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tential causes and patterns of mortalities are vital for development of effective conservation
strategies. We investigated human-caused large carnivore mortalities across Iran using re-
ports provided by Iran’s Department of the Environment (DOE) during January 1980-January
2021, which comprised 399 mortality instances involving 443 carnivore deaths. Brown bears

EZ{JZVED rds: (Ursus arctos) had the highest frequency of occurrence (30%), followed by striped hyenas
Human (Hyaena hyaena; 24%), and Persian leopards (Panthera pardus saxicolor; 17%). Overall, mor-
Iran talities related to agricultural (i.e. livestock, or crops including plants, fruits, beehives) loss
Large carnivore occurred more frequently (31%) than mortality related to illegal trade (21%) and risk to
Mortality humans (7%). Specifically, brown bears were killed more frequently due to potential threats
Pattern to human life and crops, whereas leopards and wolves were killed more often because of

livestock depredations. Additionally, leopards were killed more frequently for illegal trade of
their skins. We recommend the DOE improve local communities’ attitudes toward large
carnivores by promoting conservation education programs and incentive compensation
schemes, as well as implement mitigation measures (e.g. wildlife crossing structures or
fencing) at road mortality hotspots to prevent unnecessary deaths of large carnivores in Iran.
© 2021 The Author(s). Published by Elsevier B.V.
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1. Introduction

Large carnivores are necessary for the maintenance of biodiversity and ecosystem function (Ripple et al., 2014), and their
conservation relies heavily on maintaining their populations within protected areas (Brashares et al., 2001). However, carni-
vores are wide-ranging and seldom confined within the boundaries of protected areas, often resulting in conflicts with people
(Ripple et al., 2014) with considerable socio-economic costs (Treves and Karanth, 2003; Thirgood et al., 2005). Consequently,
large carnivore-human conflicts have become one of the greatest threats to carnivore populations worldwide (Fuller, 1989; Noss
et al., 1996; Woodroffe and Ginsberg, 1998; McLellan et al., 1999; Woodroffe, 2001).

Carnivores conflict with humans for numerous reasons which often result in intentional or accidental killing (Bischof et al.,
2009; Swanepoel et al., 2015). Intentional killing may occur as a result of legal hunting or when people perceive carnivores as a
direct threat to human life or property (e.g. livestock and crops including plants, fruits, beehives; Treves and Karanth, 2003;
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Franket al.,, 2005; Miquelle et al., 2005; Rabinowitz, 2005; Penteriani et al., 2016; Garrote et al., 2017). For example, brown bears
(Ursus arctos) damage crops (Ambarli, 2006; Ohta et al., 2012; Hipolito et al., 2020) more frequently than predation on livestock
(Ambarli and Bilgin, 2008; Maji¢ et al., 2011). Additionally, brown bears can injure or kill humans (Garrote et al., 2017; Stgen
et al., 2018; Kudrenko et al., 2020). In contrast, leopards (Panthera pardus) and gray wolves (Canis lupus) are more frequently
responsible for livestock depredations (Behdarvand et al., 2014; Ghoddousi et al., 2020; Akrim et al., 2021), which may result in
their persecution through retaliatory killing (Ghoddousi et al., 2016, 2020).

Illegal trade of carnivores also occurs for medicinal use, clothing, and household decorations (Sillero-Zubiri and Laurenson,
2001; Loveridge et al., 2010; Mondol et al., 2015; Nijman et al., 2019). Due to large profits (about US$20 billion annually), limited
enforcement, and judicial disincentives surrounding illegal trade (Loveridge et al., 2010; Mondol et al., 2015), poaching of
carnivores has increased, particularly for spotted cats (Sillero-Zubiri and Laurenson, 2001). Consequently, commercial poaching
can increase the total mortality in carnivore populations (Creel and Rotella, 2010; Liberg et al., 2011; Creel et al., 2015), limiting
their abundance and increasing local extinction risk (Woodroffe and Ginsberg, 1998; Woodroffe et al., 2005; Balme et al., 2010;
Murray et al., 2010).

Six large carnivore species occur in Iran: Asiatic black bear (U. thibetanus), Asiatic cheetah (Acinonyx jubatus venaticus),
brown bear, gray wolf, Persian leopard (P. p. saxicolor), and striped hyena (Hyaena hyaena; Ghadirian et al., 2017; Khorozyan
et al., 2017), each of which are subject to human-caused mortality though they are not hunted species (Naderi et al., 2018;
Parchizadeh et al., 2018). Detailed information on potential causes and patterns of mortalities are needed for understanding
population dynamics of large carnivores (Thapa, 2014), which can facilitate development of effective conservation strategies
(Muntifering et al., 2006). We investigated patterns in human-caused large carnivore mortalities in Iran. We predicted that the
frequency of killing large carnivores would vary across species based on relative risk to humans and agricultural (i.e. livestock,
or crops including plants, fruits, beehives) losses, and that intentional killing of carnivores would occur more frequently than
accidental killing. Specifically, we predicted that brown bears would be killed more often due to potential threats to human
safety and damage to crops, whereas leopards and wolves would be killed more frequently because of livestock depredation. We
further predicted that leopards would be killed more often for illegal trade because of their furs’ high value. Finally, we
summarized whether mortalities were intentional or accidental and the primary means by which large carnivores were killed.
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Fig. 1. Locations of human-caused mortality of large carnivores, Iran, January 1980-January 2021.
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2. Materials and methods
2.1. Study area

Iran comprises 1,648,195 km? in southwestern Asia (25-40°N, 44-64° E), containing 31 provinces (Fig. 1). Major mountain
ranges include the Alborz and Zagros which occur across the northern and western parts of Iran, respectively (Raziei et al.,
2005). Elevations vary from 28 m below sea level to 5,610 m above sea level (Heshmati, 2007). The climate is continental with
hot, dry summers and cold winters. Mean monthly temperatures range from 6.5 °C in January to 31 °C in July
(Iran Meteorological Organization, 2021). Annual rainfall decreases from 1800 mm in the north to <100 mm in central arid
regions (Modarres and Sarhadi, 2011).

2.2. Data collection

We conducted a Farsi gray literature search for human-caused mortality of large carnivores in Iran using the Google web
search engine to access and compile all relevant material confirmed, published, and disseminated by provincial offices of Iran’s
Department of the Environment (DOE) during January 1980-January 2021. Species included black bear (equivalent Farsi words
are ol obuw w3, bl obw w3, and obuw w,3), cheetah (bl Sibjss sl Silijes, and il je.), brown bear (sl 0ggd (>
and _w3), wolf (s,iwss S S and S5), leopard (il .l Sily and i), and hyena (ol ol ,laS and ,as). We used the search terms:
“common species name” + “mortality/fatality/casualty/illegal killing/poaching (S,o/¢xi walifori awiS] 68 Lue ,1w)" for each
species. We did not include mortalities involving rabid carnivores, as their behaviors are likely atypical (Bombieri et al., 2018).
When multiple sources for a mortality were identified, we selected up to two sources that contained the greatest amount of
information. We reviewed and compared each source to prevent duplicate records in our dataset. We did not have access to
DOE's complete large carnivore mortality database.

We defined conflict between humans and large carnivores as when the needs and behavior of carnivores impact negatively
on the goals of humans, or when the goals of humans negatively impact the needs of carnivores (Madden, 2004; Krafte Holland
et al,, 2018).

We compiled several variables for each mortality when available, including species, number of large carnivores killed, and
their gender (male, female, or unknown). We categorized age classes of large carnivores as dependent young (dependent animal
that is typically with mother; <1 year old), juvenile (independent animal younger than typical reproductive/breeding age;
1-2 years old), adult (independent animal of reproductive/breeding age; 2 years old), or unknown. We classified mortalities as
intentional (i.e. illegally shot, poisoned, stoned, trapped, and herding dogs), accidental (i.e. car collision, train collision, and
management related), and unknown. We categorized primary cause of mortality as risk to human, agricultural loss, for illegal
trade, other, and unknown. We also recorded time of day (day, night, or unknown), month, and year the mortality occurred.
Finally, we estimated when possible the geographic location of each mortality (typically within 5 kilometers), plotted them
using ArcGIS 10.3 (ESRI, Redlands, CA) and summarized mortalities by province.

We used two-way y? tests to compare differences in the frequency of human-caused large carnivore mortalities by gender
and age class, type of mortality (i.e. intentional and accidental killings), primary cause of mortality, time of day, and month. We
used o of <0.05 to denote statistical significance.

3. Results

We documented 399 reported mortality instances involving 443 large carnivore deaths. Brown bears had the highest fre-
quency of reporting (30%), followed by hyenas (24%), and leopards (17%; Fig. 2a). Overall, mortalities related to agricultural loss
occurred more frequently (31%; x* =69.3, d.f. = 15, p=0.01) than mortality related to illegal trade (21%) and risk to humans (7%;
Fig. 2b). Among carnivore species, brown bears were most frequently killed because of potential threat to humans (57%) and
damage to crops (96%). In contrast, cheetahs (46%), leopards (33%), and wolves (21%) were killed due to threats to livestock
(Table S1). Leopards (42%, n=13) were poached more often because of their furs.

Intentional killing of carnivores occurred more frequently (63%; y* =63.2, d.f.=5, p=0.01; Table S1) than accidental killing.
Among intentional killing categories, shooting carnivores had the greatest occurrence (75%; n=187), whereas car collision was
the most important cause of accidental killing (95%; n=139). Specifically, brown bears and leopards experienced more losses
from shooting (42% and 23%, respectively; Fig. 2¢), whereas hyenas (47%) and cheetahs (17%) were killed more often due to car
collisions (Fig. 2d).

There was no difference between the number of females and males killed (54%; y* = 1.5, d.f.=5, p=0.92); with females
representing 52% of brown bear, 54% of leopard, and 61% of cheetah mortalities (Fig. 3a). Adult large carnivores were killed more
frequently (59%; x*> =19.6, d.f.= 10, p=0.03) than were dependent young (25%) or juveniles (16%). Fifty-three percent of brown
bears killed were adults, followed by leopards with 63% adults, and cheetahs with 59% adults (Fig. 3b).

Anthropogenic mortalities during the day occurred about 1.5-fold more often than at night (59%; x* =37.9, d.f.=5, p=0.01).
Among carnivore species, brown bears were killed more frequently during the day with 45%, whereas hyenas were killed more
often at night with 27% (Fig. 3c).
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Fig. 2. Number of human-caused mortality of large carnivores by species (a), primary cause of killing (b), intentional killing (c), and accidental killing (d), Iran,
January 1980-January 2021.
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Fig. 3. Number of human-caused mortality of large carnivores by gender (a), age class (b), time of day (c), and month (d), Iran, January 1980-January 2021.

More mortalities occurred during January than during other months (13%, n=42; y*> =104.4, d.f.=55, p=0.01; Fig. 3d).
Reported mortalities were low from 1980 to 2007, then reached a peak to 68 (17%) mortalities in 2018 (Fig. 4). Except for
Bushehr province, all other provinces of Iran (n=30) experienced human-caused large carnivore mortalities with Mazandaran
having the greatest occurrence (12%, n=48), followed by Yazd (10%, n =39), and Razavi Khorasan (9%, n=35; Table S1).
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Fig. 4. Number of human-caused mortality of large carnivores by year, Iran, January 1980-January 2021.

4. Discussion

Our predictions of patterns influencing human-caused mortality of large carnivores in Iran were largely supported. Our
results indicated that the frequency of killing large carnivores varied across species, based on relative risk to people, livestock,
and crops, and that intentional killing of carnivores occurred more often than accidental killing. We further discovered that
brown bears were killed more frequently due to potential threats to human safety and damage to crops, whereas leopards and
wolves were killed more often because of livestock depredation. We also found that leopards were killed more frequently for
illegal trade of their skins.

Brown bears were killed more frequently due to potential threats to human life and damage to crops. This pattern was
probably associated with attractants (i.e. anthropogenic food; Wilson et al., 2005, 2006) on agricultural lands resulting in
potential ecological traps (Nielsen et al., 2006; Northrup et al., 2012; Steyaert et al., 2016), due to risky encounters with people
and increased human-caused mortality. We recommend that the DOE consider working with local residents toward removing
or protecting attractants using non-lethal techniques (Wilson et al., 2005). For example, beehive depredation can be reduced
substantially through use of electric fencing and solar powered options are available (Wilson et al., 2005). Furthermore, local
people could also implement husbandry practices that limit potential interactions with bears, such as proper storage of agri-
cultural attractants. Outdoor recreationists can avoid dense vegetation or make noise to warn bears of their presence when in
bear habitats (Stgen et al., 2018).

Leopards and wolves were killed more often due to livestock depredations. Leopards and wolves commonly depredate
livestock (Farhadiniaa et al., 2017b; Khorozyan et al., 2017) which can include surplus killing that exacerbates human intol-
erance of these species (Muhly and Musiani, 2009; Khorozyan et al., 2017; Iliopoulos et al., 2019) and likely increased human-
caused mortality. Additionally, leopards are a wide-ranging large carnivore that occurs mainly outside protected areas where
the potential for conflict with humans is high (Kiabi et al., 2002; Jacobson et al., 2016). For example, agricultural lands on the
periphery of core habitats with readily accessible livestock can attract leopards and increase the probability of livestock de-
predation (Abade et al., 2018). Furthermore, we found that 42% of cheetahs in our study were killed by local herders due to
threats to livestock. There are no known records of cheetah depredation on livestock in Iran (Farhadinia et al.,, 2012, 2016),
which suggests that this pattern may have occurred due to the cheetah being perceived by people as a threat to livestock
(Farhadinia et al., 2017a) perhaps because cheetahs’ appearance resembled that of leopards.

Leopards were killed more frequently for illegal trade of their skins, likely related to economic benefits for poachers. For
example, leopard fur is used to manufacture clothing (Loveridge et al., 2010; Nijman et al., 2019), with customers paying up to
270 million Rials (~1000 USD) for a leopard skin in illegal markets inside and outside Iran (Khalaf-von Jaffa, 2017; Parchizadeh
and Adibi, 2019). Poaching of wild felid furs including leopards increased with illegal market demand (Payan and Trujillo, 2006;
Loveridge et al., 2010), which clearly resulted in increased human-caused mortality of these species. A possible solution to
discourage illegal killing of this species is to increase enforcement efforts as well as charge the fine in USD instead of Rials
because of the large difference between the value of these currencies (Parchizadeh and Adibi, 2019).

We found that mortalities occurred more often during the day, likely an outcome of the daily activity of humans (Bombieri
et al., 2018), which in turn can increase probability of human-carnivore interactions. Furthermore, high frequency of mortalities
in winter may suggest that carnivores, particularly leopards and wolves, were attempting to depredate livestock in proximity to
humans (e.g. pens inside villages; Dar et al., 2009; Kabir et al., 2014; Iliopoulos et al., 2019; Akrim et al., 2021) and killed as a
result. The increasing trend of mortalities across years was probably linked to increased use of internet by DoE for reporting
mortalities.

We documented that illegal shooting of carnivores was most often intentional. Firearms are available to the public without
serious obstacles from relevant Iranian authorities and also can be acquired illegally for 20-120 USD (Jamaran, 2018).
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Additionally, all nomadic people across Iran are permitted to carry firearms to defend themselves and their livestock and crops
from potential threats (Iranian Students’ News Agency, 2020). Consequently, a large carnivore may be shot whether the human
risk is real or perceived, which likely results in increased human-caused mortalities.

An important shortcoming of our dataset was mortalities that were not discovered (e.g. illegal kills) or not reported
(e.g. due to the lack of interest by people) which may have introduced biases to our results. Consequently, the actual number of
carnivore deaths was likely more than the number reported and documented in this study. We also note that access to DOE’s
complete large carnivore mortality database, including those not reported online, would have improved the quality of our
database. We recommend that the DOE provide access to its large carnivore mortality database for researchers to improve our
understanding of human-caused mortality.

Due to the limited accurate location data reported, we were unable to identify high-risk mortality locations which can be
critical for species conservation. For example, vehicle collisions with carnivores can contribute substantially to population
declines and accurate location data can be used to identify hotspots to mitigate this risk (Shilling and Waetjen, 2015; Sidorovich
et al., 2020). Our small sample size (n=139) and limited accurate geographic locations prevented us from identifying potential
clusters of vehicle collisions with carnivores. Having accurate location data may have helped us develop models to identify
factors increasing risk of large carnivore collisions with vehicles, including identification of hotspots (e.g. Parchizadeh et al.,
2018). We recommend identifying high-risk collision locations as a priority to reduce large carnivore mortalities.

Human-caused mortality is the main cause of death for large carnivores outside (and even inside) protected areas which can
have negative impacts on their population dynamics (Carter et al., 2017). Consequently, accurate documentation of human-
carnivore conflict patterns helps target conflict resolution, and provides a baseline for subsequent management and mitigation
measures (Morehouse and Boyce, 2017), which in turn can enhance persistence of large carnivore populations important to the
stability and integrity of ecosystems (Murray et al., 1999; Estes et al., 2011). All six large carnivores in our study are protected
species according to DOE laws and they are in need of management and conservation action plans (Sanei et al., 2012; Asadi
Aghbolaghi et al., 2014; Ashrafzadeh et al., 2016; Fahimi et al., 2018; Farhadinia et al., 2018). We recommend the Iranian DOE
consider creating and supporting long-term conservation education programs to improve the limited knowledge local people
have about large carnivores (Lagendijk and Gusset, 2008), as well as promote incentive compensation schemes to help local
communities with financial losses related to conflicts, which in turn can result in improving attitudes toward carnivores
(Ravenelle and Nyhus, 2017). Additionally, implementing mitigation measures such as construction of wildlife crossing
structures (i.e. underpasses and overpasses) or installation of fences at road mortality hotspots can further mitigate mortality
risk of large carnivores in Iran.

CRediT authorship contribution statement

Jamshid Parchizadeh: designed the work, compiled, analyzed and interpreted the data, prepared the figures, and wrote the
draft and final manuscripts. Jerrold L. Belant: designed the work, interpreted the data, and wrote final version of the
manuscript.

Declaration of Competing Interest

The authors declare that they have no known competing financial interests or personal relationships that could have ap-
peared to influence the work reported in this paper.

Acknowledgements
We thank the Camp Fire Conservation Fund for support of this research.
Appendix A. Supporting information
Supplementary data associated with this article can be found in the online version at doi:10.1016/j.gecco.2021.e01618.

References

Abade, L., Cusack, ]., Moll, RJ., Strampelli, P., Dickman, A.J., Macdonald, D.W., Montgomery, R.A., 2018. Spatial variation in leopard (Panthera pardus) site use
across a gradient of anthropogenic pressure in Tanzania’s Ruaha landscape. PLoS One 13, 0204370.

Akrim, F., Mahmood, T., Nadeem, M.S., Belant, ].L., Qasim, S., Zangi, L., Asadi, M.A., 2021. Livestock depredations by leopards in Pir Lasura National Park, Pakistan:
characteristics, control and costs. Wildl. Biol. 2021, 00782.

Ambarli, H., 2006. Spatial and temporal analysis of human-brown bear conflicts at Yusufeli (northeastern Turkey). Thesis, Middle East Technical University,
Ankara, Turkey.

Ambarli, H., Bilgin, C.C., 2008. Human-brown bear conflicts in Artvin, northeastern Turkey: encounters, damage, and attitudes. Ursus 19, 146-153.

Asadi Aghbolaghi, M., Rezaei, H.R., Scandura, M., Kaboli, M., 2014. Low gene flow between Iranian grey wolves (Canis lupus) and dogs documented using
uniparental genetic markers. Zool. Middle East 60, 95-106.

Ashrafzadeh, M.R., Kaboli, M., Naghavi, M.R., 2016. Mitochondrial DNA analysis of Iranian brown bears (Ursus arctos) reveals new phylogeographic lineage.
Mamm. Biol. 81, 1-9.

Balme, G.A., Slotow, R., Hunter, L.T.B., 2010. Edge effects and the impact of non-protected areas in carnivore conservation: leopards in the Phinda-Mkhuze
Complex, South Africa. Anim. Conserv. 13, 315-323.


https://doi.org/10.1016/j.gecco.2021.e01618
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref1
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref1
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref2
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref2
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref3
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref4
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref4
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref5
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref5
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref6
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref6

J. Parchizadeh and ].L. Belant Global Ecology and Conservation 27 (2021) e01618

Behdarvand, N., Kaboli, M., Ahmadi, M., Nourani, E., Mahini, A.S., Aghbolaghi, M.A., 2014. Spatial risk model and mitigation implications for wolf-human conflict
in a highly modified agroecosystem in western Iran. Biol. Conserv. 177, 156-164.

Bischof, R., Swenson, J.E., Yoccoz, N.G., Mysterud, A., Gimenez, O., 2009. The magnitude and selectivity of natural and multiple anthropogenic mortality causes in
hunted brown bears. J. Anim. Ecol. 78, 656-665.

Bombieri, G., Delgado, Md.M., Russo, L.F.,, Garrote, PJ., Lopez-Bao, ].V., Fedriani, J.M., Penteriani, V., 2018. Patterns of wild carnivore attacks on humans in urban
areas. Sci. Rep. 8, 1-9.

Brashares, J.S., Arcese, P., Sam, M.K,, 2001. Human demography and reserve size predict wildlife extinction in West Africa (doi.org/). Proc. Biol. Sci. 268,
2473-2478. https://doi.org/10.1098/rspb.2001.1815

Carter, N.H., Lépez-Bao, ].V., Bruskotter, ].T., Gore, M., Chapron, G., Johnson, A., Epstein, Y., Shrestha, M., Frank, J., Ohrens, O., Treves, A., 2017. A conceptual
framework for understanding illegal killing of large carnivores. Ambio 46, 251-264.

Creel, S., Rotella, ].J., 2010. Meta-analysis of relationships between human offtake, total mortality and population dynamics of gray wolves (Canis lupus). PLoS
One 5, e12918.

Creel, S., Becker, M., Christianson, D., Droge, E., Hammerschlag, N., Hayward, M.W., Karanth, U., Loveridge, A., Macdonald, D.W., Matandiko, W., M'soka, J.,
Murray, D., Rosenblatt, E., Schuette, P., 2015. Questionable policy for large carnivore hunting. Science 350, 1473-1475.

Dar, N.I, Minhas, R.A., Zaman, Q., Linkie, M., 2009. Predicting the patterns, perceptions and causes of human-carnivore conflict in and around Machiara National
Park, Pakistan. Biol. Conserv. 142, 2076-2082.

Estes, J.A., Terborgh, J., Brashares, J.S., Power, M.E., Berger, ]., Bond, W.J., Carpenter, S.R., Essington, T.E., Holt, R.D., Jackson, ].B., Marquis, R.J., Oksanen, L., Oksanen,
T., Paine, R.T,, Pikitch, E.K., Ripple, W.]., Sandin, S.A., Scheffer, M., Schoener, TW., Shurin, ].B., Sinclair, A.R., Soulé, M.E., Virtanen, R., Wardle, D.A., 2011.
Trophic downgrading of planet Earth. Science 333, 301-306.

Fahimi, H., Qashqaei, A.T., Chalani, M., Asadi, Z., Broomand, S., Ahmadi, N., Yusefi, G.H., 2018. Evidence of seed germination in scats of the Asiatic black bear Ursus
thibetanus in Iran (Mammalia: Carnivora). Zool. Middle East 64, 182-184.

Farhadinia, M.S., Hosseini-Zavarei, F., Nezami, B., Harati, H., Absalan, H., Marker, L., Fabiano, F., 2012. Feeding ecology of the Asiatic cheetah Acinonyx jubatus
venaticus in low prey habitats in northeastern Iran: implications for effective conservation. J. Arid Environ. 87, 206-211.

Farhadinia, M.S., Akbari, H., Eslami, M., Adibi, M.A., 2016. A review of ecology and conservation status of Asiatic cheetah in Iran. Cat. News 10, 18-26.

Farhadinia, M.S., Hunter, LT.B., Jourabchian, A., Hosseini-Zavarei, F., Akbari, H., Ziaie, H., Schaller, G.B., Jowkar, H., 2017a. The critically endangered Asiatic
cheetah Acinonyx jubatus venaticus in Iran: a review of recent distribution, and conservation status. Biodivers. Conserv. 26, 1027-1046.

Farhadinia, M.S., Hunter, L.T.B., Jowkar, H., Schaller, G.B., Ostrowski, S., 2018. Chapter 5 - Asiatic cheetahs in Iran: decline, current status and threats. In: Nyhus,
PJ., Marker, L., Boast, L.K., Schmidt, A. (Eds.), Biodiversity of World: Conservation from Genes to Landscapes, Cheetahs: Biology and Conservation. Academic
Press, pp. 55-69.

Farhadiniaa, M.S., Johnson, PJ., Hunter, L.T.B., Macdonald, D.W., 2017b. Wolves can suppress goodwill for leopards: patterns of human-predator coexistence in
northeastern Iran. Biol. Conserv. 213, 210-217.

Frank, L., Woodroffe, R., Ogada, M.O., 2005. People and predators in Laikipia district, Kenya. In: Woodruffe, R., Thirgood, S., Rabinowitz, A.R. (Eds.), People and
Wildlife: Conflict or Co-existence? Cambridge University Press, Cambridge, pp. 286-304.

Fuller, T.D., 1989. Population dynamics of wolves in north central Minnesota. Wildl. Monogr. 105, 1-41.

Garrote, PJ., Delgado, M.M., Lépez-Bao, J.V., Fedriani, ].M., Bombieri, G., Penteriani, V., 2017. Individual attributes and party affect large carnivore attacks on
humans. Eur. J. Wildl. Res. 63, 80.

Ghadirian, T., Qashqaei, A.T., Soofi, M., Abolghasemi, H., Ghoddousi, A., 2017. Diet of Asiatic black bear in its westernmost distribution range, southern Iran. Ursus
28, 15-19.

Ghoddousi, A., Soofi, M., Hamidi, A.K.H., Lumetsberger, T., Egli, L., Khorozyan, I, Kiabi, B.H., Waltert, M., 2016. Assessing the role of livestock in big cat prey choice
using spatiotemporal availability patterns. PLoS One 11, 0153439.

Ghoddousi, A., Bleyhl, B., Sichau, C., Ashayeri, D., Moghadas, P., Sepahvand, P., Hamidi, A.K.H., Soofi, M., Kuemmerle, T., 2020. Mapping connectivity and conflict
risk to identify safe corridors for the Persian leopard. Landsc. Ecol. 35, 1809-1825.

Heshmati, G.A., 2007. Vegetation characteristics of four ecological zones of Iran. Int. J. Plant Prod. 1, 215-224.

Hipolito, D., Relji¢, S., Rosalino, L.M., Wilson, S.M., Fonseca, C., Huber, D., 2020. Brown bear damage: patterns and hotspots in Croatia. Oryx 54, 511-519.

Iliopoulos, Y., Astaras, C., Lazarou, Y., Petridou, M., Kazantzidis, S., Waltert, M., 2019. Tools for co-existence: fladry corrals efficiently repel wild wolves (Canis
lupus) from experimental baiting sites. Wildl. Res. 46, 484-498.

Iran Meteorological Organization, 2021. [ran Weather. (https://www.irimo.ir/eng/index.php) (accessed 23 February 2021) [in Farsi].

Iranian Students’ News Agency, 2020. Ministry of Defence and Armed Forces Logistics’ suggestion to revise hunting law in Iran. (https://www.isna.ir/news/
99061813598/) (accessed 23 February 2021) [in Farsi].

Jacobson, A.P., Gerngross, P., Lemeris JR Jr., ].R., Schoonover, R.F, Anco, C., Breitenmoser-Wiirsten, C., Durant, S.M., Farhadinia, M.S., Henschel, P., Kamler, ]J.F,
Laguardia, A., Rostro-Garcia, S., Stein, A.B., Dollar, L., 2016. Leopard (Panthera pardus) status, distribution, and the research efforts across its range. Peer] 4,
1974.

Jamaran, 2018. Buying and selling illegal weapons in Iran with only 3000,000 Rials. (https://www.jamaran.news/fa/tiny/news-945919) (accessed 23 February
2021) [in Farsi].

Kabir, M., Ghoddousi, A., Awan, M.S., Awan, M.N., 2014. Assessment of human-leopard conflict in Machiara National Park, Azad Jammu and Kashmir, Pakistan.
Eur. J. Wildl. Res. 60, 291-296.

Khalaf-von Jaffa, N.A., 2017. Persian Leopard (Panthera pardus saxicolor Pocock, 1927) Skins Originating from Iran on Sale at the Spice Souq in Dubai, United Arab
Emirates, Gazelle: the Palestinian Biological Bulletin. pp. 1-21.

Khorozyan, 1., Soofi, M., Soufi, M., Hamidi, A.K.H., Ghoddousi, A., Waltert, M., 2017. Effects of shepherds and dogs on livestock depredation by leopards (Panthera
pardus) in north-eastern Iran. Peer] 5, 3049.

Kiabi, B.H., Dareshouri, B.F.,, Ghaemi, R.A., Jahanshahi, M., 2002. Population status of the Persian leopard (Panthera pardus saxicolor Pocock, 1927) in Iran. Zool.
Middle East 26, 41-47.

Krafte Holland, K., Larson, L.R., Powell, R.B., 2018. Characterizing conflict between humans and big cats Panthera spp: a systematic review of research trends and
management opportunities. PLoS ONE 13, 0203877.

Kudrenko, S., Ordiz, A., Barysheva, S.L., Baskin, L., Swenson, J.E., 2020. Human injuries and fatalities caused by brown bears in Russia, 1932-2017. Wildl. Biol.
2020. https://doi.org/10.2981/wlb.00611

Lagendijk, D.D.G., Gusset, M., 2008. Human-carnivore coexistence on communal land bordering the greater kruger area, South Africa. Environ. Manag. 42,
971-976.

Liberg, O., Chapron, G., Wabakken, P., Pedersen, H.C., Hobbs, N.T., Sand, H., 2011. Shoot, shovel and shut up: cryptic poaching slows restoration of a large
carnivore in Europe. Proc. R. Soc. Lond. Ser. B 270, 91-98.

Loveridge, AJ., Wang, S.W., Frank, L.G., Seidensticker, J., 2010. People and wild felids: conservation of cats and management of conflicts. In: Macdonald, D.,
Loveridge, A. (Eds.), The Biology and Conservation of Wild Felids. Oxford University Press, Oxford, pp. 161-195.

Madden, F,, 2004. Creating coexistence between humans and wildlife: global perspectives on local efforts to address human-wildlife conflict. Hum. Dimens.
Wildl. 9, 247-257.

Maji¢, A., Marino, A., Huber, D., Bunnefeld, N., 2011. Dynamics of public attitudes toward bears and the role of bear hunting in Croatia. Biol. Conserv. 144,
3018-3027.

McLellan, B., Hovey, F.,, Mace, R., Woods, J., Carney, D., Gibeau, M., Wakkinen, W., Kasworm, W., 1999. Rates and causes of grizzly bear mortality in the interior
mountains of British Columbia, Alberta, Montana, Washington, and Idaho. ]. Wildl. Manag. 63, 911-920.


http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref7
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref7
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref8
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref8
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref9
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref9
https://doi.org/10.1098/rspb.2001.1815
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref11
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref11
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref12
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref12
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref13
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref13
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref14
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref14
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref15
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref15
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref15
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref16
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref16
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref17
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref17
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref18
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref19
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref19
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref20
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref20
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref20
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref21
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref21
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref22
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref22
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref23
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref24
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref24
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref25
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref25
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref26
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref26
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref27
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref27
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref28
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref29
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref30
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref30
https://www.irimo.ir/eng/index.php
https://www.isna.ir/news/99061813598/
https://www.isna.ir/news/99061813598/
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref31
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref31
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref31
https://www.jamaran.news/fa/tiny/news-945919
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref32
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref32
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref33
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref33
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref34
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref34
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref35
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref35
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref36
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref36
https://doi.org/10.2981/wlb.00611
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref38
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref38
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref39
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref39
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref40
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref40
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref41
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref41
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref42
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref42
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref43
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref43

J. Parchizadeh and J.L. Belant Global Ecology and Conservation 27 (2021) e01618

Miquelle, D., Nikolaev, L., Goodrich, ]., Litvinov, B., Smirnov, E., Suvorov, E., 2005. Searching for the coexistence recipe: a case study of conflicts between people
and tigers in the Russian Far East. In: Woodruffe, R., Thirgood, S., Rabinowitz, A.R. (Eds.), People and Wildlife: Conflict or Co-existence? Cambridge
University Press, Cambridge, pp. 305-322.

Modarres, R., Sarhadi, A., 2011. Statistically-based regionalization of rainfall climates of Iran. Glob. Planet. Change 75, 67-75.

Mondol, S., Sridhar, V., Yadav, P, Gubbi, S., Ramakrishnan, U., 2015. Tracing the geographic origin of traded leopard body parts in the Indian subcontinent with
DNA-based assignment tests. Conserv. Biol. 29, 556-564.

Morehouse, A.T., Boyce, M.S., 2017. Troublemaking carnivores: conflicts with humans in a diverse assemblage of large carnivores. Ecol. Soc. 22, art4.

Muhly, T.B., Musiani, M., 2009. Livestock depredation by wolves and the ranching economy in the Northwestern US. Ecol. Econ. 68, 2439-2450.

Muntifering, J.R., Dickman, A.J., Perlow, L.M., Hruska, T., Ryan, P.G., Marker, L.L., Jeo, R.M., 2006. Managing the matrix for large carnivores: a novel approach and
perspective from cheetah (Acinonyx jubatus) habitat suitability modeling. Anim. Conserv. 9, 103-112.

Murray, D.L., Kapke, C.A., Evermann, J.F, Fuller, T.K., 1999. Infectious disease and the conservation of free-ranging large carnivores. Anim. Conserv. 2, 241-254.

Murray, D.L., Smith, D.W., Bangs, E.E., Mack, C., Oakleaf, ].K., Fontaine, J., Boyd, D., Jiminez, M., Niemeyer, C., Meier, TJ., Stahler, D., Holyan, ]., Asher, V.J., 2010.
Death from anthropogenic causes is partially compensatory in recovering wolf populations. Biol. Conserv. 143, 2514-2524.

Naderi, M., Farashi, A., Erdi, M.A., 2018. Persian leopard’s (Panthera pardus saxicolor) unnatural mortality factors analysis in Iran. PLoS One 13, 0195387.

Nielsen, S.E., Boyce, M.S., Stenhouse, G.B., 2006. A habitat-based framework for grizzly bear conservation in Alberta. Biol. Conserv. 130, 217-229.

Nijman, V., Morcatty, T., Smith, J.H., Atoussi, S., Shepherd, C.R,, Siriwat, P., Nekaris, K.A.L, Bergin, D., 2019. Illegal wildlife trade-surveying open animal markets
and online platforms to understand the poaching of wild cats. Biodiversity 20, 58-61.

Northrup, J.M., Stenhouse, G.B., Boyce, M.S., 2012. Agricultural lands as ecological traps for grizzly bears. Anim. Conserv. 15, 369-377.

Noss, R.F, Quigley, H.B., Hornocker, M.G., Merill, T., Paquet, P.C., 1996. Conservation biology and carnivore conservation in the Rocky Mountains. Conserv. Biol.
10, 949-963.

Ohta, U,, Jusup, M., Mano, T., Tsuruga, H., Matsuda, H., 2012. Adaptive management of the brown bear population in Hokkaido, Japan. Ecol. Model. 242, 20-27.

Parchizadeh, J., Adibi, M.A., 2019. Distribution and human-caused mortality of Persian leopards Panthera pardus saxicolor in Iran, based on unpublished data and
Farsi gray literature. Ecol. Evol. 9, 11972-11978.

Parchizadeh, ]., Shilling, F., Gatta, M., Bencini, R., Qashqaei, A., Adibi, M.A., Williams, S., 2018. Roads threaten Asiatic cheetahs in Iran. Curr. Biol. 28, R1141-R1142.

Payan, E., Trujillo, L.A., 2006. The tigrilladas in Colombia. Cat. News 44, 25-28.

Penteriani, V., Delgado, M.M., Pinchera, F,, Naves, ]., Ferndndez-Gil, A., Kojola, 1., Hirkénen, S., Norberg, H., Frank, J., Fedriani, J.M., Sahlén, V., Steen, O0.G.,
Swenson, J.E., Wabakken, P., Pellegrini, M., Herrero, S., Lopez-Bao, J.V., 2016. Human behaviour can trigger large carnivore attacks in developed countries. Sci.
Rep. 6, 20552.

Rabinowitz, A.R., 2005. Jaguars and livestock: living with the world’s third largest cat. In: Woodruffe, R., Thirgood, S., Rabinowitz, A.R. (Eds.), People and
Wildlife: Conflict or Coexistence? Cambridge University Press, Cambridge, pp. 278-285.

Ravenelle, J., Nyhus, PJ., 2017. Global patterns and trends in human-wildlife conflict compensation. Conserv. Biol. 31, 1247-1256.

Raziei, T., Arasteh, P.D., Saghafian, B., 2005. Annual rainfall trend in arid and semi-arid regions of central and eastern Iran. Water Wastewater 54, 73-81.

Ripple, WJ., Estes, J.A., Beschta, R.L., Wilmers, C.C,, Ritchie, E.G., Hebblewhite, M., Berger, ]J., Elmhagen, B., Letnic, M., Nelson, M.P., Schmitz, O.J., Smith, D.W.,,
Wallach, A.D., Wirsing, AJ., 2014. Status and ecological effects of the world’s largest carnivores. Science 343, 1241484 1241484-1- 1241484-11.

Sanei, A., Mousavi, M., Mousivand, M., Zakaria, M., 2012. Assessment of the Persian leopard mortality rate. In: Arifin, B., Afifah Jaafar, S.N., Zain, S.M., Hasan, S.,
Hassan, A., Armanto, HM.E., Tse Seng, C., Wan Sembok, W.Z., Md Sheriff, S., Noordin Mokhtar, S., Abdul Wahab, El., Mohd Yusof, H., Mat, A (Eds.),
Proceedings of UMT 11th International Annual Symposium on Sustainability Science and Management. Universiti Malaysia Terengganu: Malaysia.

Shilling, M., Waetjen, D.P., 2015. Wildlife-vehicle collision hotspots at US highway extents: scale and data source effects. In: Seiler, A., Helldin, ].-O. (Eds.),
Proceedings of IENE 2014 International Conference on Ecology and Transportation, Malmd, Sweden. Nature Conservation. 11, pp. 41-60.

Sidorovich, A.A., Novitsky, R.V., Solovej, L.A., 2020. Road mortality of carnivores (Mammalia, Carnivora) in Belarus. Zoodiversity 54, 211-220.

Sillero-Zubiri, C., Laurenson, K., 2001. Interactions between carnivores and local communities: Conflict or co-existence? In: Gittleman, J., Funk, S., Macdonald, D.
W., Wayne, RK. (Eds.), Proceedings of a Carnivore Conservation Symposia. Zoological Society of London, pp. 282-312.

Steyaert, S.M.J.G., Zedrosser, A., Elfstrém, M., Ordiz, A., Leclerc, M., Frank, S.C., Kindberg, ]., Steen, O.G., Brunberg, S., Swenson, ].E., 2016. Ecological implications
from spatial patterns in human-caused brown bear mortality. Wildl. Biol. 22, 144-152.

Stgen, 0.G., Ordiz, A., Sahlén, V., Arnemo, ].M., Sebg, S., Mattsing, G., Kristofferson, M., Brunberg, S., Kindberg, J., Swenson, ].E., 2018. Brown bear (Ursus arctos)
attacks resulting in human casualties in Scandinavia 1977-2016; management implications and recommendations. PLoS One 13, 0196876.

Swanepoel, L.H., Somers, M.J., van Hoven, W., Schiess-Meier, M., Owen, C., Snyman, A., Martins, Q., Senekal, C., Camacho, G., Boshoff, W., Dalerum, F., 2015.
Survival rates and causes of mortality of leopards Panthera pardus in southern Africa. Oryx 49, 595-603.

Thapa, T.B., 2014. Human caused mortality in the leopard (Panthera pardus) population of Nepal. ]. Inst. Sci. Technol. 19, 155-159.

Thirgood, S., Woodroffe, R., Rabinowitz, A., 2005. The impact of human-wildlife conflict on human lives and livelihoods. In: Woodroffe, R., Thirgood, S.,
Rabinowitz, A.R. (Eds.), People and Wildlife-Conflict or Coexistence? Cambridge University Press, Cambridge, pp. 13-26.

Treves, A., Karanth, K.U., 2003. Human-carnivore conflict and perspectives on carnivore management worldwide. Conserv. Biol. 17, 1491-1499.

Wilson, S.M., Madel, MJ., Mattson, D.J., Graham, ].M., Burchfield, J.A., Belsky, J.M., 2005. Natural landscape features, human-related attractants, and conflict
hotspots: a spatial analysis of human-grizzly bear conflicts. Ursus 16, 117-129.

Wilson, S.M., Madel, M.J., Mattson, D.J., Graham, J.M., Merrill, T., 2006. Landscape conditions predisposing grizzly bears to conflicts on private agricultural lands
in the western USA. Biol. Conserv. 130, 47-59.

Woodroffe, R., 2001. Predators and people: using human densities to interpret decline of large carnivores. Anim. Conserv. 3, 165-173.

Woodroffe, R., Ginsberg, ].R., 1998. Edge effects and the extinction of populations inside protected areas. Science 280, 2126-2128.

Woodroffe, R., Thirgood, S., Rabinowitz, A., 2005. The impact of human-wildlife conflict on natural systems. In: Woodroffe, R., Thirgood, S., Rabinowitz, A.R.
(Eds.), People and Wildlife-Conflict or Coexistence? Cambridge University Press, Cambridge, pp. 1-12.


http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref44
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref44
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref44
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref45
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref46
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref46
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref47
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref48
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref49
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref49
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref50
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref51
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref51
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref52
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref53
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref54
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref54
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref55
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref56
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref56
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref57
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref58
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref58
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref59
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref60
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref61
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref61
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref61
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref62
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref62
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref63
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref64
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref65
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref65
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref66
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref67
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref67
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref68
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref68
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref69
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref69
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref70
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref71
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref71
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref72
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref73
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref73
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref74
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref74
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref75
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref76
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref77
http://refhub.elsevier.com/S2351-9894(21)00168-2/sbref77

	Human-caused mortality of large carnivores in Iran during 1980–2021
	1. Introduction
	2. Materials and methods
	2.1. Study area
	2.2. Data collection

	3. Results
	4. Discussion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix A. Supporting information
	References




