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a b s t r a c t

Mammalian species inhabiting arid landscapes exhibit various levels of mobility in order to cope with
unpredictable spatiotemporal dispersion of resources. However, the space use and ranging behavior of
many species in drylands is poorly understood, especially for large carnivores in Asia. Accommodating
the long-distance movements of mammalian carnivores is a major challenge in conservation, particularly
for threatened and highly mobile species. The Asiatic cheetah Acinonyx jubatus venaticus, a critically
endangered subspecies found only in arid areas of Iran, exhibits high levels of mobility. In the absence of
satellite collars, this paper outlines ranging patterns of the majority of the Asiatic cheetah’s known
population. A total of 17 independent cheetahs (11 males; 6 females) were detected with camera traps
that were deployed on eight reserves between January 2011 and May 2016. The animals displayed
extensive movements (up to 217 km between furthest known locations) and at least nine adult cheetahs
were known to move between multiple reserves in central Iran. This mobility may follow a “nomadic”
ranging pattern, a non-sedentary behavior with irregular timing and movement directions. The ranging
behavior documented here must be considered when designing monitoring efforts to determine pop-
ulation and occupancy trends for this wide-ranging elusive carnivore. Although preliminary, our results
show that improving protection beyond the current network of cheetah reserves, particularly along
corridors, should be a top priority to safeguard the persistence of the Asiatic cheetah.

© 2016 Published by Elsevier Ltd.
Many mammals in dryland ecosystems show different types of
long-range movement patterns (Harris et al., 2009). Various levels
of mobility are associated with accessibility of unpredictable and
spatially heterogeneous resources across landscapes (Durant et al.,
2014). Long-distance movements of wildlife are important biolog-
ical phenomena and their integration into conservation measures
remains a major challenge (Kaczensky et al., 2011). Therefore,
illuminating the underlying factors that shape various movement
patterns is critical, particularly in case of endangered mobile
species.
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Central to efficient use of dryland resources, mobility is inevi-
table for desert dwelling wildlife (Durant et al., 2014). Presently,
scientific knowledge about mammal migrations in Asia’s arid eco-
systems is limited largely to herbivores (Harris et al., 2009;
Kaczensky et al., 2011). These species typically migrate long dis-
tances in the arid and semi-arid rangelands of central Asia to cope
with the changing productivity and precipitation of their unpre-
dictable environments (Olson et al., 2009; Singh et al., 2010). In
contrast, our knowledge about the mobility of carnivores in Asian
drylands is very limited. Grey wolves Canis lupus are reported to
patrol large areas in Mongolian deserts (Kaczensky et al., 2008) and
Asiatic cheetahs Acinonyx jubatus venaticus move exceptionally
long distances in central Iran (Farhadinia et al., 2013). This may be
due to the arid, resource-poor Iranian environments that require
cheetahs to move long distances to fulfill their resource needs.

Ignoring extensive movements of highly mobile endangered
species could result in misinterpretation of species’ range changes.
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Researchers caution that total geographic range estimates (i.e.
pooling observations over time) do not adequately reflect the more
localized, highly concentrated occurrence of nomadic species at any
particular point in time and may, therefore, exaggerate true
occurrence (Teitelbaum et al., 2015). Thus, without adequate in-
formation on discrete spatial patterns, conservation efforts
involving terrestrial migrations in fragile dryland ecosystems may
easily be misguided and jeopardized.

With a population of fewer than 70 individuals left in Iran
(Farhadinia, 2004), the Asiatic cheetah is critically endangered,
prompting intensive conservation efforts in the country since 2001
(Hunter et al., 2007). However, their spatial ecology remains poorly
understood. Home range sizes of cheetahs have shown large vari-
ation (see Houser et al., 2009 for more details), influenced by
several factors, such as avoidance of other predators (Durant,
2000), following migratory prey species (Caro, 1994), low rainfall
(Marker et al., 2008a) and human disturbance (Houser et al., 2009).

Asiatic cheetahs are known to roam large areas (Farhadinia et al.,
2013) and occur at extremely low density (Hunter et al., 2007), both
creating considerable challenges for research and monitoring. In
the present paper we collated a photographic dataset of cheetahs
detected in Iran to outline their spatial behavior. These data will
Fig. 1. Ranging patterns of identified cheetahs in central Iran. Each MCP code refers to the re
Miandasht, 2) Khosh Yeilaq, 3) Touran, 4) Dorouneh, 5) Kavir, 6) Abbas Abad, 7) Siahkouh, 80
Darband.
add to our understanding from a previous case report (Farhadinia
et al., 2013) with additional information collected across the ma-
jority of the cheetah’s confirmed range in Iran. While our data are
sparse, it enhances our understanding of one of the rarest carnivore
subspecies in the world. One aimwas that our work may serve as a
stimulus for future studies focusing on highmobility of endangered
large carnivores in fragile drylands with highly heterogeneous
resources.

Our study was conducted at 12 different cheetah reserves in the
eastern half of Iran (Fig. 1 and Table 1). These landscapes are
characterized by a mixture of arid plains, hilly terrain and undu-
latingmountains. Vegetation predominantly comprises wormwood
Artemisia sieberi and bean caper Zygophyllum sp. Persian ibex Capra
aegagrus and wild sheep Ovis orientalis are the mainwild ungulates
whilst small numbers of chinkara Gazella bennettii and goitered
gazelle Gazella subgutturosa also occur (Ziaie, 2008).

In order to monitor cheetahs, motion-triggered camera traps
were deployed between January 2011 and May 2016. In total, 11
reserves with confirmed cheetah presence were selected to carry
out camera trapping surveys. Eight reserves hosted systematic
surveys, i.e. with an approximate average of 20 (ranging 10e43;
Table 1) cameras that were strategically deployed for a period of
levant cheetah ID in Table 2. Numbers in the map represent cheetah reserves in Iran: 1)
Dareh Anjir, 9) Kamki Bahabad, 10) Ariz, 11) Bafq, 12) Kalmand, 13) Naybandan, and 14)



Table 1
Details of the cheetah photographic surveys conducted in Iran between 2011 and 2016.

Reserve name Systematic camera trapping survey Opportunistic camera trapping survey Surveyed area (MCP of camera traps in km2)

No. of surveys No. of camera stations No. of camera stations Systematic camera trapping survey

Miandasht 4 38 to 43 6 550
Dorouneh 0 0 0 NA
Khosh Yeilaq 0 0 4 NA
Bafq 1 42 6 600
Dareh Anjir 2 26 4 325
Ariz 1 10 3 350
Siahkouh 1 23 2 300
Abbas Abad 1 35 5 940
Kamki Bahabad 0 0 2 0
Naybandan 2 48 4 450
Darband 1 22 0 760
Kavir 0 0 6 0
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three months, so at least one camera trap was present within two
grids of 5*5 km. The grid size corresponded to the smallest home
ranges calculated for cheetahs in Africa (Houser et al., 2009).
Additionally, during non-systematic survey periods, all investigated
sites received fewer than five camera traps to place them at
promising locations where cheetahs were known to visit regularly
based on their tracks or previous survey efforts. These so-called
opportunistic surveys were not continuous due to constraints in
the number of camera traps available.

Multiple brands were deployed, including CamTrak (CamTrak
South Inc., Watkinsville, Georgia, USA), PantheraCam (New York,
NY 10018, USA) and Cuddeback Capture (Green Bay, WI, USA)
models. During cold months, cameras were positioned along dry
watercourses or sign posts, where cheetahs regularly visit for scent
marking. In contrast, water sources were prioritized for setting
camera traps during hot months. At one reserve, Dorouneh, we did
not deploy camera traps, but photos taken by local rangers (always
with a GPS point) enabled us to detect a single cheetah in multiple
localities.

We compiled a photographic database containing all cheetah
images taken by the camera traps or by photographers. We iden-
tified individuals by their unique spot patterns. For each cheetah,
Table 2
Movement data of individual cheetahs in Iran (2011e2016).

No Cheetah
ID

Sex Site first
detected

Maximum inter-reserve
movement (km)

Maximum intra-reserve
movement (km)

Period
movem

1 M8 M Dareh
Anjir

NA 41 10

2 M5 M Dareh
Anjir

217 38 45

3 M4 M Dareh
Anjir

217 38 45

4 M3 M Dareh
Anjir

217 38 45

5 F2 F Dareh
Anjir

150 47 33

6 M6 M Ariz 74 12.5 3
7 F7 F Ariz NA 8.6 2
8 M19 M Kavir NA 62 42
9 M18 M Miandasht NA 24.3 44
10 M16 M Miandasht 73 14.9 42
11 F14 F Miandasht 78 27.5 54
12 F15 F Miandasht NA 14.9 45
13 F17 F Miandasht NA 14.9 31
14 M12 M Naybandan NA 14 45
15 M13 M Naybandan 190 20 45
16 M9 M Naybandan NA 25 34
17 NA F Dorouneh NA 8.6 3
occurrence data were plotted using ArcMap software ver. 9.3 (ESRI,
Redlands, CA, USA) and we calculated the 100% minimum convex
polygon (MCP) encompassing all detections. We also calculated the
maximum straight-line distance between any two detections for
each individual.

Between 2011 and 2016, we identified a total of 22 cheetahs by
means of photographs, most of which (95.5%; n ¼ 21) were
detected through camera trap records. We excluded all dependent
cubs and used 17 adults for our analysis (Table 2), including 11
males and 6 females. On average, males were detected over longer
time periods than females (36.4 ± SE 4.4 versus 28.2 ± SE 8.0
months; Table 2).

The mean MCP for all cheetahs measured 2105.3 ± SE 778.6 km2

(Male: 2474.7 ± 1005.2 km2; Female: 1089.6 ± SE 728.8 km2). This
was likely an effect of camera trap placement at known scent
marking locations which are visited more regularly by males
(Marker et al., 2008b; Marnewick et al., 2008). Almost half of
monitored cheetahs (i.e. nine individuals; 7 M and 2 F) were
detected in multiple reserves (Table 2). Of these individuals, 5 (all
males) were detected at sites �150 km apart, with a maximum
distance of 217 km, visiting between two and five different reserves
(Fig. 1 and Table 2).
of
ent

MCP
(km2)

No. of
reserves
visited

No. of stations with
positive detection

First
detection

Last
detection

No. of
detections

91 3 4 Nov-14 Sep-15 17

9585 5 20 Dec-11 Sep-15 58

6826 4 22 Dec-11 Sep-15 57

6826 4 21 Dec-11 Sep-15 57

3585 2 10 Jun-09 Mar-12 10

806 3 9 Dec-11 Mar-12 19
NA 1 2 Jan-12 Mar-12 3
480 1 6 Mar-11 Sep-14 23
129.4 1 12 Jul-12 Mar-16 25
419 2 7 Aug-12 Feb-16 12
616.8 2 8 Nov-11 May-16 19
118.6 1 6 Aug-12 May-16 15
38 1 5 Aug-12 Mar-15 11
31 1 5 Dec-11 Sep-15 4

1858 2 3 Dec-11 Sep-15 6
170 1 17 Nov-12 Sep-15 26
NA 1 2 Jun-12 Sep-12 2
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Asiatic cheetahs exhibited high spatial mobility across the arid
landscapes of eastern and central Iran. Roads through and/or be-
tween these landscapes apparently does not deter movement by
cheetahs, although road accidents represent a major source of
mortality for the species (Farhadinia et al., in press). Almost one
third of all individuals showed inter-reserve movements, resulting
in some of the longest distances ever recorded for the species (also
see McVittie, 1979). In Ahaggar Cultural Park, Algeria, the mean
maximum distance traveled by two male cheetahs based on
camera-trapping data was nearly 45 km (Belbachir et al., 2015)
while the farthest inter-observation distances of >150 km were
previously only published for male cheetahs living in another semi-
arid desert landscape, the Namibian farmland (see McVittie, 1979).
With the exception of Namibia’s semi-arid farmlands where
cheetah ranges can measure between 1344 and 2863 km2 (Marker
et al., 2008b; Wachter et al., 2006), most spatial ecology studies in
sub-Saharan Africa yielded comparatively smaller cheetah ranges
(see Houser et al., 2009 for more details) than recorded here. In
contrast, Belbachir et al. (2015) calculated a maximum home range
of 1337 km2 based on 100% MCP estimation of camera trap de-
tections in the arid areas of the Sahara desert.

We acknowledge that home range estimation by means of
camera trap records underestimates true range sizes significantly
when compared with estimates derived from radio telemetry (Gil-
S�anchez et al., 2011). Accordingly, our data should be regarded as a
minimum estimate of the potential distances moved and range
sizes occupied by Asiatic cheetahs. Cheetahs almost certainly
ranged beyond our survey footprint, highlighting the need for
expanding the scale of both monitoring and conservation efforts in
Iran.

We do not yet understand enough about the factors that influ-
ence the cheetah’s wide ranging behavior in Iran. Low habitat
productivity can be an important determinant because most of the
cheetah’s range in Iran receives <150 mm annual precipitation
(Modarres and da Silva, 2007), resulting in heterogeneous arid
landscapes with considerable spatiotemporal variation in prey
availability. Regardless of the cause, the present data provide little
evidence for predictability in cheetah movement patterns, sug-
gesting that Asiatic cheetahs may move nomadically. Nomadism is
a non-sedentary behavior which does not necessarily entail a re-
turn journey and involves irregular timing and movement di-
rections (Roshier and Reid, 2003). Unlike stable sedentary ranges
and migration, nomadism lacks inter-year predictability and can
vary among individuals among years (Mueller and Fagan, 2008).

Asiatic cheetahs have slightly lower genetic variation than most
African populations, thought to be the result of ancestral popula-
tion divergence or a recent bottleneck (Charruau et al., 2011). Their
current nomadic movements might act to limit the further loss of
heterogeneity by fostering high gene flow, as has been shown for
Namibian cheetahs (Marker et al., 2008a). Consequently, main-
taining the ability of individuals to travel large distances is essential
if further genetic erosion of this tiny population is to be avoided. As
for other cheetah subspecies occurring at very low density
(Belbachir et al., 2015), understanding the Asiatic cheetah’s spatial
ecology will be essential to develop and implement effective
monitoring strategies. For example, repeat sightings of the same
individual (by different untrained observers) throughout its large
resident home range can cause inflated local cheetah population
estimates (Marker et al., 2008a). Furthermore, conceptualization of
geographic range size for a nomadic species could lead to the
erroneous conclusion that it is safe from extinction (Teitelbaum
et al., 2015). Accordingly, further exploring the different aspects
of landscape use by cheetahs is crucial to improvemanagement and
conservation of the species in Iran’s drylands.

Expanding upon earlier research (Farhadinia et al., 2013), this
paper highlights the Asiatic cheetah’s extremely high mobility. Our
results emphasize the importance of continuous monitoring of this
critically endangered predator at national scale in order to under-
stand the spatial implications for its effective conservation as well
as its status. Beyond discrete spatial patterns, the low number of
Asiatic cheetahs that were detected constitutes a major concern,
highlighting the importance of effective protection throughout the
species’ entire remaining range.
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