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Awnnatna. AsusiblK kabaiibl ecek Hemece Kymam (Equus hemionus kulan) 6ip kesmepi Eypasus
JlaJTaChIHJIAFbl JKaHyapJIapblH HETi3ri Typiiepinin Oipi Oosran. Kazakcranma onap 1930 xbiimapsl MyJaeM
KOFaJIBII KeTTi. BYpBhIH PEeMHTPOAYKUMSHBIH apKachlHIA €Ki KOpFajaThlH ayMakKTa TYpPZAl KaIblHA KEJITipy
MYMKIiH 001161, Oipak TYp ©3iHiH OYpPBIHFBI ayKBIMBIHBIH TeK <1% — KalmblHA KeNTipAi xoHe omi xe OpTanbik
Kasakcran manaceinga xe3mecneiini. Ocbl KeH aiiMakTa KallblHA KeATipydl Oactay yuriH 0i3 KyJaHgapabl
ycTam aibll, TachIMaAaAblK: TOFBI3 KyJaHHaH TypaThiH Oipinmn Tom 2017 xbputel Toprail namacweiHa
IIBIFAPBUTFaHFa JIEHiH apHalbl KOpINANFaH XaWbUIBIMFAa OPHAJIACTHIPHUIABI, all eKiHmr ToOsl 2019 Kbutsl
okenminAi. bi3 jkaHa TipUIik eTy opTackiHa OelimMueny mpoleciH KykarTtay yuriH Tek kaHa GPS-upumamii
MOWBIHIBIFEI 0ap TOPT KYJIAHHBIH KO3FalbICHIH KAlIBIKTHIKTaH OaKbUIayAbl *KY3ere achIpbIK. bacramkel
MOMYJISIIASATIAPAFEl OJIAPIBIH KO3FAIBICHIH CANBICTBIPY YIIiH 013 «AnteiHemem» MY TII-narsl eki Kysianra
xoHe bapcakenmec MTK-nmarp! anThl KyJ1aHFa KOCBIMIIIA MOUBIHIBIKTAPIBI KUT13]IK. OKEJIIHIeH TOFBI3 KYJIaH
KOpIIaJFaH >KalblIbIMIA ©TE >KOFapbhl KO3FANBIC KHUIriMeH OipTyTac Tom Kypnael. Epxine OocaTbim
KiOepreHHeH KeliH Kylanaap ToObl OacTankpiia 0ip-OipiHeH alrakTaraH )oK, Oipak MaMbIpAbIH OpTachiHA
Kapai bIIpIpai OacTajbl, all TAMBI3JIBIH OPTAChIHA Kapaid 0apibIK KYJIaHIap Keke )Kype 0acTtaapl. AynaHsr 48
680 — 136 953 mapmibl MAKBIPHIM ayMarbIHIA PEHMHTPOMYKIMSIaHFaH KyJlaHIapasiH 95% aBTokopperns-
LUsIAaHFaH SIPO  THIFBI3ABIFBIHBIH jauana3oHsl (Kernel Density Estimation) opacan 30p 0oJabl JxoHE
Oacrankpl nomysusuiapaa mamamern 10-100 ecere keOeiini. PennTponykiusutanran Ouenep emkaman oip-
OipiMeH Ke3ZIeCKeH KOK, THIMJIi Ke0et Typallbl elIKaHal IoJelt )KOK, all OelrijieHreH TopT OueHiH ekeyiH
OpakoHbepsiep enTipAi, an Oipeyi Taburu ceOenTepiH HOTHXKeciHeH e, benrineHOereH >kaHyapiapablH
TarapIpbl Oenrici3 Ooibim Kanmaapl. bi3 KyaHmap KaybIMIACTBIFBIHAAFBl OOIiHy-0ipiry AMHaMHUKachl MeH
TOMEH KO3FallbIC KaHA OpTara IMIBIFAPBUIFaH JXaHyaplapIbelH Oip-OipiMeH OaillaHBICHIH KOFANTY KayIliH
TyIbIpajbl Jen OoypkaiimbI3. By kayin Tik penbed oHE CyIbIH IMIEKTEYi OONMYbI CHUSKTHI KO3FallbICTHI
IICKTEHTIH (akTopyiap OoNMaybiHa OalIaHBICTHI 1aia OMOTONTAPBIH/A apTybl MyMKiH. OpTtanbik Kazakcran
JaTachlHa KYJIaHIapAbl O/aH opi KalTa >KepCiHIipy aca ipi TONTapAbl IIbFapyFa jKOHE IIEKTEyI CaHFa
KETy YIIIH epKiH KoOeHeTiH MOMyJISIUIHBI Te3 apaja KYpyFa, KYJIaHAapIblH THIMJII Ko0er01 KoHe oJlapbIH
TIPIIUTIK €Ty MYMKIHIITIH apTThpy YIIiH 0acka KyJaHJapMeH Ke3JleCy BIKTUMAIBIFBIH apTThIpyFa
OarbITTAIYBI THIC.

Tyiiinai ce3mep: Equus hemionus kulan, kynan, Kasakcran, peMHTpOIYKIUS, QJIEYMETTIK OipiliK, epKiH
0ocaty, OocaTbUIFaHHAH KEHIHT1 KO3FaJIbIC.

Abstract. Asiatic wild ass, or kulan, (Equus hemionus kulan) were once a key species of the Eurasian
steppes. 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
the steppes of 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 on the Torgai steppe in 2017, and two more in
2019. We used direct observations and post-release movement data of four kulan equipped with GPS-Iridium
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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 with all kulan travelling 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 be poachers and one died of natural causes. The fate of the uncollared animals remains unclear. 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. This risk is likely enhanced in
steppe habitats where movement constraining factors such as steep terrain and limited water availability are
absent. Further kulan reintroductions to the steppes of central Kazakhstan should aim to release larger groups
and built up the free-ranging population as quickly as possible to reach a critical mass, increasing the chance
of kulan encountering conspecifics to successfully breed and increase their chance of survival.

Key words: Equus hemionus kulan, kulan, Kazakhstan, reintroduction, social cohesion, soft release, post-
release movement.

AHHOTanusa. Asuarckuit nukuii ocen, wid Kymad (Equus hemionus kulan), korma-to OBUT OXZHHUM U3
KJIIOYEBBIX BHUJIOB XKMBOTHBIX B eBpasuiickux cremsx. B Kazaxcrane onm momHocThio ucyesnu B 1930-x
ronax. Pannee, Omaromapsi pPEMHTPOAYKLMH, MHOJIYYHIOCH BOCCTAaHOBUTH BHJ Ha JBYX OXPaHIEMBIX
TEPPUTOPHSX, HO BUJ BOCCTAHOBMI <1% CBOEro MpexHero apeajia U Mo-MPEeXHEMY OTCYTCTBYET B CTEIISIX
Hentpansroro Kazaxcrana. UtoObl HauaTh BOCCTAHOBJICHHE B 3TOM OOIIMPHOM DPETHOHE, HaMHU OBLTH
OTJIOBJICHbI U TIEPEBE3EHBI KYJaHBI: MEpBas IPyMNa U3 OEBSITH KyJaHOB Oblja IOMELICHA B CIICIMAJIbHBINA
3aroH JUisl MepenepKKu 10 Bblllycka B Topralickyro crens B 2017 roamy, a Bropas — B 2019 rogy. Mel
WCTIONIb30BAJIM IUCTAHIIMOHHOE HAOINIONEHHE O TEPEABIKCHUH YeThIpeX KyaaHoB, cHaOkeHHbIX GPS-
UPUIUEBBIMH OILEHHHUKAMH, YTOOBI 3a0KyMEHTUPOBATh NPOLECC UX afalTalldy B HOBOM cpelne OOMTaHUs
0e3 coOpatbeB. s mocneayomero CpaBHEHUS NEPEMELICHUS B UCXOAHBIX HOMYIISLHUAX MbI JOTIOJTHUTEIBHO
yctaHoBwIM Ha 1ByX KymanoB B ['HIIIT "AnteiH-Omens" u mects — B bapcakensmeckom I'TI3. [leBsaTh
MePEeBE3EHHBIX KYITaHOB c(hOpPMHUPOBAIH CIUIOUEHHYIO TPYIITy C OYEHb BBICOKOH 4acTOTOW MepeMelieHUi B
3aro”e. [locne Bblmycka Ha BOJIIO IpyMIla CHadaja Aepikanach IUIOTHO JAPYT K APYrY, HO K CepeArHe Mas
Hayalla pacmhajarhCs, a K CEpeJMHE aBrycTa BCE KyJaHbl CTalHM MEpeJBHraThCs CaMOCTOATENBHO. [Ipu
wromaan 48 680 — 136 953 kB. kM 95%-HBIll aBTOKOppETUPOBaHHBIN AMana3oH ioTHocTH siapa (Kernel
Density Estimation) peMHTpOAYIMPOBAaHHBIX KYJIAHOB OBLT OTpOMHBEIM H mpuMepHo B 10 — 100 pas
NPEBBIIANI B HCXOAHBIX MOMYISUMAX. PenHTpomynupoBaHHbIE KOOBUIBI TaK M HE BCTPETWIIUCH APYT C
JpYyroM, He ObUTO HUKAKUX J0KA3aTeIbCTB YCIEIIHOTO Pa3MHOKEHHSI, a JBE U3 YEThIPEX MOMEYCHHBIX KOOBLT
Obutn yOUTHI OpakoHbEpaMu, a OJHA yMepila B pe3ylibTaTe ecTeCTBeHHBIX npuuuH. Cynp0a HermoMeueHHBIX
KUBOTHBIX OCTaeTCsl HESICHOW. MBI mpenmnonaraeM, 4To AWHAMHKA JEJICHUS-CIMUSHUS U HU3Kas CTElEHb
MepeMeIleHHs B COOOIIeCTBE KYJIAaHOB TaUT B ce0e PHUCK TOTO, YTO KUBOTHEIE, BHITYIIIEHHBIC B HOBYIO CPELY,
MOTEPSIIOT KOHTaKT JpPYyr € JAPYrOoM. OTOT PHCK, BEPOSTHO, BO3pacTaeT B CTEMHBIX OHOTOMAax, TIJe
OTCYTCTBYIOT (DaKTOpbl, OIpAaHHUYMBAIOLINE MNEpPEIBIKEHUE, TaKHe KaKk KPyTOdl penbed M OrpaHHuCHHAs
JOCTYIHOCTh Boabl. [lanpHeimas peMHTpOLyKIMs KyltaHoB B crenu LlenTpansHoro Kasaxcrana nomkHa
OBITH HampaBlicHa Ha BBIYCK OoJiee KPYIHBIX TPYII U CKOpeiiliee co3naHie CBOOOIHO pa3MHOMKArOIIEHCs
MOMYJSALUH, YTOOBI JOCTUYb KPUTHUECKON MACChl, YBEJIMUMBAsl BEPOSTHOCTH BCTPEUH KYIaHOB C COOpaTbIMHU
JUIsl YCHEITHOTO Pa3MHOXKEHHS U TIOBBIILICHHS X IIAHCOB Ha BBDKHBAaHUE.

Kuarouesblie ciioBa: Equus hemionus kulan, xysan, KazaxcraH, penHTPOIYKIIHS, COIMATbHAS CIUIOYEHHOCTD,
MSITKHH BBITYCK, JBHXKCHHUE ITOCIIE BBITYCKA.

Introduction

Old-growth steppe ecosystems, rich in carbon and biodiversity, face threats from land
conversion, degradation, and fragmentation. Kazakhstan, with its remaining near-natural grasslands,
plays a crucial role in preserving these ecosystems. The dissolution of the Soviet Union brought
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about socio-economic changes in Kazakhstan, presenting both challenges and opportunities for
biodiversity conservation.

Large herbivores, vital for steppe ecosystem functioning, need substantial areas for seasonal
movements. The Asiatic wild ass, or kulan, once abundant across Eurasian steppes, now faces
endangerment due to overhunting and habitat loss. In Kazakhstan, kulan reintroduction efforts have
established populations in Barsa Kelmes State Nature Reserve and Altyn Emel National Park. Despite
success, kulan remain absent from vast steppe regions, prompting ongoing reintroduction plans.

Understanding kulan movements is crucial for successful reintroduction. Limited data exists
on factors influencing their movements, especially in Kazakhstan. In Mongolia, kulan exhibit
nomadic behavior, covering extensive distances. However, their large-scale movements make them
susceptible to habitat fragmentation, infrastructure, and human activities.

Post-release movements of reintroduced kulan are poorly documented, highlighting the need
for comprehensive studies. While "soft release™ methods may promote social bonds, the restoration
of migratory behavior in naive animals remains uncertain. The Altyn Dala Conservation Initiative in
Kazakhstan aims to conserve flagship species like saiga and reintroduce kulan, contributing to the
restoration of the original large ungulate assemblage in the steppe.

The study analyzes movement data of reintroduced kulan, comparing it with source
populations, and aims to:

1. Explore fission-fusion group dynamics with low movement coordination.

2. Investigate exploratory movements followed by routine establishment.

3. Examine potential movement characteristics, such as adopting source population range
sizes, using smaller ranges, establishing migratory behavior, or facing constraints from
topography, rivers, and human presence.

Material and methods

Study areas

Torgai Steppe:

The Torgai steppe, situated in central Kazakhstan, encompasses the release site with a 55-ha
pre-release enclosure near the abandoned village of Alibi. This area is strategically located within a
network of protected areas (Fig.1), ecological corridors, and hunting zones, covering about 40,000
km2. The climate is continental, featuring hot summers and cold winters, with an average annual
temperature of 7°C and precipitation of 200 mm. The steppe exhibits a north-south gradient in
precipitation and pasture productivity, with a variety of vegetation communities. Human population
density is extremely low, and the region is core habitat for the Betpak Dala saiga population, along
with other large mammals.

Fig.1. Study areas
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Altyn Emel National Park (NP):

Located in southeast Kazakhstan, Altyn Emel NP covers 5,700 kmz2, established in 1996. The
terrain ranges from 470 to 2,900m elevation, with semi-desert and desert vegetation dominating the
plains. The park features a central valley with irrigation agriculture, small villages, and diverse
habitats. Kulan were reintroduced to Altyn Emel NP between 1982-1994, originating from the
Barsa Kelmes island population in the Aral Sea. The park hosts various ungulates, including
goitered gazelle, Przewalski’s horse, and a rich array of wildlife, with an estimated kulan population
of around 3000.

Barsa Kelmes State Nature Reserve (SNR):

Situated in southwest Kazakhstan's Kyzylorda province, Barsa Kelmes SNR was initially a
133 km2 island in the Aral Sea, established in 1939. Wild kulan, saiga antelopes, and goitered
gazelles were released on the island in the 1950s. Due to the Aral Sea's shrinking water levels,
kulan left the island and settled in the surrounding area, leading to the SNR's expansion to 1,601
km2 in 2006. Barsa Kelmes SNR is characterized by desert shrub vegetation, limited water sources,
and scarce access, with an estimated kulan population of approximately 500.

Capture, collaring, and transport of kulan

Kulan capture methods involved driving them into large corrals at night using jeeps and
lights, following techniques from Levanov et al. (2013), or darting them with a CO2-powered rifle
from a pursuing jeep as described by Walzer et al. (2007). The anesthesia process for collaring and
loading into transport boxes included an early-developed protocol, detailed in Walzer (2014).
Health assessments relied on visual checks, blood chemistry values, and leucocyte coping capacity
measured on-site.

During anesthesia, all kulan received colored ear tags, and adult kulan were fitted with GPS
collars (Vertex Lite or Vertex Plus, Vectronics Aerospace, Berlin, Germany). Those selected for
transport also received long-acting neuroleptics (LANSs) for stability during transport and initial
release. In October 2017, nine wild kulans were airlifted from Altyn Emel NP to a pre-release
enclosure in Torgai, where they stayed for five months until release in April 2018. In 2019, two
additional kulan were transported from Barsa Kelmes SNR to the pre-release enclosure.
Observations of body condition and behavior were conducted twice daily in the enclosure, with hay
provided during winter and water in troughs when the lake was frozen (Gliga et al. 2020).

GPS monitoring of kulan

On the Torgai steppe 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. 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, Table S1; for further
details see Kaczensky et al. 2018, Kaczensky et al. 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, rangers checked the location for a dropped collar or a deceased kulan (for details
on ground monitoring see: Kaczensky et al. 2020).
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Supplementary Table S1 — Kulan monitored in the reintroduced population in the Torgai Steppe and
the source populations in Altyn Emel NP and Barsa Kelmes State Nature Reserve from October 2017 —
November 2020. The 9 kulan reintroduced to the Torgai steppe from Altyn Emel NP on 23.10.2017 were
released into the wild on 3.04.2018; the 2 kulan reintroduced from Barsa Kelmes SNR are still in the pre-
release enclosure [as of April 2021].

- Collaring Collar | Ag

Origin date Name | Sex ID o Collar type Foal Fate
Reintroduced kulan on the Torgai Steppe
Altyn Vertex Lite- yes Poached
e 23102017 | AF5 | f | 26860 | 7 D (EM8) | 20122019

i Pre-programmed
érly?(;? 23.10.2017 | AF17 | f | 26176 | 7 \gt‘é’;:g: (ggsn drop on

20.10.2018
Altyn Vertex Lite- yes Poached
o 23102017 | AF4 | f | 26855 | 6 e 1) | 27 12,2018
Altyn Vertex Lite- Natural mortality
Err 23102017 | AF9 | f | 26859 | 5 e N0 | 4g 072020
g'r%? 23102017 | FF7 | f 05| Nocollar NA | unknown
ér:%? 23.10.2017 MF8 m 0.5 No collar NA unknown
g'r%? 23102017 | FFO | f 05 | Nocollar NA | unknown
Altyn
Emel 23.10.2017 | MF11 | m 0.5 No collar NA unknown
g'r%? 23.10.2017 | SM12 | m 3 No collar NA | unknown
Barsa 07102019 | AF19 | f | 32671 | >10 | VertexPlus-4 | yes | M Pre-release
Kelmes enclosure
Barsa 10.10.2019 | SMO | m 2-3 | Nocollar NA | Inpre-release
Kelmes enclosure
Kulan collared in the source populations
Altyn 23102017 | AF14 | £ | 26852 | 7 | VEMEXLI- oo | Collar still active
Emel 4D
Altyn 23102017 | AF7 | £ | 26850 | 10 | VXL ves | Collar still active
Emel 4D
Barsa 25042019 | AF2 | f | 26863 | ad | vertexLite no | Collar still active
Kelmes 4D
Barsa 25042019 | AF3 | f | 26861 | ad | verexLite no | Collar still active
Kelmes 4D
Barsa Vertex Plus- Collar stopped
?

Kelmes | 20042019 | AF18 | T | 26177 | ad | 5y orera ? | 25.09.2020*
Barsa | 980902019 | SF6 | f | 26854 | 2-3 | VeeXLite- b0 | Collar still active
Kelmes 4D
Barsa 1 43102019 | AM15 | m | 26857 | 3-4 | VEMEXLIE- 1\ A | Collar still active
Kelmes 4D
Barsa 03102019 | AF1 | f | 26851 | 5-6 | VEMEXLIte& | vo | Collar still active
Kelmes 4D

*Collar failed to drop and reached end of battery life. ** As of April 2021.
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Data analysis

To assess how synchronized kulan movements were pre- and post-release, we calculated
movement correlation, deconstructed into a drift (directional), a diffusive (social), and a
summarized 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 movements
parameters with confidence intervals. For visualization 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
visualize 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 (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 <10 km of each other again. 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%;).

Ground monitoring of reintroduced kulan showed that after the split-up, mare 26860 and
26855 were travelling alone, mare 26859 with a yearling, and mare 26176 with a yearling and the
subadult stallion. 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).

Movement relative to the pre-release enclosure

The first seven days after release the group stayed within 20 km of the pre-release area, but
then went on two exploration trips (10 April — 5 May 2018) towards the desert steppe 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 north and east
where they stayed until mare 26859 split off. After splitting up, kulan continued to range far
separately, but also kept returning to the vicinity of the pre-release area.
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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. The variograms for the ctmms showed an initial steep increase but
reached a plateau within 1-4 months.
Modelled daily distances travelled were 36-51 km for reintroduced kulan, which is about 2-3 times
larger than for kulan in the source populations. The 95% AKDEs of reintroduced kulan were huge
covering 48,680 — 136,953 km?, which is 10 to 100 times larger than those of kulan in the source
populations (Fig. 2). The total area covered by the combined 95% AKDEs of the four kulan on the
Torgai steppe was 152,875 km?.

Fig.2. Kulan movements in different areas and MCP results

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.

Reintroduced kulan on the Torgai steppe 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 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, and mare 26176 was also in this general area when her
collar dropped in October 2018.

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. 200km to the
east and west, and ca. 60 km to the north. In the east, mare 27176 crossed a railway twice (back and
forth within 24 hours), 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

254



MATEPWANbI MEXXOQYHAPOOHOW HAYYHO-MPAKTUMECKOWU KOH®OEPEHLINK
«COXPAHEHME BUONOMMYECKOIO PA3BHOOBPA3UA U PA3BBUTUE CETU OOMNT»,
NOCBSLLEHHOMN o6uner AoKTopa 6Monornyecknx Hayk, noyetHoro npoceccopa KM T.M. BparuHon

26855 appeared to have “bounced off” the same railway track at two locations further to the west
(Fig. 2). 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 (for 1-years animation of movements see Torgali
steppe).

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 reservoir were
never crossed (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
(for a 1-years animation of movements see Barsa Kelmes).

Discussion

Movement coordination

Reintroduced kulan initially exhibited cohesive behavior in the pre-release enclosure,
resembling a tightly-knit and well-coordinated group of horses (Gliga et al. 2020). Post-release, the
group stayed together and moved synchronously until mid-May when it fragmented. Two mares
that separated first showed signs of pregnancy, likely contributing to the separation during the
normal birthing and mating period of Altyn Emel's source population (Kaczensky et al. 2020; Estep
et al. 1995; Kaczensky et al. 2019). The remaining mares and subadult stallion stayed together for
an additional two months before also parting ways.

The separation, potentially triggered by the subadult male's inadequacy as a mating partner,
may have impacted foal survival due to the risks of being alone in an unfamiliar area. The absence
of foals in 2017 and the following year may be attributed to this circumstance, further compounded
by the limited ability to monitor unmarked individuals without radio collars. Kulan's fission-fusion
society, effective in source populations, faced challenges in the Torgai steppe, where the
reintroduced group lacked the familiarity of the Altyn Emel environment. The difficulty in
regrouping underscores the significance of social learning in reintroduction projects (Brakes et al.
2021). Notably, observations showed a mare (26860) seeking company by grazing 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. The kulan also seemed to have bonded somewhat
with the area as all animals kept coming back to the vicinity 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. 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 chance that free ranging kulan stay
around and increasing their chance to re-connect. In the Przewalski’s horse reintroduction project in
the Mongolian Gobi, the pre-release enclosure has continuously attracting free-ranging
Prezewalski’s horses (mainly bachelor males), some of which even jumped the fence to join a
captive group (P. Kaczensky unpubl. data).

Movement characteristics and range sizes

Reintroduced kulan on the Torgai steppe 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
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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 new areas to the south-east
(mare 26860) and south-west (mare 26859). The range sizes of the reintroduced kulan on the Torgai
steppe are in the same order of magnitude of those of kulan from Mongolia’s South Gobi Region
(Kaczensky et al. 2011; 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-emerging 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 et al.
2018). 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 considerable differences in daily movements and range sizes of reintroduced kulan
compared to source populations raise questions. While the Torgai steppe exhibits large-scale
movements, Altyn Emel NP and Barsa Kelmes SNR show small-scale movements, contrary to
expectations based on the Mongolian Gobi's expansive ranges in a similar semi-desert habitat.

On the Torgai steppe, smaller rivers pose no significant barriers, but larger ones and dense
vegetation bands act as obstacles. Reintroduced kulan ventured far, encountering newly constructed
railways and connective roads, demonstrating their ability to cross unfenced barriers.

In Altyn Emel NP, natural features like the Sholak mountains and the Ily river/Kapchagai
reservoir limit kulan movements. Discouragement from protected area staff and the presence of
humans, livestock, and limited water in the eastern NP contribute to movement constraints.

Barsa Kelmes faces no natural restrictions, but the exposed Aral Sea seabed to the west and
the lack of suitable habitat prevent expansion. Protection issues, including poaching and the absence
of anti-poaching control, hinder movement beyond the SNP.

Both Altyn Emel and Barsa Kelmes experience a combination of natural and anthropogenic
factors restricting kulan movements. In contrast, the Torgai steppe, selected for its minimal
anthropogenic presence, allows high kulan mobility, though the absence of guiding features
complicates monitoring. This difficulty, coupled with the vulnerability to poaching, underscores the
challenges of reintroduction efforts.

Conclusions for future reintroductions

We speculate that the fission-fusion dynamics and low movement correlation of kulan
societies harbours the risk that animals released into a novel ecosystem lose contact with each other.
This risk is likely 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 steppes of central Kazakhstan
should aim to release larger groups and 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.

The use of a pre-release enclosure seems to result in animals settling in the wider area and
having kulan in the enclosure may also act as an attraction point for free-ranging animals, making it
easier for them to re-connect with other free-ranging conspecifics. Furthermore, 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
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following year. However, such an approach needs to be carefully monitored (Gliha et al. 2020) as
kulan held in captivity can show highly aggressive behavior to conspecifics and infanticide is a
known phenomenon in equids (Cameron et a. 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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