantial support. The relative likeli-
hood of models to the best-supported model has been com-
pared using the ratio of model weights (wi) (Burnham and
Anderson 2002).

All statistical analyses were performed in the R statistical
software version 3.2.4 by MASS and car package (R Core
Team 2016).

Table 1 Water sources in Bafgh protected area

Water source Lat/long Type

1) Baraf 367269/3511123 Modified by human

2) Koh Bafgh 368025/3505213 Modified by human

3) Mogerd 375322/3499090 Natural

4) Sarto 373157/3500446 Human- made

5) Talkhab 367017/3513850 Modified by human

6) Borono 361600/3509652 Modified by human

7) Abmorghon 362252/3509100 Natural

8) Neizaro 364208/3505008 Natural

9)Padkeston 365094/3503628 Modified by human

10) Darbe-siron 376449/3496400 Modified by human

11) Salmano 379635/3496113 Modified by human

12) Mako 382634/3495384 Natural

13) Darbe-goshi 383864/3482526 Natural

14) Sange-ghasab 391005/3470717 Natural

15) Khone-gaz 379829/3503132 Modified by human

16) Dehko-bala 390336/3476481 Natural

17) Dehko-paein 390555/3476387 Natural

18) Cheshmeh Akhond 393651/3479975 Modified by human

19) Orsestan 383547/3492772 Human-made

20) Shalgham-dareh 380799/3490551 Natural

21) Abe-kodivo 380313/3491077 Natural

22) Khari 376618/3492004 Natural

23) Korniu 376303/3502683 Natural

24) Bishe-ghatrom 386612/3477163 Natural

25) Shadkam 387643/3483045 Natural

26) Darbe-peston 381462/3486928 Modified by human

27) Dareh-porz 383410 3489039 Natural

28) Mashmasho 369747/3499668 Human-made

29) Gosh-gorg 386095/3489509 Human-made
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Results

Water source use

Weobtained about 3000 photographs of camera traps at 29 water
bodies over the 60 days. The list of captured species and number
of individuals has been presented in. Our obtained results showed
thatMogerd water resource had the most visits during winter and
Mashmasho and Mogerd had the most visits during summer in
terms of the number of species and individuals. The water bodies
Cheshmeh Akhond and Salmano have only been visited byOvis
orientalis during both winter and summer.

Environmental variable

Water temperature followed a typical seasonal trend, with a
minimum of 13.5 °C in winter and a maximum of 26.9 °C in
summer. pH showed a range between 7.8 and 8.0. The max-
imum concentration of Do was recorded in winter
(6.6 mg L−1). The total dissolved solids, electrical conductiv-
ity, magnesium, carbonate, bicarbonate, chlorine, and salinity
values showed a decreased trend fromwinter to summer while
potassium, sodium, and calcium had higher values during the
summer. The amount of carbonate, potassium, and sodium
highly changed during study period. The results of one-way
ANOVA have been presented in Table 2. All geo-ecological
variables had a significant difference among types of water
sources while the physic-chemical variables showed none sig-
nificant difference among water sources. There no differences
between the geo-ecological variables between the different
seasons and they are the same in winter and summer. The
results of Duncan’s test showed that the natural water re-
sources and water resources that were modified by humans
were located in one group and artificial water resource was
located in a separate group.

Logistic regression model

Out of 25 environmental variables, we remove physich-
chemical ones from the regression analysis since they did
not show any significant difference with each other.
Therefore, we used 12 geo-ecological variables in the regres-
sion analysis. Our results showed that the correlation among
these 12 variables is very low.

The results of logistic regression are presented in Table 3.
The best model has been selected by AICc. Distance from
human-made constructions was the most important environ-
mental variable for water source selection by P. pardus, F.
silvestris, G. bennettii, and C. aegagrus. The distance of set-
tlements in rural area was the most important environmental
variable for C. caracal, C. aureus, and O. orientalis. In con-
trast, distance from stream and occurrence of P. australis had
no contributions to the model development of all species

(Table 3). Some variables showed importance only for some
specific species. For example, altitude was not important for
water source selection by C. caracal, C. aureus, and V. vulpes
while the same variables played a more important role for
other species. The results also showed that the positive or
negative effects of the variables are the same among different
species. The obtained results showed that the studied species
preferred water sources near mines, located in low-altitude
plains, and with few vegetation cover. However, our model
suggested that these species tended to avoid water sources
near the road, settlements, protection station, and human-
made construction.

Discussion

The water bodies provided by human may help reduce the
current conflict between the needs of humans and wildlife for
water (Simpson et al. 2011; Larsen et al. 2012). Getting more
knowledge about the conditions of water sources that are used
by wildlife will help to develop strategies to conserve and man-
age species that rely on this resource (Whiting et al. 2010;
Shields et al. 2012). Our results indicated that large mammal
species visited water sources with multiple frequencies. Despite
the population size, our results showed that the dependence of
herbivores to water resource is higher than carnivores (Fig. 2).
In general, water requirements are highest for herbivores, inter-
mediate for omnivores, and lowest for carnivores (Wolff 2001).
Carnivores are less affected by water shortage because they
acquire much of their water from prey (MacDonald et al.
1984; Golightly Jr and Ohmart 1984; Wolff 2001). However,
when water becomes scarcer the prey number declined.
Therefore the ambushing near water sources increase, where
prey is known to frequently visit (Calvert 2015).

Slope and elevation were important predictors for number
of water source visits that is in line with previous studies (Cain
et al. 2008; Calvert 2015). Results showed the importance of
topographic variables for C. aegagrus, G. bennettii, O.
orientalis, F. silvestris, and P. pardus that preferred water
sources which are located in lower elevation has a gradual
slope. Conversely, topographic variables were not important
to V. vulpes, C. aureus, and C. caracal.

The terrain condition of water bodies could be an adapta-
tion for escape from both predators and other ungulate com-
petitors (McCutchen 1981; Calvert 2015). Our results re-
vealed that the vegetation cover had a very low effect on water
selection by most species. However, Hicks and Elder 1979;
Lawhead 1984; Kamler and Gipson 2000; Calvert 2015 have
found vegetation cover as an important variable for water
bodies selection by large mammal species.

Based on Fig. 2, natural water resources in summer had the
highest importance for P. pardus, O. orientalis, V. vulpes, F.
silvestris, and C. aegagrus, while during summer season the
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artificial water resource showed the highest priority for C.
caracal, G. bennettii, and C. aureus. Therefore, it is suggested
that protected area managers pay more attention to natural water
bodies to be sure that wildlife does not face water shortage in
critical seasons. Therefore, it is crucial to consider water resource
in any conservation and management plans of wildlife habitats
(Whiting et al. 2010). Beside natural water bodies, the construc-
tion of artificial ones is important for the conservation of popu-
lations of species (Marshal et al. 2006; Whiting et al. 2010).

The results of the logistic regression for P. pardus and C.
aegagrus were very similar, but different from O. orientalis.
These results are important from two points of view: (1)
Although P. pardus feed on different deer species, gazelles,
small mammals, birds, and even insects, but the major prey
species for this species in Iran are C. aegagrus (Karami et al.
2015; Ebrahimi et al. 2017). Therefore, the distribution of wild
goats plays a major role to define the distribution range of the
species. (2) Many studies showed that P. pardus and C.
aegagrus used similar habitat types and were mostly distributed
in the rocky mountains (e.g., Ziaee 2009; Ebrahimi et al. 2017;
Farashi et al. 2017). This is in line with our obtained results.

Our study showed that the water physic-chemical pa-
rameters play no role in water source selection by mam-
mal’s species. Based on our knowledge, there is no
clear evidence that the water quality of anthropogenic
water bodies is problematic for wildlife. Several inves-
tigators have concluded that artificial water resource in
desert do not create a health threat for wildlife
(Rosenstock et al. 2004, 2005; Bleich et al. 2006;
Simpson et al. 2011). It is possible that specific water
elements do not meet the guidelines of water quality for
livestock (the guidelines are developed to allow an as-
sessment of the acceptability of water quality for live-
stock (Wolff 1988; Higgins et al. 2008; Alkire 2008;
Olkowski 2011) at artificial water developments, but
they have rarely occurred (Rosenstock et al. 2005;
Bleich et al. 2006).

Our results recommended that new catchments in Bafgh
protected area must be placed in area with low elevation and
high slopes. Moreover, they must be near a mine and far from
road, settlements, protection station, and human-made
constructions.

With respect to the dry climate of Iran and the recent
reports of wildlife death because of water shortage, cre-
ating a water network inside of the protected areas in
Iran seems to be very essential. Although we had short-
age of available data especially for C. aureus and F.
silvestris, but we tried to make a framework for a con-
servational planner to build appropriate artificial water
resource for wildlife. However, to have a better judg-
ment about each species, we need further studies with a
wider range of data (including biotic variables, abiotic
variables, and their interactions). Moreover, beside theT
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effects of other factors in determining water resource
selection, future studies should also consider niche shift
and the effects of climatic changes on species’ natural
distribution.
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