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ARTICLE INFO ABSTRACT
Keywords: Understanding the changes in population size, distribution and threats, is essential for assessing
China the status of threatened species. Northern China is believed to be an important stronghold for the
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Status and distribution
Population assessment

Near Threatened Asiatic wild ass or khulan (Equus hemionus), but a recent assessment of the species
has been lacking. To document change and updated the current status of khulan in China, we
conducted a literature review targeting peer-reviewed and grey literature, newspaper articles, and
summarized the results own field surveys and interviews from part of the species range. For a
better understanding of the threats to khulan in China, we summarized the results of studies on
environmental habitat factors and human disturbances for khulan, most of which are only
available in Chinese language. Our results suggest that khulan in China have experienced a
dramatic decline and fragmentation of their distribution range caused by excessive anthropogenic
interferences. The remaining khulan range in China covers probably less than 40,000 km? and is
scattered over several nature reserves and the border areas in northern Xinjiang, northwestern
Gansu, and western Inner Mongolia. We estimate the remaining population at about 4000 in-
dividuals, with ~80% found in Kalamaili Mountain Ungulate National Nature Reserve in Xin-
jiang. The occurrences along the border with Mongolia are small and dependent on cross-border
movements, which are currently severely hindered by border fences. Over the past 15 years,
Kalamaili Mountain Ungulate National Nature Reserve was exposed to various human pressures
and experienced dramatic population fluctuation in the khulan population size. Key factors which
negatively influenced khulan were habitat loss, fragmentation, and disturbance due to mining
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exploration and infrastructure development. No systematic monitoring of khulan is done in the
rest of the khulan range, but whereas illegal hunting seems no longer a serious threat, infra-
structure development and land use changes (including increasing livestock numbers) are
happening throughout the remaining range of khulan in China. Hence there is an urgent need to
develop a national khulan conservation strategy and initiate cross-border cooperation with
Mongolia to safeguard the long-term survival of the species in the Gobi region.

1. Introduction

Khulan or Mongolian wild ass (Equus hemionus hemionus) is the most numerous surviving subspecies or ecotype of the Asiatic wild
ass (E. hemionus) found throughout the Gobi area of southern Mongolia and northern China (Kaczensky et al., 2015). The population
and distribution status of khulan in Mongolia is well studied, and current estimates suggest a total of 64,000 individuals which
constitutes > 80% of the global population (Buuveibaatar et al., 2016a; Kaczensky et al., 2020). Although the global population is still
relatively large, khulan are listed as Near Threatened by the IUCN Red List, as rapid infrastructure development and socio-economic
changes in combination with climate change may quickly and negatively affect this highly mobile species which needs access to large
tracts of land (Kaczensky et al., 2015, 2020; Kauffman et al., 2021a, 2021b). Historically, the population in Mongolia was continuous
with khulan in the three northern provinces of China, namely Xinjiang Uygur Autonomous Region (hereafter referred to as “Xinjiang™),
Gansu Province (“Gansu”), and Inner Mongolia Autonomous Region (“Inner Mongolia™). However, this situation has changed with the
construction of the border fence along the international border in the 1990 s and its subsequent reinforcement (Yang, 2007; Kaczensky
et al., 2011a, 2011b; Linnell et al., 2016).

A critical review and assessment of the current situation in China is lacking (Lin et al., 2011). The 2015 Red List assessment
assumed a population of ~5000 khulan based on regional studies from Inner Mongolia and Xinjiang, China from the early 2000 s (Li
et al., 2002; Gao et al., 2002; Ge et al., 2003; Bi, 2007; Chu, 2009). Hence, this last assessment is based on data going back at least 15
years, which is well before the rapid construction of transport infrastructure and excessive exploitation of mineral and fossil resource
started, which in northern Xinjiang resulted in a dramatic decline of the khulan population (Peng, 2012, 2015; Zhang et al., 2020).

Kalamaili Mountain Ungulate National Nature Reserve (hereafter “KNR”) in northern Xinjiang is the most important reserve for
desert ungulates in China, estimated to host the largest khulan population, China’s largest reintroduced population of Przewalski’s
horse (Equus ferus przewalskii), and a large population of Goitered gazelle (Gazella subgutturosa) and Argali sheep (Ovis ammon) (Chu
et al., 2009; Xu, 2012; Zhang et al., 2020). In 2005, exploitation of mineral and fossil resources started which resulted in a dramatic
increase in anthropogenic activities. From 2015-2019, the massive exploitation was shut down completely and ecological restoration
work begun. However, in 2017, the construction of an expressway and a railroad parallel to the existing highway (G216) created new

Fig. 1. Study area and major reserves for khulan in China. Sketch map of the GS (2016) 1600.
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impacts to the reserve. Since then, several studies have looked at the effect of these new anthropogenic disturbances on khulan but
were largely published in Chinese only (Lin et al., 2012; Xu et al., 2012; Wang et al., 2016).

While there has been a focus on KNR, systematic studies from the other regions, believed to have or have had khulan, are missing
and the little existing information is highly fragmented. Given the anthropogenic impacts on khulan documented in KNR, it is likely
that remaining khulan populations remaining in other parts of northern China are experiencing similar pressures. We therefore believe
it is very important to compile and update the current status of khulan in China and distribution and communicate the threats the
species faces KNR as a basis for a national conservation strategy for the species.

For the status update we reviewed the peer-reviewed and grey literature on the status and distribution of khulan in China in the
past, updated the current status based on field studies and interviews in Xinjiang province and based on the most recent literature, and
newspaper reports from the reminder of the range. For a better understanding of the threats, we reviewed the studies on environmental
habitat factors and human disturbances for khulan in KNR.

2. Materials and methods
2.1. Study area

We divided the known and potential khulan range in northern China into three regions: northern Xinjiang, northwestern Gansu,
central and western Inner Mongolia (Fig. 1). The entire area is the part of the Mongolian plateau with an average elevation of ~1000 m
above sea level, dominated by the plains and pluvial fan with eroded gullies, hummocks, rocky outcrops, and rolling hills. Surface
water sources are rare in the area. The vegetation is sparse, and dominates by desert shrubs and dwarf shrubs, e.g. Haloxylon
ammodendron, Ceratoides latens, Reaumuria soongorica, Anabasis spp., Calligonum spp., Nitraria spp., etc. Dense vegetation is only found
near water (i.e. oasis and intermittent rivers) and is dominated by Phragmites communis, Juncus spp., and Achnatherum splendens. The

Table 1

Characterization of the three major reserves of khulan range in northwestern China.

Habitat parameter
Regions
Coordinates

Terrestrial
Ecoregions of
the World
(TEOW)

Size of the reserve

Landscape type

Range in elevation
Average annual
temperature
Range in monthly
temperature
averages
Average rainfall
Average snow cover
Dominate plant
families

Dominate plant
communities

Herder presence /
year
Seasonality of
herder
presence
Herder camp
density
Average livestock
density (all
species)
Human
infrastructure

KNR
Northern Xinjiang
44°36' - 46°00'N, 88°30’ - 90°03'E

Junggar basin semi-desert

14,856 km?

Plains in the north and south, sand
dunes in the west, and rolling hills
of Kalamaili Mountains in the
center.

600-1464 m

2.4°C

-24.3-20.5 °C

186.8 mm

ca. 100 days

Chenopodiaceae, Asteraceae,
Brassicaceae, Fabaceae and Poaceae
Haloxylon ammodendron,
Seriphidium terrae-albae, Anabasis
salsa, Ceratoides latens, Stipa glarosa

ca. 4 months

Winter

0.015/km?

6.55/km?>

Railway, expressway and highway

ANR (Northern part)
Northwestern Gansu
41°12'26" - 41°47'33"N,
94°43'35" - 95°47'52""E

Alashan plateau semi-desert

3995 km?
Large pluvial plains in the west,
and mountains in the east.

1300-2335m
5°C

-16.9-32.4 °C

50.9 mm

Irregular

Asteraceae, Chenopodiaceae,
Poaceae, Fabaceae and
Brassicaceae

Haloxylon ammodendron, Nitraria
sphaerocarpa, Reaumuria
soongorica, Sympegma Regelii, Stipa
glareosa

No livestock

Railway, expressway and highway

UNR

Western Inner Mongolia
41°50' - 42°27'N, 106°15' -
108°00'E

Alashan plateau semi-desert

1318 km?
Plains and small fault basins
alternate with low hills.

840-960 m
4.4°C

-14-34.3°C

138.5 mm

Irregular

Chenopodiaceae, Zygophyllaceae,
Polygonaceae, Fabaceae and
Convolvulaceae

Haloxylon ammodendron, Nitraria
tangutorum, Artemisia arenaria,
Caragana korshinskii and Stipa
glareosa

12 months

Year-round

0.02/km?

2.73/km?

Railway and fence

References

Fig. 4

Chen et al. (2021);
Bao et al. (2020);
Zhao and Jin (2019).
Olson et al. (2001)

Chen et al. (2021);
Bao et al. (2020);
Zhao and Jin (2019).

Zhang et al. (2020);
Bao et al. (2020);
Zhao and Jin (2019).

Xu et al. (2012); Bao
et al. (2020); Bi
(2007).

Zhang et al. (2020);
Bao et al. (2020);
Zhao and Jin (2019).

Bao et al. (2020);
Zhang et al. (2020);
Bi (2007)
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key protected areas in these three regions are KNR in northern Xinjiang, northern part of Anxi Extreme-arid Desert National Nature
Reserve (hereafter ANR) in northwestern Gansu, and Urad National Nature Reserve (hereafter UNR) in Inner Mongolia (Fig. 1). All
these reserves have the similar continental arid climate characterized by long cold winters and short hot summers, but vary somewhat
in respect to topography, vegetation, and human impact such as lands use and infrastructure (Table 1).

2.2. Methods

2.2.1. Literature review for khulan occurrence in China

To assess the status of khulan throughout China, we searched through (1) all publicly reported news from http://www.chinaso.
com/, (2) scientific reports and peer-reviewed publications in Chinese available at Chinese academic search engines via https://
xueshu.baidu.com/, or English accessed via Web of Science. We used the search terms “E3”, “Ri5 ¥4 and “IFMEFIF in Chinese,
“Asiatic wild ass”, “Mongolian wild ass”, “Khulan” and “Equus hemionus” in English.

We divided the information on population size and area of occurrence into three time periods: < 1980, 1980-2009, and > 2010.
The year 1980 marks the beginning of the “reform and opening up” of China, while > 2010 was used to describe the present status of
khulan. We based the current distribution range of khulan in China on the most recent publications from Gansu, Inner Mongolia, and
our own surveys in Xinjiang. The shrinking of the khulan range from 1950 to 1980-1980-2010 is based on Gao and Gu (1989), Zheng
and Gao (2000), and other regional studies before 2010.

2.2.2. Field and interview surveys for khulan occurrence in Xinjiang

Xinjiang has been the core of the khulan distribution since the 1980 s and so we had restricted our systematic field surveys to this
region only. The areas surveyed included the Baytik Mountains (or Baitag Bogd) and Haftik Mountains (or Takhin Shar Naruu
Mountains) in 2008-2010 (Xu, 2012; Yang et al., 2016), KNR in 2018-2019 (Zhang et al., 2020), and other area along China-Mongolia
border in northeastern Xinjiang in 2020 (Fig. 2). The presence of khulan was confirmed by any sign, including carcasses and body
remains (Fig. 3). Fresh feces and footprints were also used to identify the existence of khulan near the border (where there was no
livestock present, or in areas where livestock is only seasonally present but was not in the area during the survey).

As a complementary approach, we also carried out interview during the field survey in 2008, 2010 and 2020 (Fig. 2). Totally, 5
local forestry rangers (n = 5) and 8 herders (n = 8) were interviewed during the field survey in the border area. Forestry rangers tend
to have the experience and knowledge about the area and khulan, for these people are well trained by the local forestry departments of
the government. And local herders often hold substantial ecological knowledge, which can be used to inform species management and

Fig. 2. Field survey in northeastern Xinjiang, China. Sketch map of the GS (2016) 1600.
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Fig. 3. Khulan and signs (entire carcass, and body remains) found in the Haftik Mountains of northern Xinjiang, China.

policy-making (Cui et al., 2017). Due to the large body size and similarity to horses, khulan are well-known by local herders and are
unlikely to be confused with any other wild ungulate species. When talking with rangers and herders, we asked open questions on
whether, when, and where they had ever seen or heard khulan, the location of their livestock pastures in different seasons, and their
attitude towards wildlife. The possible current stressors affecting the khulan population were also asked. Furthermore, totally 6 border
soldiers we met during the survey were also interviewed. When we met soldiers on patrol near the border, we show them the wildlife
photos, and ask what, when and how many wildlife they have seen in the area during their service.

2.2.3. Population estimation in Xinjiang

During the survey in Xinjiang, the weather was sunny and calm, all transects were traversed by an off-road vehicle at
20-30 km h™!, and checked by 2-4 observers. On detection of khulan, with the aid of binocular and monocular (CarlZeiss Terra ED
10 x42 and DiaScope 85 T * FL), laser rangefinder (Bosma LA-1500), hand-held GPS receiver (Garmin 631sc) and compass, the group
size, coordinates, distance and the angle (°) between the direction of transect and the khulan group were recorded.

In 2008 and 2010, terrestrial line transect surveys were conducted in Baytik Mountains and Haftik Mountains (Fig. 2). Given the
ruggedness topography in this region (mountains) (Fig. 3), strip transect method was used to estimate the khulan population in this
region (Xu, 2012). The density of khulan on each strip transect (D;) was obtained by dividing the recorded number of khulan (N;) by the
area of the strip (A;). The ridge on either side of each transect is the boundary of the strip transect, and the area of each strip transect
(A)) was calculated by the ArcGIS, and the density of the survey area (D) was the arithmetic mean of the density in each transect (Gong
and Zhang, 2010). The khulan population in this region (IN) was estimated by multiplying the average density (D) and the total area (A)
of the survey area.

In 2018-2019 and 2020, with relatively flat topography, distance sampling line transect surveys were conducted in KNR and the
border area to the east of Haftik Mountains (Fig. 2). The surveys in KNR get enough number of replicated lines to ensure that variation
in encounter rate could be estimated with adequate precision, and ensured sufficient observations to fit the detection function (Table 2)
(Buckland et al., 2001). Therefore, the software Distance 7.0 was used to estimate khulan densities from line transects (Thomas et al.,
2010).

3. Results
3.1. Status of khulan in northern China

Besides the field survey conducted in northwestern Gansu and western Inner Mongolia in 1976 (Zheng and Gao, 2000), we did not
find any other studies that estimated population size of khulan in China before 1980. However, descriptions of khulan presence in the
literature (Gao, 1987; Zheng and Gao, 2000; Si, 2004), suggest that the species used to be widespread and abundant in northwest China
in the past. Early guestimates from the 1980 s suggested that there may have been less than 2000 animals distributed over 140,

Table 2
Summary of own field surveys for khulan in Xinjiang, China.
Date Area No. of Total length No. of No. of No. of Population
Transects (km) group khulan signs estimation
06/30-07/12 Baytik Mt. 4 256.6 0 0 0 0
2008 Haftik Mt. 6 414.2 10 37 5 251 £ 53
08/15-08/24 Baytik Mt. 6 653.8 0 0 0 0
2010
10/31-11/07 Haftik Mt. 6 610.2 6 54 3 144 + 84
2010
06-08 2018 KNR 16 1841.9 356 2731 18 3246 + 575
06-07 2019 KNR 11 1340 363 2051 14
10/10-10/22 Border area east of Haftik 9 1251.8 0 0 0 0
2020 Mt.
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000 km? of Gobi area in Xinjiang, Gansu and Inner Mongolia adjacent to Mongolia (Gao and Gu, 1989; Zheng and Shao, 1994; Zheng
and Gao, 2000). Numbers had apparently sharply decreased due to hunting (Gao, 1987), and the rapid expansion of oasis during
1950-1970 s (Cheng et al., 2002).

3.1.1. Xinjiang

In Xinjiang, khulan were often seen in the western and southwestern Junggar Basin in the 1950 s (Gao, 1987). Within the next 20
years, the species became increasingly restricted to the eastern part of the Junggar basin, and by the 1980 s was primarily found from
the Kalamaili Mountain north to the Ulungur River (Chu et al., 1985; Gao and Gu, 1989). As a consequence, KNR was established in
1982 in this region aiming to conserve khulan and other rare ungulates (Liang, 1982).

3.1.1.1. KNR. Based on an aerial survey, the population of khulan in the reserve numbered only 358 animals in 1982 (Chu et al.,
1985). Subsequently, the khulan population was continuously monitored using terrestrial line transect sampling which documented a
steady increase of the khulan population in KNR. In 2006, the population reached its peak at 5318 + 1102 (Table 4, Fig. 4) (Wang,
1993; Xu et al., 1997; Ge et al., 2003; Chu et al., 2009). However, thereafter the population within the reserve decline sharply (Chu
et al., 2009; Peng et al., 2012), reaching a low of only 1358 + 749 animals in 2012 (Peng et al., 2015). An investigation in 2016
confirmed that the khulan population had begun to recover (Investigation report of KNR, 2016). In 2018 and 2019, the field surveys
were conducted in KNR, the total survey effort were 27 transects with 3181.9 km, and the estimated population of khulan in KNR is
3246 + 575 (Fig. 4) (Zhang et al., 2020). Although the sampling intensity varies year to year (Appendix A), and make the results not so
precise, these results can roughly explain the change of khulan population in KNR.

3.1.1.2. Outside KNR. South to KNR, Qitai forestry administration confirmed that there are about 300-400 khulan distributed in the
rangeland close to the sand dunes of the Gurbantunggut Desert, which are isolated from the reserve by railway and highway. Although
no systematic monitoring has been conducted, photos by the journalist from Xinhua News Agency clearly confirmed the presence of the
species (Appendix B). In addition, khulan also occur in Qitai Desert Grassland Nature Reserve (QNR, 493 km?, Fig. 2) to the east of KNR
(Zhang et al., 2021), but there has been no systematic population assessment so far (QNR pers. comm. 2021).

The area along the international border with Mongolia is another important distribution range for khulan in Xinjiang (Shaw and
Chao, 1957; Wang et al., 1983; Gao and Gu, 1989; Zheng and Gao, 2000; Gao et al., 2002). Therefore, the field surveys were conducted
in 2008, 2010 and 2020 in this region (Table 2). By transects in 2008 and 2010, we failed to find any khulan and their signs in Baytik
Mountains, and confirmed the distribution of khulan in Haftik Mountains that adjacent to Great Gobi B Strictly Protected Area (SPA) in
Mongolia (Fig. 2). The population is unstable in Haftik Mountains with only 251 + 53 in 2008 and 144 + 84 in 2010 (Xu, 2012).

In the past, khulan were also distributed in the border area to the east of Haftik Mountains that adjacent to the Great Gobi A SPA in
Mongolia (Gao and Gu, 1989; Zheng, 1998; Zheng and Gao, 2000). However, our investigations and interviews (Fig. 2) with local
forestry rangers (n = 3), herders (n = 2) and border soldiers (n = 5) revealed that no khulan have been seen in this region since 2010.

3.1.2. Gansu
In Gansu, khulan were common in northwestern part of the province in the 1950 s and 1960 s, khulan were found in the

Fig. 4. Population fluctuation of khulan in KNR, China. Note: Data of khulan population in KNR comes from Chu et al. (1985); Wang (1993); Hu
et al. (1998); Xu et al. (1997); Ge et al. (2003); Bi (2007); Yue et al. (2008); Chu (2008); Chu et al. (2009); Peng (2012); Peng (2015); KNR
Investigation Report, 2016 and Zhang et al. (2020) (Table 4). And 2005-2015 is the period of the massive exploitation in KNR (Chen et al., 2021).
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surrounding area of the Mazongshan Mountain (or Beishan Mountain) (Gao and Gu, 1989; Chen and Luo, 1991; Zheng and Gao, 2000;
Si, 2004), herds of khulan from this region sometimes came into the Transaltai Gobi within Mongolia. Khulan receded to the border
area with their population declined dramatically in 1970 s, and only 16 animals were recorded by a field investigation conducted in
1976 (Zheng and Gao, 2000). West to Mazongshan Mountain, ANR was established in 1988, and the following three scientific in-
vestigations conducted in 1988, 2002 and 2012 have confirmed the occurrence of khulan in this reserve but did not attempt to estimate
population size (Zhang et al., 2008; Bao et al., 2014). Recent studies suggested that, except for the northern part of ANR and its
surrounding areas, there have been no khulan in the border areas or other areas (including the Mazongshan Mountains) in north-
western Gansu since 2009 (Zhao et al., 2011; Zhao, 2016; Liu et al., 2017).

In 1993, 30-40 khulan in 2 groups were encountered in ANR during a field investigation (Chen and Luo, 1997). After that, khulan
were spotted only occasionally during forestry rangers’ routine patrols and scientific investigations (Zhang et al., 2008; Bao et al.,
2014). According to the information provided by ANR Administration, in 2015, a group of 13 khulan was photographed by an infrared
camera trap (Appendix C), which was the first time that such a large group was seen since 1993. In 2018, according to the information
by the Gansu Provincial Environmental Protection Department, a group of 16 khulan was captured by an infrared camera trap
(http://www.gs.chinanews.com/news/2018/08-16,/307424.shtml). Further camera trapping efforts suggest that the khulan popu-
lation has increased greatly in 2019 (Bao et al., 2020), and we speculate that there may be up to 100 khulan in ANR (Table 4).

3.1.3. Inner Mongolia

In Inner Mongolia, khulan were common in the vast rangeland from the Alashan prefecture eastward to Xilingol during the
1950-1970 s (Xing and Yang, 1982; Zheng and Gao, 2000). After 1980, the distribution range receded to the border area close to
Mongolia (Liang, 1989; Gerelt et al., 2007). According to Wang and Schaller (1996), the khulan range in Inner Mongolia was limited to
a narrow strip about 15 km wide along the border, and the population size was estimated at 250 animals at the most, sustained by
immigration from Mongolia.

According to a field investigation conducted in 1976, 85 khulan were recorded in Ejin, Alashan prefecture (Zheng and Gao, 2000).
In June 1987, on the other hand, only 2 khulan and 4 khulan carcasses were encountered in the 800 km? of border area in Alashan
prefecture (Liang, 1989); and in 1990 s, only a few animals were spotted occasionally near the border area (Gerelt et al., 2007). A field
investigation conducted in 2006 failed to detect any khulan or their signs such as feces and footprints. Furthermore, border soldiers
also had not seen any animals during their patrols in recent years (Bi, 2007). If there are still any surviving khulan in this region, it is
unlikely that the population exceeds 50 animals (Bi, 2007). Furthermore, no khulan were recorded using the wildlife crossings of the
G7 expressway (from Beijing to Urumqi) in the Alashan prefecture (Li et al., 2018, 2019; Zhang et al., 2019).

Nowadays, khulan only range from Urad (or Wulate) Hougqi in Bayannur to Erenhot in Xilingol along the border in Inner Mongolia,
and are mainly concentrated in UNR. In summer 2000, about 11,400 khulan breached the border fence and migrated from Mongolia to
the border area of Urad Houqi and Urad Zhongqi in Bayannur as a result of drought (Li et al., 2002). To better protect this rare equid
species, UNR was upgraded to a national nature reserve in 2001. However, most individuals returned to Mongolia, and the total
number of khulan within UNR was estimated at no more than 100 in 2005 (Bi, 2007). According to the estimation of Bi (2007), the
khulan population likely numbers 180-250 in the border area from Bayannur to Erenhot in Xilingol. Considering there have been
persistent news reports on khulan roaming on the border areas in recent years (Table 3), this estimation is still valid now (Table 4).

3.1.4. Current range and population estimation in China

Combining all areas and sources of information, we estimate that the remaining khulan range in China covers probably less than
40,000 km? and is scattered over several nature reserves and the border areas in northern Xinjiang, northwestern Gansu, and western
Inner Mongolia in northern China (Fig. 1). Although the presence of khulan these three provinces was confirmed as before, the dis-
tribution range has shrunk dramatically in the past decades (Fig. 5).

Our synthesis highlights that monitor efforts on khulan populations are not homogeneous among different distribution ranges of

Table 3
News reports about khulan found in Inner Mongolia 2013-2021.
Date Sources Place
12/11 2021 https://xw.qq.com/cmsid/20211211V06HU700 Border area in Urad Zhongqi
03/12 2021 http://inews.nmgnews.com.cn/system/2021,/03/12/013087599.shtml Border area near inland port of Mandula in Baotou
02/19 2021 https://www.chinanews.com/shipin/2021/02-18/news880780.shtml Border area in Sonid Yougi
02/01 2021  http://inews.nmgnews.com.cn/system/2021,/02/01/013065078.shtml Border area near inland port of Erenhot
01/14 2021 https://news.cctv.com/2021/01/14/ARTIt6uh4ePnlHxsV9t5qjl8210114.shtml Border area near inland port of Gangimaodu in Urad Zhongqi
12/26 2020 https://tv.cctv.com/2020/12/26/VIDEFYoZevuqZeU1DBZE4pQM201226. Border area in Sonid Yougi
shtml
08/31 2020  http://xhpfmapi.zhongguowangshi.com/vh512/share/9365381 Border area in Urad Zhongqi
04/21 2020  https://xw.qq.com/cmsid/20200421A0D17700 Border area in Urad Zhongqi
04/17 2020  http://www.xinhuanet.com/video/2020-04/17/c_1210561565.htm Border area in Urad Zhongqi
11/18 2019  https://www.chinanews.com/sh/shipin/cns/2019/11-18/news838667.shtml Border area near inland port of Erenhot
06/11 2019  https://www.sohu.com/a/319898077_206722 Border area in Urad Zhongqi
01/16 2018  http://news.cnr.cn/native/city/20180116,/t20180116_524101357.shtml Border area in Sonid Yougi
12/04 2014  https://www.chinanews.com/sh/2014/12-04/6846465.shtml Border area in Sonid Youqi
07/09 2013  https://news.sina.com.cn/0/2013-07-09/210827621844.shtml Urad Nature Reserve in Urad Zhongqi




Table 4
Khulan population estimates in China based on literature review and own field surveys.
Province Prefecture
Xinjiang Altay and Changji
Changji and Hami
Gansu Jiuquan
Inner Mongolia Alashan

Bayannur, Baotou, Ulangab and Xilingol

Estimated total population size for China

Region
KNR

Qitai county
Haftik Mountains

ANR and Mazongshan
Border area

Border area (including UNR)

Year
1982
1989
1992
1997
2001
2005
2006
2007
2011
2012
2016
2018-2019*
2018
2008*
2010%
2021
2006
2000
2005
1989
1994
2015
2021

Population Estimation
358

568

680

2760 + 1127
3416 + 784
5234 + 834
5318 £ 1102
3379 + 1160
2201 + 983
1358 + 749
2144 + 562
3246 + 575
300-400
251 +£ 53
144 + 84
<100

<50

11,400
180-250

< 2000

< 2000
~5000
~4000

Investigation method
Aerial strip transect
Terrestrial line transect
Terrestrial line transect
Terrestrial line transect
Terrestrial line transect
Terrestrial line transect
Terrestrial line transect
Terrestrial line transect
Terrestrial line transect
Terrestrial line transect
Terrestrial line transect
Terrestrial line transect
Direct counting
Terrestrial line transect
Terrestrial line transect
Infrared camera traps
Terrestrial line transect
Terrestrial line transect
Terrestrial line transect

Reference

Chu et al. (1985)

Wang (1993)

Hu et al. (1998)

Xu et al. (1997)

Ge et al. (2003)

Bi (2007); Yue et al. (2008)
Chu (2008); Chu et al. (2009)

Peng (2012)

Peng (2015)

KNR Investigation Report, 2016
Zhang et al. (2020)

Qitai forestry administration, 2018
Xu (2012)

Estimation in This study
Bi (2007)

Li et al. (2002)

Bi (2007)

Gao and Gu (1989)
Zheng and Shao (1994)
Kaczensky et al. (2015)
This study

Note: the bold number is used to estimate the total number of khulan in China in this paper, and the year with * is our own field survey.
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China (Table 4), resulting in high levels of uncertainty around population size estimates in different regions. And just by adding our
most recent estimation in Xinjiang (Xu, 2012; Zhang et al., 2020), the direct counting in Qitai county, our speculation in ANR in Gansu
(Table 4), and the still valid estimation in Inner Mongolia (2007); we estimate the total population in China at ~4000 khulan (Table 4),
with the vast majority occurring in protected areas, primarily in KNR (~80%). And this estimation of khulan in China may be
underestimated as the population in QNR and the area around KNR were not investigated (Fig. 2).

3.2. Factors influencing khulan habitat use in KNR

Earlier studies indicated that over-hunting and extensive agricultural activities were the major threats to khulan in China before
1980 (Gao, 1987; Gao and Gu, 1989). Since 1980, the economy of China has developed rapidly, which exposed khulan to new
anthropogenic interferences (Zheng, 1998; Zheng and Gao, 2000). However, no studies on how these new anthropogenic activities
affected khulan were conducted anywhere, except for KNR, and even here most studies to date have been primarily descriptive.

Chu et al. (1985) found that khulan were concentrated in the northeastern part of KNR, and concluded that water, terrain condition,
and anthropogenic impacts were the three major factors influencing habitat use of khulan. Recent quantitative analysis, identified food
and water as the key factors affecting small-scale habitat selection of khulan in KNR (Chu, 2008; Xu, 2012), while anthropogenic
factors, such as the highway, mine exploitation, and grazing livestock, are the key factors affecting the larger-scale habitat selection of
khulan in KNR (Lin et al., 2012). MaxEnt modeling, determining the suitable habitat — before mining development (2005), at the peak
of mining development (2011), and after ecological restoration and road construction (2019) — confirmed the overarching importance
of water during all time periods, but also documented a 13% reduction in suitable habitat during peak exploitation (Chen et al., 2021).
Ecological restoration recovered the total suitable habitat but resulted in a lower proportion of highly suitable versus moderately
suitable habitat (Chen et al., 2021; also see Appendix D). Furthermore, the new, fenced expressway and fenced railway which run
parallel to the old highway have severely fragmented the protected area into a western and an eastern part (Zhang et al., 2020; Chen
et al., 2021).

4. Discussion
4.1. Status of khulan in China

Our assessments based on a literature research for all of China and own field assessments in Xinjiang confirmed the presence of
khulan in Xinjiang, Gansu and Inner Mongolia. Although there were no systematic population estimates of khulan available from

Fig. 5. Past and present distribution range of khulan in China. Note: Distribution ranges of khulan in Mongolia download from IUCN that assessed
by Kaczensky et al. (2015). Sketch map of the GS (2016) 1600.
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before 1980, it is clear that the distribution range and population size of khulan in China decreased dramatically since the 1950 s,
which resulted in the classification of the species as a first-class protected animal according to the relevant provisions of “the Wildlife
Protection Law of China” enacted in 1989. Compared with the national assessments from 1989, 1994 and 2000, the current khulan
range has been reduced from an estimated 140,000 km? in 1989 to less than 40,000 km? (Fig. 1). Furthermore, the khulan range in
China was separated into several populations that scattered in some reserves and remote areas of Xinjiang, Gansu, and Inner Mongolia
(Fig. 5).

Our population estimate, on the other hand, is about twice as high as those from 1989 and 1994 (Table 4). These early population
assessments likely underestimated the true population sizes due to the lack of adequate field data, and we do not assume that the
population has in fact doubled. Rather, the dramatic shrinkage and fragmentation of the distribution range suggests that the future of
the species in China is far from secure. With about 80% of the total population currently living in KNR, which was the most important
area defining the status of the species in China, conservation efforts in this reserve will be instrumental for the future fate of khulan in
China. And results of long-term systematic studies from KNR and adjacent Mongolia are most relevant for khulan conservation in the
reminder of the range in China.

4.2. Threats

4.2.1. Over-hunting

Before “the Wildlife Protection Law of China” was enacted in 1989, all wildlife hunting was legal. Hunting of khulan likely
happened throughout their range but was only rarely documented (i.e., in Mosuowan in the southwestern Junggar Basin, 84 khulan
were documented to have been shot in 1958-1965; Zheng and Gao, 2000). After 1989, illegal hunting remained a problem, but with
efforts by the national and regional governments and increased public awareness of wildlife protection in recent years (Huang et al.,
2021; Wei et al., 2021; Yang et al., 2021), illegal hunting on khulan does not seem to constitute a major problem as the firearms are
tightly controlled (Linnell et al., 2016).

4.2.2. Habitat fragmentation

Fences constitute absolute barriers for khulan, as the animals seem unwilling to jump and unable to crawl underneath them
(Kaczensky et al., 2020). Fences alongside international borders, expressways, and railways are the most pervasive barrier that have
unintended, but significant impacts on far ranging wildlife (Fahrig and Merriam, 1994; Ito et al., 2010; Trouwborst et al., 2016; CMS,
2019). The large population in the Mongolian Gobi is an important source of animals for the small and highly fragmented khulan
populations in the border areas in Xinjiang, Gansu and Inner Mongolia, but the international border fence currently severely hinders
khulan movements (Kaczensky et al., 2011b; Linnell et al., 2016). In recognition of this importance, four openings in the border fence
within UNR in Inner Mongolia were created on September 10, 2009 to allow for transboundary khulan movements (Chen, 2009;
Appendix E). However, this action has not been coordinated with the Mongolian side and lack of professional scientific report.

But in China fences have also increased on rangelands since the introduction of the “Rangeland Contract Responsibility System” in
the mid-1980 s (basically introducing a system of grazing prohibition and grazing rest often implemented through fencing; Greenfield
et al., 2021). These fences pose a serious threat to wildlife by splitting populations, impeding migrations, restricting access to re-
sources, and killing animals attempting to cross (Forman and Alexander, 1998; You et al., 2013; Greenfield et al., 2021).

Roads and railways also have been identified as significant barriers for migratory ungulates such as khulan, particularly if the traffic
volume is high or if they are fenced (CMS, 2019; Kauffman et al., 2021b). For example, the linkage between ANR and Great Gobi A was
completely blocked by expressway, railway and border fence (Fig. 5). China has one of the most developed road networks in the world.
In Xinjiang alone, the highway and railway network exceed 200,000 km (including 5500 km of expressway) and 7700 km, respectively
as of 2020 (http://xj.people.com.cn/n2/2021,/0609/c186332-34768643.html). By law, all expressways and railways must be fenced
in China, with the exception of specific wildlife overpasses or bridges. The new expressway and railway that run parallel to the old
highway G216 constitute a major barrier to the seasonal movement of khulan, making them more vulnerable to local catastrophic
events (i.e., droughts or severe winters, Kaczensky et al., 2011a) thereby reducing the perspective for long term survival of the species
in KNR (Chen et al., 2021; Appendix D).

4.2.3. Habitat loss

Mineral and fossil resource exploitation and associated constructions have been recognized as a key factor leading to habitat loss of
wildlife globally (i.e., Edwards et al., 2014; Sonter et al., 2020). The distribution range of khulan in northern China and southern
Mongolia overlaps in large parts with areas rich in mineral and fossil fuel deposits. The area is currently experiencing a rapidly
developing mining industry, which if not carefully mitigated, poses a serious threat to the long-term survival of khulan due to habitat
fragmentation, habitat loss, disturbance, and impact on water resources (Wang et al., 2016; Buuveibaatar et al., 2016b; Kaczensky
et al., 2015, 2020).

KNR houses the largest populations of khulan in China. However, due to the large-scale coal exploitation, thermal power plant and
coal chemical industry construction during 2005-2015, the local government successively reduced the size of KNR from originally
18,000 km? to 12,800 km? (Wang et al., 2016). During the peak of mining development in 2011, a lot of suitable khulan habitat was
negatively impacted; the core habitat (highly suitable area) decreased by 30%, the habitat became fragmented (Chen et al., 2021;
Appendix D), and the khulan population decreased dramatically (Peng, 2012, 2015; Fig. 4). This negative development in KNR aroused
wide concern from the public in China which resulted in a stop of mineral exploitation followed by ecological restoration and an area
increase to 14,856.48 km?. Recent population estimates confirmed that the khulan population has responded positively to these
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measures and increased again (KNR Investigation Report, 2016; Zhang et al., 2020; Fig. 4).

4.2.4. Competition with livestock

Historically, khulan were distributed beyond the Gobi (Reading et al., 2001). And now, the ranges of khulan in China and Mongolia
are restricted to the Gobi Desert which is characterized by long, cold winters and low pasture productivity (Pfeiffer et al., 2018; Kempf,
2021). In Xinjiang, the rangelands used by the khulan are usually the traditional winter pasture of local herders which have historically
coexisted with khulan for millennia. However, with the rapid economic development in the 1980 s, livestock have been rapidly
increasing. For example, KNR is currently inhabited by ~2000 nomadic Kazakh herders with ~200,000 livestock from November to
March (Chu et al., 2008; Xia et al., 2014; Ji et al., 2017). Livestock tends to occupy the pastures with the best productivity, thereby
reducing habitat quality for khulan in winter (Lin et al., 2012). The dietary overlap between khulan and domestic sheep in KNR was
48.3% during winter, with khulan consuming more woody plants potentially as a consequence of avoiding people and livestock as also
suggested for Great Gobi B SPA in adjacent Mongolia (Xu et al., 2012; Burnik Sturm et al., 2017). Avoidance of people and livestock is
also seen at water points, which khulan in KNR do not visit if they are occupied by the horses, cattle, and camels (Wang et al., 2016;
Zhang et al., 2020). To address concerns over competition and disturbance by livestock, some herders and their livestock have recently
been moved out of KNR, and the reserve was successfully upgraded to a national nature reserve in 2020, and was shortlisted as a
national park this year (KNR pers. comm. 2022).

4.3. Management recommendations

Key factors which negatively influenced khulan were habitat loss, fragmentation, and disturbance due to mining exploration and
infrastructure development. No systematic monitoring of khulan is done in the rest of the khulan range, but whereas illegal hunting
seems no longer a serious threat, infrastructure development and land use changes (including increasing livestock numbers) are
happening throughout the remaining range of khulan in China. Furthermore, on top of this comes climate change with expected higher
temperatures, which will impact pasture and water availability, and an increase in the frequency of extreme events (Joy et al., 2020).

Khulan in China are now primarily restricted to protected areas or border regions with limited access. However, experiences from
KNR showed that anthropogenic pressures do not necessarily stop at reserve boundaries. Even if ecological restoration can reverse
negative effects, it is extremely costly, often does not reverse all negative effects (i.e., the fragmentation effect of the upgraded
transportation corridor in KNR), and initially puts the population at risk during the impact phase. The small number and highly
fragmented range of the remaining khulan population in China is cause of concern. Small population size makes the species vulnerable
to localized chance events (i.e., extreme weather, disease outbreaks) and fragmentations hinders recolonization, reduces the flexibility
to respond to changes in pasture and water availability, and threatens genetic variability (Kauffman et al., 2021a, 2021b).

The khulan population in northern China was once continuous with khulan in Mongolia and in the highly fragmented areas along
the Mongolian border, long-term survival will depend on immigration of khulan from Mongolia. In Xinjiang, connecting KNR with the
Great Gobi protected areas on the Mongolian side, would benefit the species in the Junggar basin by increasing the range and allowing
for higher movement flexibility and genetic exchange over a large transboundary protected area network (Kaczensky et al., 2011a,
2011b; CMS, 2019). Hence there is an urgent need to develop a national khulan conservation strategy and action plan which initiates
cross-border cooperation with Mongolia to safeguard the long-term survival of the species in the Gobi region. This status update is an
important first step for such a national strategy and will contribute to the global khulan action plan aimed to be developed under the
Convention of Migratory Species Central Mammals Initiative in spring 2023.

Declaration of Competing Interest

The authors declare the following financial interests/personal relationships which may be considered as potential competing in-
terests: Wenxuan Xu reports financial support was provided by National Natural Science Foundation of China (31872254). Weikang
Yang reports financial support was provided by National Natural Science Foundation of China (U2003203).
Acknowledgements

The study was supported by the National Natural Science Foundation of China (31872254, U2003203). We thank Management
Center of Mt. Kalamaili Ungulate Nature Reserve for permitting us to conduct the work in the reserve, and staff from the Reserve for
providing logistical support during the fieldwork period.

Appendix A. Supporting information

Supplementary data associated with this article can be found in the online version at doi:10.1016/j.gecco.2022.e02156.

11


https://doi.org/10.1016/j.gecco.2022.e02156

W. Xu et al. Global Ecology and Conservation 37 (2022) ¢02156

References

Bao, X., Yang, Z., Zhao, W., Shi, C., Yang, Y., Wang, L., 2014. The alteration of the vertebrate resources over the past two decades in Gansu Anxi Extreme Arid National
Nature Reserve. Biodivers. Sci. 22 (4), 539-545. https://doi.org/10.3724/5P.J.1003.2014.13266.

Bao, X., Wang, L., Lu, M., Pei, P., Li, J., Ma, D., Li, J., 2020. Investigation of bird and mammal diversity in the Gansu Anxi Extreme-arid Desert National Nature Reserve
using infrared camera traps. Biodivers. Sci. 28 (9), 1141-1146. https://doi.org/10.17520/biods.2020089.

Bi, J., 2007. A Study on the Status of Asiatic Wild Ass (Equus hemionus hemionus) and Its Ecological Problems (Ph.D. dissertation). Beijing Forestry University, Beijing.

Buckland, S.T., Anderson, D.R., Burnham, K.P., Laake, J.L., Borchers, D.L., Thomas, L., 2001. Introduction to Distance Sampling. Oxford University Press, Oxford.

Burnik Sturm, M., Ganbaatar, O., Voigt, C.C., Kaczensky, P., 2017. Sequential stable isotope analysis reveals differences in dietary history of three sympatric equid
species in the Mongolian Gobi. J. Appl. Ecol. 54 (4), 1110-1119. https://doi.org/10.1111/1365-2664.12825.

Buuveibaatar, B., Strindberg, S., Kaczensky, P., Payne, J., Chimeddorj, B., Naranbaatar, G., Amarsaikhan, S., Dashnyam, B., Munkhzul, T., Purevsuren, T., Hosack, D.
A., Fuller, T.K., 2016a. Mongolian Gobi supports the world’s largest populations of khulan Equus hemionus and goitered gazelles Gazella subgutturosa. Oryx 51 (4),
639-647. https://doi.org/10.1017/50030605316000417.

Buuveibaatar, B., Mueller, T., Strindberg, S., Leimgruber, P., Kaczensky, P., Fuller, T.K., 2016b. Human activities negatively impact distribution of ungulates in the
Mongolian Gobi. Biol. Conserv. 203, 168-175. https://doi.org/10.1016/j.biocon.2016.09.013.

Chen, C., Shao, C.L., Ge, Y., Wang, M.Y., Zhang, X.C., Xu, W.X., Yang, W.K., 2021. Habitat pattern dynamics and cause analysis of Equus hemionus in Kalamaili
Mountain Ungulate Nature Reserve, Xinjiang. Acta Ecol. Sin. 41 (5), 2056-2066. https://doi.org/10.5846/stxb202004010773.

Chen, F., 2009. Special wildlife corridors were opened in Urad houqi. For. China (19): 55. (http://qikan.cqvip.com/Qikan/Article/Detail?id=31726603) (In Chinese).

Chen, J., Luo, W., 1991. The geographical distribution of mammal resources in desert steppe in Anxi, Gansu Province. J. Desert Res. 11 (4), 66-69. DOI: CNKI:SUN:
7GSS.0.1991-04-009 (In Chinese).

Chen, J., Luo, W., 1997. Geographical distribution of wild ass in Beishan region of Hexi Corridor. J. Tianshui Norm. Univ. 17 (3), 26-27, 32. DOI: CNKI:SUN:
TSSY.0.1997-03-009 (In Chinese).

Chu, G.Z., Liang, C.Q., Ruan, Y.Q., Wang, W., Hou, Y.Q., 1985. The summer habitat and population numbers of the Mongolian wild ass in the Kalamaili Mountains
wildlife reserve, Xinjiang Uygur Autonomous Region. Acta Zool. Sin. 31 (2), 178-186. (https://www.cnki.com.cn/Article/CJFDTotal-BEAR198502012.htm).

Chu, H.J., 2008. Diets, Populations and Habitats of Khulan (E. hemionus) and Goitred Gazelle (G. subgutturosa) in the Mt. Kalamaili Ungulate Nature Reserve, Xinjiang,
China (Ph.D. dissertation), Chinese Academy of Sciences, Beijing. (In Chinese).

Cheng, W., Zhou, C., Li, J., et al., 2002. Economic development and oasis growth at the northern foot of the Tianshan Mountains. Acta Geographic Sinica 57 (5),
561-568. https://doi.org/10.11821/xb200205008.

Chu, H.J,, Jiang, Z., Ge, Y., Jiang, F., Tao, Y.S., Wang, C., 2009. Population densities and number of Khulan and Goitred gazelle in Mt. Kalamaili Ungulate Nature
Reserve. Biodivers. Sci. 17 (4), 414-422. https://doi.org/10.3724/5P.J.1003.2009.09001.

CMS, 2019. Central Asian Mammals Migration and Linear Infrastructure Atlas. CMS Technical Series Publication No. 41.

Cui, S., Milner-Gulland, E.J., Singh, N.J., Chu, H., Li, C., Chen, J., Jiang, Z., 2017. Historical range, extirpation and prospects for reintroduction of saigas in China. Sci.
Rep. 7, 44200. https://doi.org/10.1038/srep44200.

Edwards, D.P., Sloan, S., Weng, L., Dirks, P., Sayer, J., Laurance, W.F., 2014. Mining and the African environment. Conserv. Letters 7 (3), 302-311. https://doi.org/
10.1111/conl.12076.

Fahrig, L., Merriam, G., 1994. Conservation of fragmented populations. Conserv. Biol. 8 (1), 50-59. (https://www.jstor.org/stable/2386720).

Forman, R.T.T., Alexander, L.E., 1998. Roads and their major ecological effects. Annu. Rev. Ecol. Syst. 29 (1), 207-231. https://doi.org/10.1146/annurev.
ecolsys.29.1.207.

Gao, X.Y., 1987. Wild asses in Xinjiang. Arid Zone Res. 4 (3), 46. https://doi.org/10.13866/j.azr.1987.03.006.

Gao, X.Y., Gu, J.H., 1989. The distribution and status of equidae in China. Acta Theriol. Sin. 9 (4), 269-274. https://doi.org/10.16829/].51xb.1989.04.005.

Gao, X.Y., Yang, W.K., Qiao, J.F., Xu, K.F., 2002. Wildlife in the Beita Mountain region, Xinjiang. Arid Zone Res. 19 (4), 75-82. https://doi.org/10.13866/j.
azr.2002.04.019.

Ge, Y., Liu, C.G., Chu, H.J,, Tao, Y.S., 2003. Present situation of the Equus hemionus resources in the Karamori Mountain Nature Researve, Xinjiang. Arid Zone Res. 20
(1), 32-34. https://doi.org/10.13866/j.azr.2003.01.008.

Gerelt, Soyolt, Khasbagan, 2007. Wild animal species diversity and Mongolians’ traditional zoology knowledge and culture in Ejina region. J. Arid Land Resour.
Environ. 21 (3), 162-168. https://doi.org/10.1016/51005-8885(07)60162-9.

Gong, M., Zhang, J., 2010. Discussion on wildlife survey methods in desert area: introduction of a new survey method. Sichuan J. Zool. 29 (2), 317-324. DOI: CNKI:
SUN:SCDW.0.2010-02-049 (In Chinese).

Greenfield, S.M., Norris, A.C., Lambert, J.P., Wu, L., Se, Y., Zhan, J., Ma, B., Li, D., Shi, K., Riordan, P., 2021. Ungulate mortality due to fencing and perceptions of
pasture fences in part of the future Qilianshan National Park. J. Resour. Ecol. 12 (1), 99-109. https://doi.org/10.5814/j.issn.1674-764x.2021.01.010.

Hu, D., Zhang, D., Lan, C., 1998. Ecology habits of Equus hemionus and Gazella subgutturosa in Kalamaili Ungulate Reserve in autumn. J. For. Res. 9 (2), 131-132.
https://doi.org/10.1007/BF02865004.

Huang, G., Ping, X.G., Xu, W.H., Hu, Y., Chang, J., Swaisgood, R.R., Zhou, J., Zhan, X., Zhang, Z., Nie, Y., Cui, J., Bruford, M., Zhang, Z., Li, B., Zhang, L., Lv, Z,,
Wei, F., 2021. Wildlife conservation and management in China: achievements, challenges and perspectives. Natl. Sci. Rev. 8 (7), nwab042. https://doi.org/
10.1093/nsr/nwab042.

Ito, T.Y., Miura, N., Lhagvasuren, B., Enkhbileg, D., Jiang, Z., 2010. Preliminary evidence of a barrier effect of a railroad on the migration of Mongolian gazelles.
Conserv. Biol. 19 (3), 945-948. https://doi.org/10.1111/j.1523-1739.2005.004364.x.

Ji, S., Jiang, Z., Li, L., Li, C., Zhang, Y., Ren, S., Ping, X., Cui, S., Chu, H,, et al., 2017. Impact of different road types on small mammals in Mt. Kalamaili Nature
Reserve. Transportation Res. Part D: Transport and Environ. 50, 223-233. https://doi.org/10.1016/j.trd.2016.11.006.

Joy, A., Dunshea, F.R., Leury, B.J., Clarke, 1.J., DiGiacomo, K., Chauhan, S.S., 2020. Resilience of small ruminants to climate change and increased environmental
temperature: a review. Animals 10 (5), 867. https://doi.org/10.3390/ani10050867.

Kaczensky, P., Buuveibaatar, B., Payne, J.C., Strindberg, S., Walzer, C., Batsaikhan, N., Bolortsetseg, S., Victurine, R., Olson, K.A., 2020. A Conservation Strategy for
Khulan in Mongolia: Background and Key Considerations. NINA Report 1889. Norwegian Institute for Nature Research.

Kaczensky, P., Ganbataar, O., Altansukh, N., Enkhsaikhan, N., Stauffer, C., Walzer, C., 2011a. The danger of having all your eggs in one basket - winter crash of the re-
introduced Przewalski’s horses in the Mongolian Gobi. PLoS One 6 (12), e28057. https://doi.org/10.1371/journal.pone.0028057.

Kaczensky, P., Kuehn, R., Lhagvasuren, B., Pietsch, S., Yang, W., Walzer, C., 2011b. Connectivity of the Asiatic wild ass population in the Mongolian Gobi. Biol.
Conserv. 144 (2), 920-929. https://doi.org/10.1016/j.biocon.2010.12.013.

Kaczensky, P., Lkhagvasuren, B., Pereladova, O., Hemami, M., Bouskila, A., 2015. Equus hemionus. The IUCN Red List of Threatened Species 2015: e.
T7951A45171204. (https://doi.org/10.2305/IUCN.UK.2015-4.RLTS.T7951A45171204.en).

Kauffman, M.J., Aikens, E.O., Esmaeili, S., Kaczensky, P., Middleton, A., Monteith, K.L., Morrison, T.A., Mueller, T., Sawyer, H., Goheen, J.R., 2021a. Causes,
consequences, and conservation of ungulate migration. Annu. Rev. Ecol. Evol. Syst. 52, 453-478. https://doi.org/10.1146/annurev-ecolsys-012021-011516.

Kauffman, M.J., Cagnacci, F., Chamaillé-Jammes, S., Hebblewhite, M., Hopcraft, J.G.C., Merkle, J.A., Mueller, T., Mysterud, A., Peters, W., Roettger, C.,
Steingisser, A., Meacham, J.E., Abera, K., Adamczewski, J., Aikens, E.O., Vynne, C., Bartlam-Brooks, H., Bennitt, E., Berger, J., Boyd, C., Coté, S.D., Debeffe, L.,
Dejid, N., Donadio, E., Dziba, L., Fagan, W.F., Fischer, C., Focardi, S., Fryxell, J., Fynn, R.W.S., Geremia, C., Gonzdlez, B.A., Gunn, A., Gurarie, E., Heurich, M.,
Hilty, J., Hurley, M., Johnson, A., Joly, K., Kaczensky, P., Kendall, C.J., Kochkarev, P., Kolpaschikov, L., Kowalczyk, R., van Langevelde, F., Li, B., Lobora, A.L.,
Loison, A., Madiri, T.H., Mallon, D., Marchand, P., Medellin, R.A., Meisingset, E., Merrill, E., Middleton, A.D., Monteith, K.L., Morjan, M., Morrison, T.A.,
Mumme, S., Naidoo, R., Novaro, A., Ogutu, J.O., Olson, K.A., Oteng-Yeboah, A., Ovejero, R.J.A., Owen-Smith, N., Paasivaara, A., Packer, C., Panchenko, D.,
Pedrotti, L., Plumptre, A., Rolandsen, C.M., Said, S., Salemgareyev, A., Savchenko, A., Savchenko, P., Sawyer, H., Selebatso, M., Skroch, M., Solberg, E.,

12


https://doi.org/10.3724/SP.J.1003.2014.13266
https://doi.org/10.17520/biods.2020089
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref3
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref4
https://doi.org/10.1111/1365-2664.12825
https://doi.org/10.1017/S0030605316000417
https://doi.org/10.1016/j.biocon.2016.09.013
https://doi.org/10.5846/stxb202004010773
http://qikan.cqvip.com/Qikan/Article/Detail?id=31726603
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref9
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref9
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref10
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref10
https://www.cnki.com.cn/Article/CJFDTotal-BEAR198502012.htm
https://doi.org/10.11821/xb200205008
https://doi.org/10.3724/SP.J.1003.2009.09001
https://doi.org/10.1038/srep44200
https://doi.org/10.1111/conl.12076
https://doi.org/10.1111/conl.12076
https://www.jstor.org/stable/2386720
https://doi.org/10.1146/annurev.ecolsys.29.1.207
https://doi.org/10.1146/annurev.ecolsys.29.1.207
https://doi.org/10.13866/j.azr.1987.03.006
https://doi.org/10.16829/j.slxb.1989.04.005
https://doi.org/10.13866/j.azr.2002.04.019
https://doi.org/10.13866/j.azr.2002.04.019
https://doi.org/10.13866/j.azr.2003.01.008
https://doi.org/10.1016/S1005-8885(07)60162-9
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref23
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref23
https://doi.org/10.5814/j.issn.1674-764x.2021.01.010
https://doi.org/10.1007/BF02865004
https://doi.org/10.1093/nsr/nwab042
https://doi.org/10.1093/nsr/nwab042
https://doi.org/10.1111/j.1523-1739.2005.004364.x
https://doi.org/10.1016/j.trd.2016.11.006
https://doi.org/10.3390/ani10050867
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref30
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref30
https://doi.org/10.1371/journal.pone.0028057
https://doi.org/10.1016/j.biocon.2010.12.013
https://doi.org/10.2305/IUCN.UK.2015-4.RLTS.T7951A45171204.en
https://doi.org/10.1146/annurev-ecolsys-012021-011516

W. Xu et al. Global Ecology and Conservation 37 (2022) ¢02156

Stabach, J.A., Strand, O., Suitor, M.J., Tachiki, Y., Trainor, A., Tshipa, A., Virani, M.Z., Ward, S., Wittemyer, G., Xu, W., Zuther, S., 2021b. Mapping out a future
for ungulate migrations. Science 372 (6542), 566-569. https://doi.org/10.1126/science.abf0998.

Kempf, M., 2021. Monitoring landcover change and desertification processes in northern China and Mongolia using historical written sources and vegetation indices.
Climate of the past - Discussions. (https://doi.org/10.5194/cp-2021-5).

Li, C., Jiang, Z., Zhou, J., Zeng, Y., 2002. Distribution, numbers and conservation of Mongolian Wild Ass (Equus hemionus hemionus) in West Inner Mongolia. In: Acta
Theriol. Sin., 22, pp. 1-6. DOI : CNKI:SUN:SLXX.0.2002-01-000 (In Chinese).

Li, L., Wang, Y., Guan, L., Zhu, G., Li, N., Kong, Y., Zhu, H., 2019. Monitoring of wildlife crossing structures along Beijing-Xinjiang expressway (Linbai section).
Sichuan J. Zool. 38 (1), 92-98. https://doi.org/10.11984/].issn.1000-7083.201802.37.

Li, S., Zhang, X., Shi, J., Dong, S., Gao, X., 2018. Effects of highway from Inner Mongolia to Xinjiang on habitat suitability of ungulates inAlashan desert. Chinese.
J. Ecol. 37 (1), 103-110. https://doi.org/10.13292/7.1000-4890.201801.023.

Liang, G.D., 1982. Kalamaili Nature Reserve has been established in Xinjiang. Chin. J. Wildl. (4), 67. https://doi.org/10.19711/j.cnki.issn2310-1490.1982.04.030.

Liang, S.Z., 1989. Investigation report on wildlife resources in western Inner Mongolia. Inn. Mong. For. Investig. Des. (2), 30-33.

Lin, J., Xu, W., Yang, W., Liu, W., Xia, C., Xu, F., et al., 2011. Present situation of eco-biological study on Equus hemionus. Chin. J. Ecology 31 (10), 2351-2358.
https://doi.org/10.13292/j.1000-4890.2011.0316.

Lin, J., Xu, W., Yang, W., Xia, C., Liu, W., 2012. Habitat suitability assessment of Equus hemionus hemionus in Kalamaili Mountain Nature Reserve. Biodivers. Sci. 20
(4), 411-419. https://doi.org/10.3724/5P.J.1003.2012.09219.

Linnell, J.D., Trouwborst, A., Boitani, L., Kaczensky, P., Huber, D., Reljic, S., Kusak, J., Majic, A., Skrbinsek, T., Potocnik, H., Hayward, M.W., Milner-Gulland, E.J.,
Buuveibaatar, B., Olson, K.A., Badamjav, L., Bischof, R., Zuther, S., Breitenmoser, U., 2016. Border security fencing and wildlife: the end of the transboundary
paradigm in Eurasia? PLoS Biol. 14, e1002483 https://doi.org/10.1371/journal.pbio.1002483.

Liu, K., Gong, D., Zhao, H., Li, X., Li, W., Chen, Z., 2017. Fauna and species diversity of wild vertebrates in Mazongshan, Gansu. J. Arid Land Resour. Environ. 31 (8),
187-191. https://doi.org/10.13448/j.cnki.jalre.2017.267.

Olson, D.M., Dinerstein, E., Wikramanayake, E.D., Burgess, N.D., Powell, G.V.N., Underwood, E.C., D’amico, J.A., Itoua, L., Strand, H.E., Morrison, J.C., Loucks, C.J.,
Allnutt, T.F., Ricketts, T.H., Kura, Y., Lamoreux, J.F., Wettengel, W.W., Hedao, P., Kassem, K.R., 2001. Terrestrial Ecoregions of the World: A New Map of Life on
Earth: a new global map of terrestrial ecoregions provides an innovative tool for conserving biodiversity. BioScience 51 (11), 933-938. https://doi.org/10.1641/
0006-3568(2001)051[0933:TEOTWA]2.0.CO;2.

Peng, X., 2012. Effect of the east Junggar coal-electricity and coal-chemical industry development on Equus hemionus in Kalamaili Mountain. Environ. Prot. Xinjiang
34 (4), 37-41. https://doi.org/10.3969/].issn.1008-2301.2012.04.009.

Peng, X., 2015. The current status and protection of Asiatic wild ass (Equus hemionus) at Kalamailishan Nature Reserve. Chin. J. Wildl. 36 (2), 162-165. https://doi.
org/10.19711/j.cnki.issn2310-1490.2015.02.006.

Pfeiffer, M., Dulamsuren, C., Jaschke, Y., Wesche, K., 2018. Grasslands of China and Mongolia: spatial extent, land use and conservation. In: Squires, V.R., Dengler, J.,
Feng, H., Hua, L. (Eds.), Grasslands of the World: Diversity, Management and Conservation. CRC Press, Boca Raton, US, pp. 167-196.

Reading, R.P., Henry, M., Lhagvasuren, B., Feh, C., Kane, D.P., Dulamtseren, S., Enkhbold, S., 2001. Status and distribution of khulan (Equus hemionus) in Mongolia.
J. Zool. 254 (3), 381-389.

Shaw, T.H., Chao, K.T., 1957. Domestic horse, wild horse and wild ass. Bull. Biol. (8), 18-21. DOI: CNKI:SUN:SWXT.0.1957-08-007 (In Chinese).

Si, D., 2004. Rare wildlife in the Gobi region - Camelus ferus, Capra sibirica and Equus hemionus in Mazongshan region. For. Gansu (3), 38-39. DOI: CNKI:SUN:
GSLY.0.2004-03-018 (In Chinese).

Sonter, Laura J., Dade, Marie C., Watson, James E.M., Valenta, Rick K., et al., 2020. Renewable energy production will exacerbate mining threats to biodiversity. Nat.
Commun. 11 (1), 4174 https://doi.org/10.1038/541467-020-17928-5.

Thomas, L., Buckland, S.T., Rexstad, E.A., Laake, J.L., Strindberg, S., Hedley, S.L., Bishop, J.R.B., Marques, T.A., Burnham, K.P., 2010. Distance software: design and
analysis of distance sampling surveys for estimating population size. J. Appl. Ecol. 47 (1), 5-14. https://doi.org/10.1111/j.1365-2664.2009.01737.x.

Trouwborst, A., Fleurke, F., Dubruelle, J., 2016. Border fences and their impacts on large carnivores, large herbivores and biodiversity: an international wildlife law
perspective. Rev. Eur. Community Int. Environ. Law 25 (3), 291-306. https://doi.org/10.1111/reel.12169.

Wang, D.H., 1993. Population survey of wildlife in the Mt. Kalamaili Ungulate Nature Reserve. Environ. Prot. Xinjiang 15 (2), 35-36. DOI: CNKI:SUN:XJHB.0.1993-
02-006 (In Chinese).

Wang, M.Y., Ruckstuhl, K.E., Xu, W.X., Blank, D., Yang, W.K., 2016. Human activity dampens the benefits of group size on vigilance in Khulan (Equus hemionus) in
western China. PLoS One 11 (1), e0146725. https://doi.org/10.1371/journal.pone.0146725.

Wang, T., Fang, R., Chen, F., Min, Z., Luo, S., Zhou, H., 1983. Animal resources in Altai-Beita Mountains, Xinjiang. Chin. J. Wildl. 3, 53-55. https://doi.org/10.19711/
j.cnki.issn2310-1490.1983.03.022.

Wang, X., Schaller, G.B., 1996. Status of large mammals in western Inner Mongolia, China. J. East China Norm. Univ. (Nat. Sci. ) 12 (6), 93-104.

Wei, F., Ping, X., Hu, Y., Nie, Y., Zeng, Y., Huang, G., 2021. Main achievements, challenges, and recommendations of biodiversity conservation in China. Bull. Chin.
Acad. Sci. 36 (4), 375-383. https://doi.org/10.16418/j.issn.1000-3045.20210305001.

Xia, C., Cao, J., Zhang, H., Gao, X., Yang, W., Blank, D., 2014. Reintroduction of Przewalski's horse (Equus ferus przewalskii) in Xinjiang, China: the status and
experience. Biol. Conserv. 177, 142-147. https://doi.org/10.1016/j.biocon.2014.06.021.

Xing, L., Yang, G., 1982. Preliminary analysis of mammalian fauna in the desert area of northern Langshan, Inner Mongolia. Chin. J. Zool. 1, 16-18. DOI: CNKI:SUN:
BIRD.0.1982-01-003 (In Chinese).

Xu, K.F., Ren, Z.G., Gao, X.Y., 1997. Resource and status of khulan and goitred gazelle in Mt. Kalamaili Nature Reserve. Arid Zone Res. 14 (Suppl), 17-22.

Xu, W., 2012. Study on Population Ecology of the Khulan (Equus hemionus hemionus) (Ph.D. dissertation). Chinese Academy of Sciences, Beijing.

Xu, W., Xia, C., Yang, W., Blank, D.A., Qiao, J., Liu, W., 2012. Seasonal diet of Khulan (Equidae) in Northern Xinjiang, China. Ital. J. Zool. 79 (1), 92-99. https://doi.
org/10.1080/11250003.2011.620635.

Yang, M., Zhou, J., Zeng, Y., Sun, M., 2021. Main progress of biodiversity conservation in China and some suggestions for further work. Bull. Chin. Acad. Sci. 36 (4),
399-408. https://doi.org/10.16418/j.issn.1000-3045.20210304001.

Yang, W., 2007. An overview of the state of Equus hemionus in whole China. Explor. Biol. Resour. Mong. 10, 155-158. (https://digitalcommons.unl.edu/biolmongol/
82/).

Yang, W., Xu, W., Xia, C., Liu, W., Gao, X., 2016. Wildlife and local community investigation in trans-boundary area between China-Mongolia borders. Explor. Biol.
Resour. Mong. 13, 461-472. (https://digitalcommons.unl.edu/biolmongol/177/).

You, Z.Q., Jiang, Z.G., Li, C.W., Mallon, D., 2013. Impacts of grassland fence on the behavior and habitat area of the critically endangered Przewalski’s gazelle around
the Qinghai Lake. Chin. Sci. Bull. 58 (18), 2262-2268. https://doi.org/10.1007/s11434-013-5844-9.

Zhang, H., Zhang, Y., Zhang, Y., Yan, P., 2021. Main plant communities and characteristics of Desert Grassland Nature Reserve in Qitai, Xinjiang, China. Chin. J. Plant
Ecol. 45 (8), 918-924. https://doi.org/10.17521 /cjpe.2020.0333.

Zhang, J., Liu, N., Huang, Z., Zhang, L., 2008. Mammalian fauna of Anxi extra-arid desert national nature reserve. Sichuan J. Zool. 27 (2), 263-265. DOI: CNKI:SUN:
SCDW.0.2008-02-033 (In Chinese).

Yue, Jianbing, Hu, Defu, Peng, Xiangqian, Gao, Erhu, Zhao, Jiali, et al., 2008. The number and distribution of Asiatic Wild Ass in Kalamaili Mountain Ungulate Nature
Reserve, Xinjiang. Forest Resour. Manag. (5).

Zhang, X., Guo, F., Peng, A., Dong, S., Chen, D., Wen, L., 2019. Monitoring of wildlife crossings in section of Hatengtaohai nature reserve along Beijing-Xinjiang
expressway. Chin. J. Wildl. 40 (4), 848-854. DOI: 10.19711/j.cnki.issn2310-1490.2019.04.005 (In Chinese).

Zhang, X., Shao, C., Ge, Y., Chen, C., Xu, W., Yang, W., 2020. Suitable summer habitat of the Khulan in the Mt. Kalamaili Ungulate Nature Reserve and estimation of
its population. Chin. J. Appl. Ecol. 31 (9), 2993-3004. https://doi.org/10.13287/j.1001-9332.202009.032.

Zhao, Z., He, Y., Yang, P., Li, Q., Jin, C., Jia, S., Yang, X., Sun, X., Gu, Z., Wang, J., Zhang, W., Guo, J., Chai, Y., Ze, D., Na, B., 2011. Investigation on wild animal
resource in Sunan and Subei counties. Acta Pratacult. Sin. 20 (2), 67-75. https://doi.org/10.11686/cyxb20110208.

13


https://doi.org/10.1126/science.abf0998
https://doi.org/10.5194/cp-2021-5
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref35
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref35
https://doi.org/10.11984/j.issn.1000-7083.20180237
https://doi.org/10.13292/j.1000-4890.201801.023
https://doi.org/10.19711/j.cnki.issn2310-1490.1982.04.030
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref39
https://doi.org/10.13292/j.1000-4890.2011.0316
https://doi.org/10.3724/SP.J.1003.2012.09219
https://doi.org/10.1371/journal.pbio.1002483
https://doi.org/10.13448/j.cnki.jalre.2017.267
https://doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2
https://doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2
https://doi.org/10.3969/j.issn.1008-2301.2012.04.009
https://doi.org/10.19711/j.cnki.issn2310-1490.2015.02.006
https://doi.org/10.19711/j.cnki.issn2310-1490.2015.02.006
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref47
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref47
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref48
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref48
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref49
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref50
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref50
https://doi.org/10.1038/s41467-020-17928-5
https://doi.org/10.1111/j.1365-2664.2009.01737.x
https://doi.org/10.1111/reel.12169
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref54
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref54
https://doi.org/10.1371/journal.pone.0146725
https://doi.org/10.19711/j.cnki.issn2310-1490.1983.03.022
https://doi.org/10.19711/j.cnki.issn2310-1490.1983.03.022
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref57
https://doi.org/10.16418/j.issn.1000-3045.20210305001
https://doi.org/10.1016/j.biocon.2014.06.021
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref60
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref60
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref61
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref62
https://doi.org/10.1080/11250003.2011.620635
https://doi.org/10.1080/11250003.2011.620635
https://doi.org/10.16418/j.issn.1000-3045.20210304001
https://digitalcommons.unl.edu/biolmongol/82/
https://digitalcommons.unl.edu/biolmongol/82/
https://digitalcommons.unl.edu/biolmongol/177/
https://doi.org/10.1007/s11434-013-5844-9
https://doi.org/10.17521/cjpe.2020.0333
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref69
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref69
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref70
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref70
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref71
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref71
https://doi.org/10.13287/j.1001-9332.202009.032
https://doi.org/10.11686/cyxb20110208

W. Xu et al. Global Ecology and Conservation 37 (2022) e02156

Zhao, H., 2016. Study on the Diversity of Wildlife in Mazongshan Area, Gansu Province (M.S. Thesis Dissertation). Northwest Normal University, Lanzhou.

Zhao, Y., Jin, K., 2019. Preliminary analysis on the summer habitat selection of Mongolia subspecies of Goitred gazelle in Wulate, Inner Mongolia of northern China.
J. Beijing For. Univ. 41 (3), 115-123. DOI: CNKI:SUN:BJLY.0.2019-03-012 (In Chinese).

Zheng, C.L., 1998. Equus hemionus. In: Wang, S. (Ed.), China Red Data Book of Endangered Animals: Mammalia. Science Press, Beijing, pp. 215-217 (In Chinese).

Zheng, S.W., Gao, X.Y., 2000. Status of wild ass in China. Biodivers. Sci. 8 (1), 81-87. https://doi.org/10.3321/j.issn:1005-0094.2000.01.011.

Zheng, S.W., Shao, M.M., 1994. A Checklist of Rare and Endangered Animals in Northwest of China. China Forestry Publishing House, Beijing.

14


http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref74
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref75
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref75
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref76
https://doi.org/10.3321/j.issn:1005-0094.2000.01.011
http://refhub.elsevier.com/S2351-9894(22)00158-5/sbref78

	Current status and future challenges for khulan (Equus hemionus) conservation in China
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 Study area
	2.2 Methods
	2.2.1 Literature review for khulan occurrence in China
	2.2.2 Field and interview surveys for khulan occurrence in Xinjiang
	2.2.3 Population estimation in Xinjiang


	3 Results
	3.1 Status of khulan in northern China
	3.1.1 Xinjiang
	3.1.1.1 KNR
	3.1.1.2 Outside KNR

	3.1.2 Gansu
	3.1.3 Inner Mongolia
	3.1.4 Current range and population estimation in China

	3.2 Factors influencing khulan habitat use in KNR

	4 Discussion
	4.1 Status of khulan in China
	4.2 Threats
	4.2.1 Over-hunting
	4.2.2 Habitat fragmentation
	4.2.3 Habitat loss
	4.2.4 Competition with livestock

	4.3 Management recommendations

	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supporting information
	References


