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Asiatic wild ass, or kulan (Equus hemionus kulan) were once a key species of the Eurasian
steppes and deserts. In Kazakhstan they went extinct by the 1930s. Early reintroductions
have reestablished the species in two protected areas, but the species has reclaimed
<1% of their former range and remained absent from central Kazakhstan. To initiate
restoration in this vast region, we captured and transported a first group of nine wild kulan
to a large pre-release enclosure in the Torgai region in 2017, and two more in 2019. We
used direct observations and post-release movement data of four kulan equipped with
GPS-Iridium collars to document their adaptation process in a vast novel habitat without
conspecifics. For comparison with movements in the source populations, we additionally
equipped two kulan in Altyn Emel National Park and six in Barsa Kelmes State Nature
Reserve. The nine transported kulan formed a cohesive group with very high movement
correlation in the enclosure. After release, the group initially stayed tightly together but
started to break up by mid-May and all kulan travelled independently by mid-August.
With 48,680-136,953 km?, the 95% Autocorrelated Kernel Density Estimation ranges
of the reintroduced kulan were huge and about 10-100 times larger than those in the
source populations. The reintroduced mares never reconnected, there was no evidence
of successful reproduction, and two of the four collared mares were killed by poachers
and one died of natural causes. At least one stallion survived in the wild, but the fate of the
other uncollared animals remains unclear. We speculate that the fission-fusion dynamics
and low movement correlation of kulan societies and the need for migratory movements
harbours the risk that animals released into a novel environment loose contact with
each other. This risk is likely enhanced in steppe habitats where movement constraining
factors are absent. Further kulan reintroductions to the steppes and deserts of central
Kazakhstan should aim to release larger groups and build up the free-ranging population
quickly to reach a critical mass, increasing the chance of kulan encountering conspecifics
to successfully breed and increase their chances of survival.

Keywords: Equus hemionus kulan, kulan, Kazakhstan, reintroduction, social cohesion, soft release, post-release
movement
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INTRODUCTION

Old-growth steppe ecosystems store large amounts of carbon
and support a great diversity of plant and animal taxa (T6rok
et al., 2016; Wesche et al., 2016; Nerlekar and Veldman, 2020),
including a diversity of charismatic ungulates, many of which
are migratory (Kauffman et al., 2021). However, land conversion,
degradation, and fragmentation has made temperate grasslands
one of the most endangered terrestrial biomes. Most of the
remaining near-natural grasslands are found in Central Asia,
especially in Kazakhstan (Kamp et al., 2016). With the dissolution
of the Soviet Union, Kazakhstan experienced dramatic socio-
economic changes. While some of these changes have been
negative for species conservation (e.g., through the breakdown of
management structures that prevented overhunting or controlled
poaching; (Milner-Gulland et al., 2003), others, such as large scale
rural-urban migration of the human population, have created
new opportunities for landscape-level biodiversity conservation
and species recovery (Baumann et al., 2020; Freitag et al., 2021).

Large herbivores are important species for the functioning
of steppe ecosystems but require large areas to accommodate
their seasonal movements (Kauffman et al., 2021). Asiatic wild
ass, or kulan (Equus hemionous), were once a key species in the
assemblage of large herbivores [along with saiga antelope (Saiga
tatarica), several gazelle species and Przewalski’s horses (Equus
ferus przewaskii)] that ranged the Eurasian steppes and deserts,
stretching from the eastern shores of the Mediterranean to
China (Bennett et al., 2017). Overhunting and habitat conversion
decimated their populations and today they are only found on
less than 3% of their historic global distribution range. While it
is still possible to see large herds of kulan (E. h. hemionus) in the
Gobi Desert of Mongolia (Buuveibaatar et al., 2017), the species
only persists in small, isolated fragments in the rest of Central
Asia. Consequently, the Central Asian subspecies or ecotypes (E.
h. kulan and E. h. onager) are listed as Endangered on the IUCN
Red List (Kaczensky et al., 2015).

In Kazakhstan, kulan became extinct in the 1930s, but
reintroduction initiatives already started in the early 1950s.
Today, kulan are again found in two separate locations, in
Barsa Kelmes State Nature Reserve (SNR) in south-western
Kazakhstan and in Altyn Emel National Park (NP) in south-
eastern Kazakhstan. Two additional reintroduction attempts at
different localities (Akatau-Buzachy and Andassay Sanctuary)
were not successful (Kaczensky et al., 2016). With an estimated
500 and 3,000 kulan in Barsa Kelmes SNR and Altyn Emel
NP respectively, Kazakhstan has become the most important
stronghold for this endangered subspecies/ecotype of the Asiatic
wild ass (Kaczensky et al., 2018a). Nevertheless, kulan have only
reclaimed a tiny fraction of their former range in Kazakhstan and
remain absent from the vast steppe and desert regions of central
Kazakhstan, so that plans for further kulan reintroductions have
been ongoing for decades.

The early reintroduction of kulan to Barsa Kelmes island was
well documented (Rashek, 1966; Bannikov, 1981). Subsequent
reintroductions, which lacked the confining borders of an island,
were less well documented and radio collars were not used on
kulan in Kazakhstan. Hence, there is very limited understanding
of the factors which lead to the success of a kulan reintroduction

(Kaczensky et al., 2016). There is also a total lack of baseline
data on kulan movements and range sizes from Kazakhstan
against which to evaluate the movements of translocated kulan.
Historic observations from central Kazakhstan suggest that kulan
migrated between the steppe regions in the north in spring and
the desert-steppe regions in the south in fall (Bannikov, 1981,
Bekenov and Fadeev, 1984). The same movement strategy is still
employed by the Betpak-Dala saiga population to track greenery
in summer and avoiding deep snow in winter (Bekenov et al.,
1998; CMS, 2019).

In Mongolia range sizes of kulan are huge, and animals move
in a nomadic fashion, travelling cumulative annual distances
of 6,000-7,000km and roaming over areas of 7,000-70,000
km?, which makes them one of the most mobile terrestrial
mammal species (Kaczensky et al., 2011a; Tucker et al., 2018;
Joly et al., 2019; Nandintsetseg et al., 2019). The large scale-
movements of kulan make them particularly vulnerable to habitat
fragmentation and linear infrastructure with high traffic volume
or fences constitute serious barriers to their movements (Linnell
et al., 2016; CMS, 2020). Other factors known to negatively
influence kulan range use are human activities (Buuveibaatar
et al., 2016), and steep terrain (Kaczensky et al., 2011a). Kulan
live in fission-fusion groups of frequently changing membership
(Rubenstein et al., 2015; Renan et al., 2018) and individual kulan
seem to show little overall movement coordination (Calabrese
et al,, 2018). However, kulan movements are strongly influenced
by their need to access water, restricting pasture use to within
commuting distances of waterpoints, but also resulting in kulan
converging at these localities (Nandintsetseg et al., 2016; Payne
et al., 2020) facilitating fission-fusion group dynamics and
potentially allowing for social learning, including movement
strategies (Brakes et al., 2021).

Little data is available on individual post-release movements
of reintroduced kulan, but experiences with other large mammals
suggest that “soft release” helps create social bonds and reduces
the likelihood of homing and large-scale exploratory movements
(Mertes et al., 2019; Resende et al., 2021) in line with natal
habitat preference induction (NHPI, Stamps and Swaisgood,
2007). Captive-bred kulan reintroduced in Israel following a soft
release approach, initially settled in a ca. 200 km? area close to the
release site where water and good food were available, although
bachelor males were observed as far as 70 km away (Saltz et al,,
2000). However, reintroduced kulan in Israel seem to generally
have small home ranges closely associated with artificial water
points (Giotto et al., 2015) and more cohesive societies due to the
scarcity of resources (Rubenstein et al., 2007).

Reintroducing ungulates into habitats where they showed
migratory movement in the past - as kulan did along the
steppe to desert gradient in central Kazakhstan - is even
more challenging as there is a lack of understanding if, under
what circumstances, and how quickly migratory or far-ranging
behaviour can be restored with naive animals (Kauffman et al.,
2021, in press). Evidence from bighorn sheep reintroductions in
North America suggest that learning and cultural transmission
are the key mechanisms behind their migratory behaviour and
it took generations for reintroduced populations to resume this
behaviour (Jesmer et al., 2018). Hence, movement behaviour in
the early stage of a reintroduction may not yet reflect the original
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and most adaptive movement behaviour, potentially also because
reintroduced animals may initially key in on cues from their natal
range rather than track seasonal food availability (Stamps and
Swaisgood, 2007).

The Altyn Dala Conservation Initiative aims to conserve
and recover nationally and internationally important flagship
species and their habitats in the steppe and semi desert zones
of Kazakhstan (Zuther et al., 2018). Although the main focus
has been on the conservation of the autochthonous saiga
populations, the initiative also aims to reintroduce kulan and
Przewalski’s horse to re-establish the original large ungulate
assemblage along the steppe, desert steppe, and desert habitats of
Kazakhstan, particularly along the steppe to desert gradient south
of Torgai (subsequently referred to “Torgai region”) (Kaczensky,
2011).

The three-year pilot phase of the kulan reintroduction
anticipated the transport of 16-18 kulan per year in 2017, 2018,
and 2019 using a large transport helicopter to quickly build up a
breeding population (Kaczensky et al., 2017). However, we were
met by a series of logistical problems which in the end only
allowed us to airlift nine wild captured kulan from Altyn Emel
NP in October 2017 and transport two additional wild captured
kulan by truck from Barsa Kelmes in October 2019 (Kaczensky
etal., 2018b, 2020). The first group of kulan transported in 2017,
was kept in a large pre-release enclosure in the Torgai region over
the winter and was released in April 2018, while the two kulan
from Barsa Kelmes have remained in the enclosure since arrival
in 2019.

To document the fate of the first group of reintroduced
kulan and inform future translocations to the Torgai region,
we analysed the movement data of reintroduced kulan and
compared it with those of kulan in the two source populations.
We expected reintroduced kulan to:

(1) Show a fission-fusion group dynamics and low movement
coordination, but re-connection of animals in places they
had previously explored together or in the vicinity of the
pre-release area.

(2) Show exploratory movements followed by establishing a
movement routine and decreasing proportions of new
areas visited.

(3) Show the following movement characteristics:

e Initially, show movements similar to those in the source
populations, especially given the abundance of pasture and
water at the release site.

e  Over time, re-establish migratory behaviour as described for
historic kulan or seen in the Betpak-Dala saiga population.

e Be constrained in their movements by topography, rivers,
linear infrastructure and human presence.

MATERIALS AND METHODS

Study Areas

Torgai Region

The Torgai region is located in central Kazakhstan in the south
part of the Kostanay province. The release site with the 55-ha pre-
release enclosure is located at the abandoned village of Alibi on

the Uly-Zhylanshyk river about 80 km southeast of the town of
Torgai. Alibi is strategically located in the Torgai region within
a ca. 40,000 km? network of protected areas (Altyn Dala and
Irgiz-Torgai SNR), ecological corridors, and two hunting areas
managed for conservation (Figure 1).

The climate is strongly continental with hot summers and
cold winters, the average annual temperature is 7°C, annual
precipitation averages 200 mm and is relatively evenly distributed
throughout the year, with slight peaks in spring and fall/winter.
About 25% of the precipitation falls as snow, with snow cover
lasting on average from December through March and reaching
up to 20 cm but varying considerably among years (from 7 to
30 cm; all climate data from the meteorological station in Torgai).

The Torgai region is located at the transition zone between
the steppe and the semi-desert zone. Geologically it is part of
the Torgai basin, which stretches towards the Aral Sea basin in
the south. The terrain is flat, and elevations rarely exceed 200 m.
Two larger perennial rivers flow through the area; the Torgai
river in the north and the Uly-Zhylanshyk river in the centre.
There are also several permanent large lakes, a multitude of small
ones, and many artificial ponds which were created as livestock
watering places during the Soviet era (and most of which retain
water year-round).

There is a clear north-south gradient in precipitation
and pasture productivity. While in the north steppe plant
communities dominate, there is a gradual shift towards desert
communities, typical for semi-desert and desert vegetation,
towards the south. The vegetation cover in the area is not
homogeneous, and in many places sharp boundaries between
vegetation communities can be found, caused by the meso- and
microrelief in combination with varying soil conditions and the
influence of wildfires. The richest vegetation communities are
along the Uly-Zhylanshyk river valley.

Human population density in the region is extremely low,
ranging from 0.05 to 0.32 inhabitants/km? and is declining.
Many settlements have become abandoned (Lenk, 2008). No
major roads cross the Torgai region, but a new, unfenced, single-
track railway (Zhezkazgan-Saksaulskiy corridor) was built in
2013-2014 near the southern edge and has been operational since
2015 (Olson, 2014).

The Torgai region is an important core habitat for the Betpak
Dala saiga apopulation, which is currently recovering after a
Pasteurella multocida induced mass-die off in 2015 (Kock et al.,
2018). Other large mammals found in the Torgai region include
Siberian roe deer (Capreolus pygargus), wild boar (Sus scrofa), and
grey wolf (Canis lupus).

Altyn Emel

Altyn Emel NP is located in south-eastern Kazakhstan in Almaty
province. The NP was established in 1996 and covers 5,700 km?.
Its southern boundary is the Illy river and the Kapchagai reservoir
and its northern boundary is made up of the Sholak mountains,
a spur of the Dzungarian Alatau mountain range. Elevations
range from 470 to 2,900 m, the average annual temperature on
the plains is 8°C and average annual precipitation is 370 mm
with peaks in May and October. The habitat in the plains is
characterised by semi-desert and desert vegetation dominated by
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FIGURE 1 | Study areas of kulan in Kazakhstan. Nine kulan were reintroduced to the Torgai region in central Kazakhstan from Altyn Emel National Park (NP) in 2017
and two kulan from Barsa Kelmes State Nature Reserve (SNR) in 2019. Photo: Daniel Rosengren, Frankfurt Zoological Society.

‘Almaty

shrubs and semi-shrubs. The NP is subdivided by a central valley
with irrigation agriculture and a string of small villages. The
eastern part is extremely dry with only minimal water sources.
The western part has several oases on the plains and springs in
the foothills of the Sholak mountains. The Ily river is flanked by
large reed beds, but the shore of the Kapchagai reservoir allows
relatively easy and open access to the water for plains ungulates
(Figure 1; Supplementary Figure 5).

Kulan were reintroduced to Altyn Emel NP from 1982-1994
with 32 founders coming from the reintroduced population on
Barsa Kelmes island in the Aral Sea (Kaczensky et al., 2018a).
Besides kulan, the large ungulate community consists of goitered
gazelle (Gazella subgutturosa), wild boar, a few Przewalski’s horse
(from a failed reintroduction) and grey wolf on the plains, and
Siberian ibex (Capra sibirica), argali (Ovis ammon), and snow
leopard (Panthera uncia) in the mountains. The kulan population
is estimated to number ca. 3,000 animals (Kaczensky et al,
2018a).

Barsa Kelmes
Barsa Kelmes SNR is located in Kyzylorda province in south-
western Kazakhstan. It used to be a 133 km? island in the Aral

Sea, established as a wildlife refuge in 1939. In the early 1950s,
wild kulan from Badhyz, in south-eastern Turkmenistan, saiga
antelopes and goitered gazelles were released on the island. In the
1980s, the water level of the Aral Sea started to drop rapidly, and
salinity increased dramatically (Edelstein et al., 2012). Without
access to suitable drinking water, kulan started to leave the island
and found a new home in and around Kaskakulan, another
former island with three man-made artesian springs. In 2006,
the SNR was expanded to its current size of 1,601 km? which
includes Kaskakulan and the surrounding area. The SNR includes
no human inhabitation and is only accessible via unmaintained
dirt roads.

Elevations range from 35 to 108m, average annual
temperature is 9°C and average annual precipitation is 132 mm
with peaks in April and October-December. Vegetation is
dominated by desert shrub vegetation, but also includes parts
of the former seabed largely devoid of vegetation or covered
by sand (Dimeyeva et al., 2012). Water is extremely scarce and
largely limited to the artesian springs on Kaskakulan. Towards
the west and north, outside the SNR, there are several lakes and
irrigation channels, but these areas are also used by livestock
herders, primarily for free-ranging domestic horses and cattle
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(Figure 1; Supplementary Figure 6). Besides kulan, the large
mammal community consists of small populations of goitered
gazelle, wild boar, saiga antelope, and grey wolf. The kulan
population was estimated at ca. 500 animals (Kaczensky et al.,
2018a).

Capture, Collaring, and Transport of Kulan
Kulan were captured by chasing them into large capture corrals
at night using several jeeps and strong hand-held lights to
guide their movements following methods described in Levanov
et al. (2013) or by darting them with a CO,-powered rifle
from a pursuing jeep as described by Walzer et al. (2007); for
further capture details see Kaczensky et al. (2018b, 2020). Kulan
were anaesthetised for collaring and loading into the transport
boxes with Etorphine in combination with Butorphanol and
Detomidine as described in Walzer (2014).

The overall health status and condition of the animals
were assessed visually and based on blood chemistry values
(Gerritsmann et al., 2016) and leucocyte coping capacity [LCC;
a proxy for stress (Huber et al., 2019)] obtained on-site with
a portable VetScan® (VS2, Abaxis) on equine settings (Equine
Profile Plus) and a high sensitivity chemiluminometer (Junior
LB 9509, Berthold Technologies, Germany) respectively. During
anaesthesia, all kulan were marked with coloured ear tags
and fully grown adult kulan were equipped with GPS satellite
collars (Vertex Lite or Vertex Plus, Vectronics Aerospace, Berlin,
Germany; Supplementary Table 1). Kulan selected for transport
also received long-acting neuroleptics (LANs; a mixture of
Haloperidol and Perphenazine-decanoate) to keep them calm
and stable during transport and in the initial release phase into
the pre-release enclosure (Walzer, 2014).

In October 2017, the first group of nine wild kulan (four
adult mares, four foals, one subadult stallion) were captured
and airlifted by helicopter over 1300 km from Altyn Emel NP
to a 55-ha pre-release enclosure at Alibi in the Torgai region
(Figure 1), where they were held for 5 months over the winter
until release in early April 2018 (Kaczensky et al., 2018b; Gliga
et al., 2020). In 2019, two additional wild kulan (one adult mare,
one subadult stallion) were successfully transported via truck
over 850 km from Barsa Kelmes SNR to the pre-release enclosure
(Figure 1; Supplementary Table 1; Kaczensky et al., 2020). In
the pre-release enclosure, body condition and behaviour were
observed twice a day. From late fall to early spring, kulan were
provided with hay, and water in troughs during periods when the
oxbow lake in the enclosure was frozen and there was no snow on
the ground (Gliga et al., 2020).

With only 11 kulan transported 2017-2019, we fell short of
the original plan to transport 16-18 kulan per year. Logistical
problems during capture in 2017 resulted in the transport of only
a small number of the kulan captured (Kaczensky et al., 2018a). A
five-fold increase of the price for the transport helicopter in 2018
forced us to aim for a mixed truck-aeroplane-truck transport
the following year, which only allowed for a narrow transport
window, which we failed to meet because drought conditions
made kulan capture in Altyn Emel NP very challenging. In 2019,
we aimed for a truck transport from Barsa Kelmes SNR, which
is much closer than Altyn Emel NP, but capture was hindered

by issues with the capture corral and the treacherous terrain on
the former Aral Sea seabed. Furthermore, with a transport time
of 23 h non-stop driving under ideal conditions, the animals and
crew were clearly coming to the limits of their endurance, with
little safety margin left in case of problems with the transport
vehicle or road conditions (Kaczensky et al., 2020).

GPS Monitoring of Kulan
In the Torgai region we monitored the movement of four
adult mares reintroduced from Altyn Emel NP in October
2017 and released from the pre-release enclosure in April 2018.
We additionally monitored the movements of one adult mare
reintroduced from Barsa Kelmes in 2019 in the pre-release
enclosure, where she still is today and gave birth to a foal on 2
June 2021. We also monitored the movements of kulan in the
two source populations: two kulan in Altyn Emel NP collared
in 2017 (they had to be released back into the wild due to their
exited behaviour when loaded into transport boxes) and of six
kulan in the source population in Barsa Kelmes SNR collared
in 2019 (Table 1; Supplementary Table 1; for further details see
Kaczensky et al., 2018b, 2020). All collars were programmed
to take 1 GPS location per hour and were equipped with pre-
programmed drop-offs (CR-2A, Telonics, Mesa, AZ, USA).
After release from the pre-release enclosure, rangers
attempted to locate and observe the collared kulan every two
months. However, long-flight distances only made it possible to
see collars whereas ear tags were largely invisible and numbers
impossible to read. Once a collar became stationary, ACBK
rangers checked the location for a dropped collar or a deceased
kulan (for details on ground monitoring see: Kaczensky et al,,
2020).

Data Analysis

To assess how synchronised kulan movements were pre- and
post-release, we calculated movement correlation, deconstructed
into a drift (directional), a diffusive (social), and a summarised
overall component with R package corrMove as described in
Calabrese et al. (2018). The different models tested for were:
(1) uncorrelated drift and uncorrelated diffusion (UU), (2)
correlated drift and uncorrelated diffusion (CU), (3) uncorrelated
drift and correlated diffusion (UC), and (4) correlated drift and
correlated diffusion (CC). The algorithm further calculates the
change date where movement correlation changes from one type
to another.

To identify when kulan separated and whether they re-
connected again, we calculated the pair-wise daily distances
between all kulan pairs. To check for kulan association with
the release site, we calculated the straight-line distance (net
displacement—NSD) of locations to the pre-release enclosure.

To calculate range sizes, average distances travelled per day,
and average range overlap among kulan, we used variograms and
continuous-time movement models (ctmms) in the ctmmweb
interface (Calabrese et al, 2021) of the R package ctmm
(Calabrese et al.,, 2016). The ctmmweb interface allows for
automated model fitting after visual inspection and calculates
autocorrelated lifetime kernel density estimation (AKDE) home-
range estimators and associated movement parameters with
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TABLE 1 | Movement characteristics of kulan reintroduced to the Torgai region as compared to those in the source populations in Altyn Emel NP and Barsa Kelmes SNR

(for full model results and Cl see Supplementary Table 2).

Kulan ID Monitoring period N GPS Range estimate (km?) Mean % overlap of Daily travel distance (km/day)
locations 95% AKDEs

Start End 100% MCP 95% AKDE Cumulative Modelled
Reintroduced—Torgai region
26176 03.04.2018 20.10.2018 4,798 37,631 68,456 97 13.4 51.1
26855 03.04.2018 27.12.2018 6,430 34,551 48,680 12.7 50.6
26859 03.04.2018 08.07.2020 19,843 43,507 112,808 9.2 36.6
26860 03.04.2018 20.12.2019 14,940 64,350 136,953 8.8 35.5
Reintroduced —enclosure
26176 25.10.2017 02.04.2018 3,820 0.54 0.63 100 1.2 7.7
26855 25.10.2017 02.04.2018 3,791 0.67 0.65 1.3 8.4
26859 25.10.2017 02.04.2018 3,759 0.65 0.64 1.2 8.1
26860 25.10.2017 02.04.2018 3,805 0.66 0.65 1.3 8.5
32671 11.10.2019 01.12.2020 9,799 0.52 0.56 1.5 18.3
Source population—Altyn Emel NP
26850 24.10.2017 30.11.2020 27,153 1,477 1,816 100 4.2 19.5
26852 24.10.2017 01.12.2020 27,203 1,662 2,061 4.5 20.4
Source population—Barsa Kelmes SNR
26177 26.04.2019 25.09.2020 12,340 3,796 2,132 69 6.2 25.4
26851 03.10.2019 01.12.2020 10,193 3,061 2,218 6.3 26.3
26854 28.09.2019 01.12.2020 10,292 4,902 4,881 6.9 26.9
26857 03.10.2019 01.12.2020 10,196 1,525 1,462 7.3 31.1
26861 25.04.2019 01.12.2020 14,044 5,574 4,122 6.5 25.3
26863 25.04.2019 01.12.2020 14,046 4,092 5,543 5.9 27.0

confidence intervals. For visualisation of movements, we used the
R package MoveVis (Schwalb-Willmann et al., 2020).

To allow for comparison with conventional home-range
estimates, we also calculated the minimum convex polygon
around all GPS locations (100% MCPs) and also used this
approach to visualise how much new area was incorporated into
each kulan’s range as consecutive weeks of GPS locations were
included in the calculation.

RESULTS

Group Cohesion, Movement Coordination,

and Fate of Kulan

Behavioural observations over the winter 2017/18 documented
that the nine kulan in the pre-release enclosure formed a cohesive
group (Figure2; Gliga et al., 2020) which resulted in a very
high level of movement correlation [97% correlated diffusion
(UC) indicative of social correlation]. After release in early
April, the group initially stayed tightly together (100% correlated
diffusion UC) but started to split up in mid-May (mare 26860
on 21.05.2018, mare 26859 on 02.06.2018, and mare 26855 on
19.08.2018), which resulted in a drop of the UC to only 15%;
the drift correlation remained 0% suggesting that there was no
tendency for the kulan to move in the same direction. After
the spilt-up, kulan rarely came within <10km of each other
again (Figure 3). Movement coordination among kulan in the
source populations was similar in Barsa Kelmes SNR (UC =

13% with a change point on 20.05.2020) but was constantly
higher among the two kulan in Altyn Emel NP (UC = 31%; see
Supplementary Figure 1).

Ground monitoring of reintroduced kulan showed that after
the split-up, mare 26860 and 26855 were travelling alone, mare
26859 with the subadult stallion, and mare 26176 with two
yearlings (Figure 4). We did not document the presence of a new
foal for any of the reintroduced mares during the monitoring
period. Monitoring of the four collared mares successively ended
with the pre-programmed drop of the collar of mare 26176
on 20.10.2018, and the subsequent deaths of mare 26855 on
27.12.2018 (poached), mare 26860 on 20.12.2019 (poached), and
mare 26859 on 08.07.2020 (natural mortality). On 27.05.2021,
the (formally subadult) stallion with ear tag #12 who had been
seen travelling with mare 26859 in 2020 appeared outside the
pre-release enclosure.

Movement Relative to the Pre-release

Enclosure

The first 7 days after release in April 2018, the group stayed
within 20km of the pre-release area, but then went on two
exploration trips (10 April—5 May 2018) towards the desert
ca. 140 km to the south-east of the pre-release area, both times
returning to the vicinity of the pre-release enclosure. After the
return from the second trip, the group immediately went to
the desert-steppe and steppe north and east where they stayed
until mare 26859 split off. After splitting up, kulan continued to
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FIGURE 2 | Strong group cohesion and high movement correlation characterised the movement of kulan in the adaptation enclosure. Image taken by mare 26176's
camera collar.
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FIGURE 3 | Pairwise distances between reintroduced kulan in the Torgai region after release from the pre-release enclosure on 03.04.2017.
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collared mares.

FIGURE 4 | Image from mare 26176's camera collar showing two yearlings feeding in the Torgai region after release and after split-up from the other three GPS

range far separately, but also kept returning to the vicinity of the
pre-release area (Figure 5).

Movement Characteristics and Range

Sizes

The ctmms supported a range-resident movement model for all
kulan (both reintroduced and in the source populations). The
best fitting model for all kulan was the general OUF model
indicative of a home-range, and autocorrelated positions and
velocities indicated an anisotrophic (non-circular) home range
shape (Supplementary Table 2). The variograms for the ctmms
showed an initial steep increase but reached a plateau within 1-4
months (Supplementary Figure 2).

Modelled daily distances travelled were 36-51km for
reintroduced kulan, which is about 2-3 times larger than for
kulan in the source populations (Table 1). The 95% AKDEs of
reintroduced kulan were huge covering 48,680-136,953 km?,
which is 10-100 times larger than those of kulan in the source
populations (Table 1 and Figure 6; Supplementary Table 2). The
total area covered by the combined 95% AKDEs of the four kulan
in the Torgai region was 152,875 km? (Supplementary Figure 4).

The 100% MCP covered over time by the reintroduced kulan
showed a steep increase at the onset, a short temporary plateau
after 15 weeks, followed by further increases. The two kulan
monitored the longest reached a plateau in the summer of the
second year, while the two kulan monitored over <1 year did not
reach a plateau while being monitored (Figure 7).

Reintroduced kulan in the Torgai region did not spend the
winter in the same general location and there was no evidence
for a southward migration in winter. Only mare 26855 spent her

first winter ca. 100 km to the south of the pre-release enclosure
into the desert but was then killed by poachers. Mares 26859 and
26860 spent both winters in adjacent, non-overlapping areas ca.
100 km to the north and north-east of the pre-release enclosure
in the steppe, and mare 26176 was also in this general area when
her collar dropped in October 2018 (Supplementary Figure 3).

Landscape Features Guiding or Restricting

Movements

The ranges of reintroduced kulan overlapped almost entirely,
and movements of individual kulan extended up to ca. 300 km
away from the pre-release area to the southeast, ca. 200 km to
the east and west, and ca. 60 km to the north (Table 1, Figure 6).
In the east, mare 27176 crossed a railway twice (back and
forth within 24 h), and a nearby connective road four times. In
the south, mare 26860 crossed the new Zhezkazgan-Saksaulskiy
railway 8 times and a nearby connecting road 11 times, but
mare 26855 appeared to have “bounced off” the same railway
track at two locations further to the west (Figure 6). All kulan
crossed the Uly-Zhylanshyk river to the north of the pre-release
enclosure, but none crossed the larger Torgai river further north
and consequently no kulan came close to the connecting road
between Torgai and Arkalyk (Figure 6; for 1-years animation of
movements see Torgai region).

In Altyn Emel NP, the two collared kulan only used the
western part of the NP and did not cross the central valley with
its string of villages and irrigated agricultural land. Kulan also
hardly ever went beyond the western boundary of the PA and
stayed away from the steeper and higher reaches of the Sholak
mountains. In the south the large Ily river and the Kapchagai
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FIGURE 5 | Distance to pre-release enclosure by four reintroduced kulan in the Torgai region April 2018 until July 2020.

reservoir were never crossed (Supplementary Figure 5; for a
1-years animation of movements see Altyn Emel)

In Barsa Kelmes SNP, kulan never ventured onto the most
recently exposed part of the former seabed and none of the
collared kulan travelled to Barsa Kelmes island. Kulan also did
not venture far beyond the eastern SNR boundary into irrigated
land or land used for livestock grazing (Supplementary Figure 6;
for a 1-years animation of movements see Barsa Kelmes).

DISCUSSION

Movement Coordination

The reintroduced kulan behaved like a group of horses in
the pre-release enclosure, forming a tightly knit and extremely
coordinated group with animals staying together virtually the
entire time and with little signs of aggression (Gliga et al,
2020). After release the kulan initially stayed together and were
highly synchronised in their movements, but the group broke

up starting in mid-May. This point-in-time coincided with the
normal birthing and mating period of kulan in the Altyn Emel
source population, and the two mares which split off first had
faecal oestrogen and progesterone levels which suggested that
they were pregnant (Kaczensky et al., 2020). It is therefore quite
possible that they left the group or stayed behind to give birth
(Estep et al., 1995; Kaczensky et al., 2019).

The remaining two mares stayed together with three yearlings
for another 2 months, but then also separated. We can only
speculate what triggered the separation, but it could well have
been the lack of a mating partner for the adult mares. Although
kulan don’t form stable groups, females are mostly encountered
in groups and seem to profit from the combined vigilance of
multiple members in the group to avoid predators (Wang et al.,
2016; Buuveibaatar et al., 2017). Being alone, and especially being
alone in an unknown area, is risky and this may explain why
we did not observe any foals of the year in the two pregnant
mares (they most likely were lost to predation) in 2017, while
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FIGURE 6 | Movement paths and 95% Autocorrelated Kernel Density Estimates (AKDE) of reintroduced kulan in the Torgai region (April 2018 to July 2020). The
smaller panels show the 95% ADKEs of kulan in the source populations in Altyn Emel National Park (NP; October 2017-01.12.2020) and Barsa Kelmes State Nature
Reserve (SNR; April 2019-01.12.2020). All maps are on the same scale and share the scalebar for the Torgai region. For an overview of the study areas and the legend
of landscape features see Figure 1. The black line at the south-western corner in Barsa Kelmes is the international border between Kazakhstan and Uzbekistan.

the lack of a mating partner during the mating season which
immediately follows the birthing season did not allow for a foal
the following year. However, with only the adult mares equipped
with radio collars, our ability to follow up on the fate of unmarked
individuals was very limited.

Given their fission-fusion society, kulan likely do not hesitate
to leave a social group, especially if they originate from a large
population where overall cohesion may be lower than in smaller
populations (Rubenstein et al., 2007). In Altyn Emel, ca. 3000
kulan roam over a relatively small area where water and pasture
are limited and which they have known all their lives, making it
easy to find conspecifics. The reintroduced kulan in the Torgai
region lacked all these advantages and once separated most likely
did not find each other again, pointing towards the importance of
social learning in the context of reintroduction projects (Brakes
et al., 2021). That kulan were seeking company became apparent
from an observation of mare 26860 grazing together with a group
of domestic horses in February 2019 (Kaczensky et al., 2020).

Exploratory Movements and Soft Release

The soft release approach may not have dampened post-release
exploratory behaviour, but at least kulan did stay in the vicinity
of the pre-release enclosure during the first week post-release and
made the first exploratory movements as a group. NHPI predicts
that dispersing or translocated (basically “assisted dispersal”)

animals are more likely to settle in areas which are similar to
their natal habitat. Translocated into novel habitats, they may
embark on long-distance movements in search for familiar cues
or to avoid unknown cues (Stamps and Swaisgood, 2007). We can
only speculate about the motivation for the initial long-distance
excursions, but we doubt they were forage, water, or predator
induced. The kulan had thrived on the pasture in the pre-release
enclosure and hardly touched the hay, water was abundant in
the release area, and wolves were a known predator also present
in Altyn Emel NP. However, what was missing were any cues
of other kulan, which are plentiful in Altyn Emel NP. With the
foaling and subsequent mating season coming up in a couple
weeks in June, kulan may have explored the area for the presence
of other kulan.

Despite showing long-distance movements, kulan seemed to
have bonded with the area as all animals kept coming back
to the pre-release area and their home ranges were centred
around the pre-release enclosure. Unfortunately, kulan did not
return at the same time to allow them to re-connect. The small
number of kulan, heightened by the loss of two adult mares
to poaching early in the reintroduction certainly did not help
and may have resulted in too few or too faint cues for kulan
to find each other. However, if kulan capture in 2018 had been
successful, the presence of new kulan in the enclosure might have
acted as an attraction for free ranging kulan, thus increasing the
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FIGURE 7 | Range size development of reintroduced kulan in the Torgai region since release. MCP100% were re-calculated at weekly intervals.

chance that free ranging kulan stay around and re-connect. In
the Przewalski’s horse reintroduction project in the Mongolian
Gobi, the pre-release enclosure has continuously attracting free-
ranging Przewalski’s horses (mainly bachelor males), some of
which even jumped the fence to join a captive group (P.
Kaczensky unpubl. data).

And as proof of concept, in late May 2021, the stallion released
as a subadult in 2018 (and recognisable by a blue ear tag with
#12) suddenly showed up outside the pre-release enclosure, just
days before the birth of a foal by mare 32671 on 02.06.2021.
The stallion may well have been attracted by the upcoming post-
partum estrous. This recent observation is very encouraging as
it not only shows that kulan can survive in the Torgai region
over multiple seasons, but they are able to re-connect with
conspecifics and that the pre-release enclosure may act as a strong
attraction point in a landscape otherwise largely devoid of cues of
other kulan.

Movement Characteristics and Range
Sizes

Reintroduced kulan in the Torgai region were much more mobile
than their respective peers with whom they were captured in
Altyn Emel NP in 2017. Thus, the more productive pasture
and the abundance of water did not result in lower mobility.
Although initial exploratory movements were to be expected, the
two reintroduced kulan which we monitored over two winters
showed little indication of restricting their movements, but
rather kept exploring some new areas to the south-east (mare
26860) and south-west (mare 26859). The range sizes of the

reintroduced kulan in the Torgai region are in the same order
of magnitude of those of kulan from Mongolia’s South Gobi
Region (Kaczensky et al., 2011b; Payne et al., 2020), but contrary
to kulan in the Gobi, which seem to be primarily nomadic
(Noonan et al., 2020), the ctmm analysis indicated a clear home-
range for the reintroduced kulan.

Kulan 26860 and 26859 both returned to the same area
in the second winter which further suggests the animals had
settled, but also points towards a possible re-emergence of
migratory behaviour as documented for a zebra population in
Botswana (Bartlam-Brooks et al., 2011). However, contrary to our
expectation and reports from the past (Bannikov, 1981) these two
kulan spent the winter in the steppe and roamed both north and
south during the reminder of the year. However, re-establishment
of the most adaptive movement behaviour may take time (Jesmer
etal., 2018). At least exploratory behaviour had brought all kulan
in contact with the full gradient of the Torgai region from desert
habitats in the south to steppe habitat in the north and this
knowledge may eventually enable surviving kulan to fine-tune
their movements to avoid deep snow and access the seasonally
most nutritional pastures. Given our very small sample and short
monitoring period relative to the potential lifespan of a kulan,
which is well over 20 years (Lkhagvasuren et al., 2017), these
preliminary results should not be over-interpreted.

Landscape Features

The huge differences in daily movements and range size between
the reintroduced kulan and those in the source populations in
Altyn Emel NP and Barsa Kelmes SNR are puzzling. Pasture and
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water are more abundant in the steppe, so the question emerges
as to why we see these large-scale movements of reintroduced
kulan in the Torgai region. Alternatively, the question can be
framed as to why we see these small-scale movements in the
semi-desert of Altyn Emel NP and Barsa Kelmes SNR when
kulan in the Mongolian Gobi also have huge ranges in a similar
semi-desert habitat?

The movement of kulan in the Torgai region suggested that
smaller rivers do not act as significant barriers, but larger ones,
especially those associated with a broad band of dense vegetation
probably do. The reintroduced kulan moved so far that two
reached the newly constructed Zhezkazgan-Saksaulskiy railway
in the south and another railway in the east and also encountered
some larger connective roads. These structures have a barrier
effect if traffic volume is high, but as our GPS data and experience
from Mongolia showed, kulan can cross them - as long as they are
not fenced (Batsaikhan et al., 2014).

In Altyn Emel NP, kulan are constrained in their movements
by the Sholak mountains in the north and the Ily river and
Kapchagai reservoir in the south. Movement to the west is
discouraged by protected area staff with the help of a ditch
dug along the western boundary and by actively chasing kulan
groups back into the NP if encountered near or outside the
western border (M. Sydygaliev pers. comm, 2017). This is done to
protect kulan from poaching outside the NP. That kulan do not
move further east may have to do with the presence of humans,
livestock, and irrigated land along the central valley and the
general lack of water in the eastern part of the NP. However, data
from more kulan will be needed to confirm this assumption.

In Barsa Kelmes, no large infrastructure, rivers or topography
restrict kulan movements. However, to the west the recently
exposed seabed of the Aral sea constitutes a barrier as it has a
treacherous substrate, is almost devoid of vegetation, and the
remaining water in the basin is too saline to drink (Edelstein
et al., 2012). Other than the Island of Barsa Kelmes, which has
no drinking water, there is no suitable habitat to the west. We
do not know why kulan do not expand further north, east, and
south, but this may well have to do with the lack of protection.
Anywhere outside the SNP where there is water and pasture there
are small villages or livestock farms. Poaching also seems to be a
problem and anti-poaching control is one of the main tasks of the
SNR rangers (G. Satekeyev pers. comm. 2017).

It appears that in both Altyn Emel and Barsa Kelmes a
combination of natural and anthropogenic factors restrict kulan
movement. In contrast, in the Torgai region there are few features
other than large rivers and salt lakes that restrict movement and
human and livestock presence is minimal, which was one of the
main reasons for selecting this area as a reintroduction site. We
therefore speculate that kulan will naturally exhibit very high
mobility in a landscape like the Torgai steppe when freed from
anthropogenic constraints (Tucker et al., 2018). However, the
downside is that there are few features which guide movements.
This makes finding a highly mobile species like a kulan similar
to the proverbial quest for a needle in the haystack. Even with
GPS collars, rangers had a hard time to find the animals due to
the kulan’s high mobility, the time delay in the transmission of
GPS fixes, and the lack of cell phone coverage. This difficulty

to regularly check on released animals, makes them vulnerable
to poaching as confirmed by the killing of two of our four GPS
tagged kulan.

Conclusions for Future Reintroductions

We believe that the main reason for the poor success of the
three-year pilot phase of the kulan reintroduction to the Torgai
region was the small number of kulan released, which was well
below the minimum of 30 animals of past successful wild ass
reintroductions (Kaczensky et al., 2016). We speculate that the
fission-fusion dynamics and low movement correlation of kulan
societies harbours the risk that animals released into a novel
environment lose contact with each other. We believe, that this
risk is particularly high if only a small number of animals is
released and that it is further enhanced in steppe habitats where
topographic features constraining movements are largely absent
and where forage and water are more abundant and widely
available than in desert-steppe or desert habitats.

Future kulan reintroductions into the Torgai region of central
Kazakhstan should aim to release larger groups of kulan as
originally planned. Some losses and initially lower reproductive
success must be expected (Saltz and Rubenstein, 1995; Kaczensky
et al., 2016) and it is therefore crucial to build up the free-
ranging population as quickly as possible to reach a critical mass
to increase the chance of kulan encountering conspecifics to
successfully breed and increase their chance of survival.

We see the large ranges and high mobility of the reintroduced
kulan as a sign of success as kulan along the steppe desert gradient
should not be expected to stay only in the steppe or only in the
desert habitat, but rather migrate between those two on a seasonal
basis. Large ranges and high mobility are the best adaptation to
highly variable climatic conditions or extreme events and can
lower the risk of mass mortality due to droughts or extreme
winters (“dzud”) as has been shown for kulan in Mongolia
(Kaczensky et al., 2011b).

The use of a pre-release enclosure seems to result in
animals settling in the wider area and having kulan in the
enclosure has shown to act as an attraction point for free-
ranging animals, making it easier for them to re-connect with
other free-ranging conspecifics. Future releases should aim to
keep kulan in the pre-enclosure until after foals are born and
mating has happened in the hope that this will lower the
mortality risk for foals and increase the chances of new foals
in the following year. However, such an approach needs to
be carefully monitored (Gliga et al., 2020) as kulan held in
captivity can show highly aggressive behaviour to conspecifics
and infanticide is a known phenomenon in equids (Cameron
et al,, 2003) both of which could easily result in losses and
welfare issues in the enclosure if animals are not released before
things escalate.
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