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PART I 

 

1. Introduction 
 

Protecting and restoring species and ecosystems are crucial tasks (Svenning et al., 2024). 

The Przewalski’s horse (Equus ferus przewalskii) is the only surviving subspecies of ancient 

wild horses that has never been domesticated. These animals were once part of the large grazers 

of the Eurasian steppe ecosystem (Van Dierendock and de Vries, 1996). According to the 

International Union for Conservation of Nature (IUCN) Red List, Przewalski’s horse is currently 

classified as endangered (King, 2005). By protecting wild horses, we also help to conserve 

grasslands, which are among the least protected habitats due to human impacts such as 

agriculture, overgrazing, and mining (Wesche et al., 2016). There are only 2,500–3,000 

individuals of this species, and most are found in zoos and semi-reserves. In China and Mongolia, 

some 1,000 horses are living in 4 separate subpopulations in semi-wild or wild grassland 

ecosystems (Turghan et al., 2022), but these populations are prone to fluctuate due to adverse 

weather like extreme cold winter called “dzud”. 

 

1.1. The Przewalski's horses 

 

Przewalski’s horses differ in appearance from domestic horses. They stand about 130 cm 

tall at the withers and weigh between 250–350 kg. They have a very muscular and compact body 

structure, and their coat is typically dune-colored, with variations ranging from darker to lighter 

shades. Many individuals have stripes on their legs or a shoulder cross at the withers. Their mane 

is always short and erect, and their tails feature short, lighter-colored hairs, along with longer 

ones (Wakefield et al., 2002). The horses are primarily grazers with a hindgut digestive system 

and live in harem groups similar to feral horses and zebras (Rubenstein, 1978). Przewalski’s 

horses and domestic horses have 64 and 62 chromosomes, respectively (Benirschke et al., 1965), 

but they can interbreed, and their offspring are fertile (Short et al, 1974).  

 

1.2. Przewalski’s horses in Hortobágy, Hungary 

 

In the following chapter I will briefly describe the different aspects of Pentezug Project 

and for more details you can see Kerekes et al. 2019 and 2021.  
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1.2.1. The Pentezug project 

The Pentezug project was launched in 1997 by Hortobagy National Park (HNP) and 

Cologne Zoo. The aim of the project was to restore the grassland ecosystem in the heart of the 

national park with large grazers and minimal human intervention. For that purpose, Przewalski’s 

horses and reconstructed aurochs were introduced to a 2500 ha fenced area in 1997 and 1999, 

respectively. More than 70% of the area is typical grassland with grass species such as fescue. 

The area also has marshes, reed beds, and a canal, which provides abundant water all year round. 

In 2017, another 600 ha were added to the area, with 300 ha of reed beds and 300 ha of grassland. 

No apex predators exist in the area. In the early years, human activities and interventions were 

mostly prohibited in the area, ensuring that the horses’ social structure remained unaltered by 

humans. However, as the population grew, human intervention became necessary. Some of these 

interventions affected population density and various aspects of the social structure (see below). 

 

1.2.2. Founder population in Pentezug Reserve 

The transportation of Przewalski’s horses within Europe is determined by the European 

Ex situ Program (EEP) of Association of Zoos and Aquaria (EAZA) for Przewalski’s horses. 

The EEP holds all the pedigree information of the whole European zoo population, enabling the 

selection of a founder population based on genetic diversity. At the beginning of the Pentezug 

project, in 1997, only a few animals lived in wild or semi-wild conditions, hence members of the 

founder population of Hortobagy arrived from different European Zoos, such as Winterthur and 

Langenberg in Switzerland, Ahaus and Leipzig in Germany, Whipsnade in England, Dolni 

Dobrejov in Czech Republic and Neusiedel, Mautern and Wien in Austria. Altogether, 31 horses 

arrived at Hortobágy. HNP, with the Pentezug Przewalski’s horse project, became the member 

of EEP as non-EAZA institution. 

 

1.2.3. Population management in Pentezug Reserve 

Due to international and national regulations, HNP is required to send annual reports to 

different organizations. Identifying individuals is the basis of these reports. Individual 

recognition is non-invasive and based on three pillars: individual characteristics, position in the 

harem, and DNA records.  

In Pentezug Reserve, about 90% of the horses are unmarked, making photo catalogues 

and group composition lists essential for identifying individuals and managing the population. 

Staff from the Pentezug Reserve visit the area twice a week to monitor the horses, using cameras 

and binoculars to update the photo catalogue, which includes photos in different coats, studbook 



11 
 

numbers, and unique traits like coloring and hair whorls. The catalogue is updated biannually, 

while group lists are revised monthly. 

The horse identification process involves several steps: (1) Identifying the harem using 

distinctive individuals or group characteristics. (2) Cross-referencing the harem members with 

the latest composition list and photo catalogue. (3) If discrepancies arise, such as missing or new 

individuals, the entire population’s lists are reviewed to maintain accuracy. (4) Missing horses 

are removed from the harem list, and surplus horses are documented and photographed. (5) To 

confirm an "extra" horse’s identity, staff compare it with other harem groups and, if necessary, 

collect a DNA sample for verification. 

Building on the challenges of individual recognition in harems, identifying bachelor 

stallions also became difficult as their numbers grew. Since about 20% of the horses in the 

reserve are bachelors, their population has only been estimated since 2008. However, in 2019, 

repeated DNA sampling allowed us to accurately identify these individuals again. By comparing 

deaths, studbook records, and genetic data, we determined that the estimated number of 

bachelors differed from the actual count by no more than 9%. 

Continuing from the challenges in identifying bachelor stallions, DNA analysis plays a 

crucial role in accurately tracking the horse population. Biopsy and hair samples are collected 

for this purpose. Biopsy samples are taken using DanInject and PneuDart needles shot from 

pneumatic rifles. These special needles quickly fall off, carrying small tissue samples. Each horse 

is first sampled at around one year of age to record their DNA "fingerprint" and determine genetic 

parentage, often while foals are still with their mothers. 

Hair samples are collected from dead or tranquilized animals to confirm their identity. 

Repeated DNA sampling is particularly useful when mares change groups, stallions form new 

harems, or when an individual’s identity is unclear due to death or other circumstances. The 

genetic analyses are conducted by the Veterinary Laboratory at the University of California, 

Davis, following CITES regulations for endangered species. 

After the first few years in the Pentezug Reserve, horses started to breed, and their 

number grew rapidly. The population required human management due to the lack of apex 

predators in the area. Three control interactions were made in the Pentezug Reserve: transports, 

immunocontraception treatment (Pig Zona Pellucida, PZP), and culling. Every action concerning 

Przewalski's horses is determined by the HNP staff with the help of EEP. Local authorities also 

must give their consent to any action proposed by HNP staff. 

Przewalski's horses from Hortobagy have been transported to several locations (Russia, 

Spain, Mongolia, Czech Republic). We transported 30 horses to Orenburg Reserve (Russia) in 
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2016–2017 (Bakirova and Zharkikh, 2019), and several individuals went to the transport center 

in Prague and later to Mongolia. Rewilding initiatives maintain interest in Przewalski's horses in 

Europe. Last year, 16 horses were transported from Pentezug to the Iberian highland. Moreover, 

Kazakhstan became interested in the horses. According to the international plans, 4 horses will 

be transported from Hungary in 2025. But these transports are scarce, and management cannot 

rely on them in the long run. 

Preventing animals from reproducing is often necessary, especially in smaller enclosures, 

like zoos. Contraceptives can be hormone-based, but these methods alter behavior and the mating 

rhythms of animals (Fedorka and Troedsson (2021). In the last few decades, advanced 

contraception methods have been developed, including immunocontraception, an immune 

response-based method (Kirkpatrick et al., 2011). Immunocontraception includes gonadotropin-

releasing hormone (GnRH) and porcine zona pellucida (PZP). Both immunocontraceptive 

methods are reversible, which is advantageous if the population dynamics change and treated 

individuals need to breed again. However, reversibility depends on several factors, such as 

dosage, frequency of use, and timing of vaccination. Additionally, empirical studies on 

reversibility are lacking in many species. The GnRH vaccine stimulates antibody production 

against GnRH to reduce the production of follicle-stimulating hormone (FSH) and luteinizing 

hormone (LH) in females and testosterone production in males (Massei et al., 2020). The GnRH 

vaccine can be used in both sexes but can affect non-reproductive tissues and elicit broader 

effects (Miller et al., 2013). PZP directly affects the oocytes; it stimulates antibody production 

against the zona pellucida glycoproteins to prevent the sperm from crossing the egg layer (Sacco, 

1978.). PZP can only be used on females but only elicit direct effects; PZP only affects the 

receptors on the oocyte (Kirkpatrick et al., 2011). PZP, which was developed by the Science and 

Conservation Center Billings, USA (Kirkpatrick and Turner, 1990), was successfully used on 

equids, deer, and elephants (Kirkpatrick et al, 2011). We used PZP on our female Przewalski’s 

horses. Currently most of the older females have been treated, leaving only the young ones (2-5 

years old) with the opportunity to foal. In total, 90 out of 140 females have been treated with 

PZP in 2024. 

Another method of population control is culling, which involves euthanizing horses via 

gunshot. This euthanasia method is only performed in the field by a professional hunter. This 

approach targets horses that are extremely weak, seriously injured, or suffering from chronic or 

genetic issues and has rarely been employed in the reserve. Each instance of culling requires 

individual permission from local authorities (Environmental Office of Hajdú-Bihar County, 

Hungary), where all our horses are registered. 
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1.3. Aims of the dissertation 

 

In my doctoral dissertation, I examined various social and demographic changes within 

the Przewalski horse population, based on a database collected over several decades. We hoped 

that the comprehensive studies would enable a better understanding of the processes affecting 

the population and provide guidance for managing the herd not only here in Hortobágy but also 

in other parts of the world. In the four studies, my specific objectives were as follows: 

1. We aimed to investigate social and demographic changes in the Pentezug population as 

density increases, and to examine how human and non-human-induced phenomena affect 

population growth. 

2. We wanted to measure changes in habitat use, activity, and condition of Przewalski’s 

horses during two distinct periods with significantly different densities of large grazers. 

3. We planned to examine the foaling rate and body condition of females in relation to age, 

population density and changing weather patterns (precipitation and temperature). 

4. We aimed to study the collective movements of Przewalski’s horses and explore the 

relationships between society structure and motion patterns. 
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2. Theoretical background 

 
2.1. Evolution of Przewalski's horses 

 

The first representative of the Equus genus evolved in North America 52 million years 

ago (Orlando, 2015). The ancestors of currently living Equids then crossed the Beringia and 

reached Europe, Africa, and Asia. Ancestors of present-day asses and zebras and the ancestors 

of horses arrived in Eurasia 2 million and 7 thousand years ago, respectively (Orlando, 2015). In 

the following centuries, the distribution of horse populations significantly changed in Eurasia. 

Horses flourished in the Pleistocene (Orlando et al., 2013), but collapsed during the Last Glacial 

Maximum when conditions were very harsh. By this time, horses disappeared from North 

America (Orlando, 2015). During the late Pleistocene and Holocene, wild Equids gradually 

disappeared from Europe due to natural and human factors (Pushkina, 2008) and were replaced 

by their domestic representatives. Horse domestication most likely happened in approximately 

3500 BC in the Eurasian Steppe, the area of present Ukraine and Kazakhstan (Vila et al., 2001, 

Kavar and Dovc, 2008). The populations of domestic horses (Equus ferus caballus) and 

Przewalski’s horses diverged approximately 45 thousand years ago, but some gene flow between 

the two subspecies occurred (Goto et al. 2011, Sarkissian, et al., 2015).  

 

2.2. Modern history of Przewalski’s horses (from 1881 to the present) 

 

The last wild descendants of Pleistocene wild horses became extinct in Europe and only 

managed to persist in greatly reduced numbers in the very remote border area between of China 

and Mongolia. As a result, the wild horses were not included in Linneau’s nomenclature system 

and remained unknown to the western world. The first mention of Przewalski’s horses came 

from John Bell, who traveled from St Petersburg to Peking (Mohr, 1971). Przewalski’s horses 

were not scientifically described until 1881 when a Polish soldier, Nikolai Michailovich 

Przewalski obtained some skins during his expeditions to Mongolia, and a scientist from the 

Zoological Museum of the Academy of Science in St. Petersburg, Ivan Semjonovich Poliakov, 

described them based on these samples (Bouman, 1986, Wakefield et al., 2002). Between 1887 

and 1902 several capturing expeditions were organized by European animal collectors, including 

Baron von Falz-Fein and Carl Hagenbeck (Wakefield et al., 2002). Adult horses were impossible 

to catch at that time; hence adults were shot, and young foals were live-captured and put together 

with domestic stepmothers. Later, between the 1930’s and 1950’s, only a few horse groups were 
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spotted and attempts to capture them were largely unsuccessful (Wakefield et. al., 2002). The 

last wild female horse (“Orlitza III”) was captured in 1947 and transported to Askania Nova 

(Bouman 1986). After that time, no more transports occurred, and Przewalski’s horses became 

extinct in the wild by 1969 (Bouman and Bouman, 1994). 

There were other, more severe factors that contributed to the extinction of Przewalski's 

horse in the wild beyond capturing expeditions (Van Dierendock and de Vries, 1996). Their 

population was already very small in the 20th century and a combination of severe weather and 

human activities accelerated their decline. A series of harsh winters in the 1940s and 1950s 

caused massive losses of both Przewalski's horses and local domestic animals (Bouman and 

Bouman, 1994). Additionally, advances in weaponry made hunting more effective, and the lands 

bordering China and Mongolia were increasingly used for domestic livestock (Van Dierendonck 

and de Vries, 1996, King, 2005). 

Fortunately, the species survived in captivity. Altogether, 54 young foals were captured 

and transported to Askania Nova (Southern Russia at that time), Hamburg and Halle (Germany), 

Edinburgh (Scotland), London (England), Paris (France), Goolist (Netherlands), New York, and 

Cincinnati (USA) (Bouman, 1986). Many of the foals died soon after their arrival, and only 12 

of them reproduced. During this time one of the stepmothers reproduced with them. Before 

World War II, 40–50 horses lived in 15–20 zoos (Bouman, 1986). During the war, many horses 

died; only 31 individuals survived, with 12 reproducing from this group (Wakefield et al., 2002). 

Altogether, 12 wild horse genomes contribute to today's population, but these were mixed with 

4 domestic horse genomes (Sarkassian et al., 2015).  

After the loss of the last horse in the wild, different breeding programs were established 

to avoid inbreeding and preserve genetic diversity as much as possible. In 1960, the first 

studbook (official record of the pedigree of animals) was published by Prague Zoo (Volf, 1994). 

This studbook collected data, including parentage, birth date, sex, date of death, and other vital 

statistics for each individual, from the founders to the current population. This studbook is still 

in use today, allowing for informed decisions regarding the transportation and breeding of horses 

in zoos to increase and maintain genetic diversity and minimize inbreeding at the population 

level. In 1979, a Species Survival Plan was set up for Przewalski’s horses in the USA, and in 

1986, a similar program, the European Endangered Species Program, was established in Europe 

(Bouman and Bouman 1994, King, 2005). This program was later renamed the European Ex-

situ Program (EEP). Due to these two programs, horses with known pedigrees were exchanged 

between zoos, to increase genetic diversity. As a result of these breeding programs, the number 
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of Przewalski’s horses increased significantly. Hence, the reintroduction of the species to the 

wild became possible (Wakefield et al., 2002).  

In 1992, two reintroduction projects were started in parallel in Mongolia. One was 

initiated by a Dutch couple, Inge and Ian Bouman, and supported by the Dutch Ministry of 

Development Aid (Wakefield et al., 2002, Turghan et al., 2022). Between 1992 and 2000 they 

transported 84 Przewalski’s horses to the 500 km2 Hustai Nuruu National Park (Hustai) in the 

mountain steppe of central Mongolia from Dutch semi-reserves (Dorj and Namkhai, 2013). This 

grassland area proved to be highly suitable for the horses, who have reproduced and reached 

approximately 420 horses by 2023. (Florian Drouard, project coordinator of Takh Association, 

personal communication, 2024).  

The second reintroduction project was started in the 9,000 km2 Great Gobi B Strictly 

Protected Area in the Dzungarian Gobi in SW Mongolia (Gobi) by the Mongolian government. 

This project was initially supported by the Mongolian government and Christian Oswald 

Foundation and since 1999 by the International Takhi Group (ITG), a Swiss-Mongolian NGO. 

Altogether, 131 horses were transported from different zoos to the area between 1992 and 2019 

(Bernátková et al., 2022). Between 1992 and 2007, 92 individuals were transported from 

different zoological gardens and the population slowly grew to 146 by the end of July 2009. 

However, the combination of a summer drought and an extreme winter (“dzud”) in 2009/2010 

destroyed 60% of the population (Kaczensky et al., 2011). New transports were organized by 

Prague Zoo and ITG and an additional 39 captive-born horses were transported to the Gobi 

between 2021–2019 (Bernátková et al., 2022). The number of horses peaked at 420 by the end 

of July 2022 (Ganbaatar Oyunsaikhan, the former director of the Gobi Strictly Protected Area, 

personal communication, 2024).  

A third reintroduction in Mongolia occurred in Komin Tal National Park in 2004 

(Enkhtur, 2007). This project was supported by Takh (Association pour le cheval de Przewalski), 

a French organization. Altogether 26 individuals were transported there between 2004 and 2011. 

This is the only place in Mongolia where horses live in semi-wild conditions in a 140 km2 fenced 

area, in contrast to the other Mongolian populations where they are free-ranging. Currently, 144 

horses live in this area (Jean-Louis Perrin, director of the Takh Association, personal 

communication, 2024).  

In China reintroduction projects began with the transfer of 24 horses from Europe and 

USA to three breeding centers between 1985 and 2005 (Wakefield et al., 2002, Zhigang et al., 

2019, Turghan et al., 2022). These centers were the Xinjiang Wild Horse Center, the Wuwei 

Endangered Species Breeding Center and the Beijing Nanhaizi Milu Park (Zhigang et al., 2019). 
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At the turn of the millennium, an attempt was made to translocate horses from these breeding 

center into the wild. Four protected areas were selected for the reintroduction of Przewalski’s 

horses: Kalamaili National Park (KNP) in Xinjiang, Anxi Extreme Drought Desert National 

Nature Reserve (ANR) and Dunhuang Xihu National Nature Reserve (DXNR) in Gansu, and 

Daqingshan National Nature Reserve (DNR) in Inner Mongolia. The most successful was the 

14700 km2 Kalamaili National Park. Between 2001 and 2013, a total of 89 horses were 

translocated from Xinjiang Breeding Center to Kalamaili (Xia et al., 2014). By the end of 2018, 

there were 221 horses roaming freely, though they need supplementary feeding in winter 

(Turghan et al., 2022). By the end of 2023, the population in Kalamaili National Park had 

increased to 340 Przewalski’s horses (Wenxuan Xu, personal communication, 2024). 

Due to all these combined reintroduction efforts, it was possible to downlist the IUCN Red List 

status Przewalski’s horses from Extinct in the Wild in 1996 to Critically Endangered in 2008, to 

Endangered in 2012 (Walzer et al, 2012, King et al. 2015). 

Besides reintroduction sites in Asia several semi-reserves were established in Europe in 

the 1990s where Przewalski’s horses were introduced. The largest of these was the 3,000-hectare 

Pentezug Reserve in Hungary, which began in 1997.  

In the 2010s, more large reserves were established. In 2015, a 16,000-hectare semi-

reserve was established for Przewalski’s horses in Orenburg, Russia. Between 2015 and 2017, 

36 horses were transferred there from European semi-reserves (Bakirova et al., 2019). The 

current population stands at 107 horses (Rafilya Bakirova, director, personal communication, 

2024). The newest introduction site is the Iberian Highland, Spain, where 25 Przewalski’s horses 

arrived in 2023 from France and Hungary. The goal here is to reintroduce wild large grazers to 

the area. In the recent years, there has been an ongoing effort to reintroduce the Przewalski’s 

horse to Kazakhstan, and thanks to international cooperation, the first seven horses arrived at an 

acclimatization center in the Altyn Dala steppe in 2024. 

 

2.3. Demographic traits of Przewalski’s horses 

 

The population growth of large grazers is influenced by various factors, including 

reproductive parameters such as reproductive rate and fecundity and environmental factors like 

food availability and weather conditions (Bronson, 1985). In areas where grazers are abundant, 

high population density can cause low birth rates, increased juvenile mortality, and declining 

body condition due to overgrazing (Grange et al., 2009, Richard et al., 2014). Weather conditions 
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play a crucial role in food availability and significantly impact body condition, and extreme 

weather events affect birth rates and mortality (Coulson et al. 2001). 

Equus genus includes only seven extant species, all of which are non-ruminant grazers 

primarily inhabiting semi-arid or arid open grasslands. Their feeding patterns, digestive system, 

reproductive physiology and general behavior are very similar (Rubenstein et al., 2016).  

Horses are highly adaptive, and feral population can be found across the world on open 

grasslands. Extensive research has been concluded on their demographic traits. Various 

environmental factors, such as harsh winters, extreme weather conditions, and population density 

affect different age groups in distinct ways. Middle-aged individuals and females without foals 

are less vulnerable to these challenges and their fecundity remains relatively unaffected by high 

density compared to younger horses (Richard, 2014). Extreme weather can reduce overall annual 

survival rate (Garrott et al., 1990). 

Przewalski’s horses went extinct in the wild before any studies could be conducted on 

their demographic parameters (Slotta-Bachmayr et al., 2004). However, observations during 

their time in zoos revealed reproductive behavior similar to that of domestic and feral horses 

(Duncan, 2012). Initial observations of reintroduced Przewalski’s horses suggested that first 

foaling of females typically occurs between the ages of 2 to 5 years (Bouman, 1998) and that 

mares are most productive until the age of 15. However, population dynamics differed between 

Hustai and the Gobi. Enkhtur (2007) observed that at the beginning of the projects the 

reproductive rate of females and the survival of their foals were about 2 to 3 times higher in 

Hustai as compared to Gobi. Possible explanations included different management regimes and 

sub-optimal ecological condition in the mountain steppes of Hustai versus the semi-desert in the 

Gobi (Enkhtur, 2007, van Dierendonck and de Vries 1996). 

Central Asian drylands are prone to extreme weather events, with particularly extreme 

winters (“Dzuds”) known to result in massive losses of domestic and wild ungulates (Bekenov 

et al. 1998, Kaczensky et al. 2011). In the Gobi, extreme winter events have negatively impacted 

the reintroduced Przewalski’s population from the beginning and were identified as the biggest 

threat to small and spatially confined populations (Slotta-Bachmayr et al. 2004). The validity of 

this prediction was proven correct in 2010 when a population crash occurred in Gobi, 

documented by Kaczensky et al. (2011). Several snowstorms in 2009–2010 resulted in the loss 

of 60% of the Przewalski’s horse population alongside 67% of the livestock. But even in in 

Hustai, Dorj and Namkhai (2013) demonstrated that severe winters caused 31,1% of the total 

deaths between 1993 and 2011. Tatin et al. (2011) examined mortality and female fecundity in 

a predator-free, closed population of Przewalski’s horses in La Villaret, France between 1994 
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and 2003. The population was small and increased from 11 to 55 during the study. Adult 

mortality was lower than juvenile mortality and did not correlate with density. However, density 

significantly affected subadult female fecundity. Decreasing space may have limited population 

growth, even when food availability was not a constraining factor (Tatin et al., 2011). 

 

2.4. Foraging and activity of Przewalski’s horses 

 

Equids are primarily grazers, with grass species comprising the bulk of their diet, 

supplemented occasionally with shoots, berries, and branches (Berger et al., 1999, Mutillod et 

al., 2024). Their cecal digestion system necessitates extensive grazing to maintain their 

nutritional needs (Janis, 1976, Duncan 2012). The last population of Przewalski’s horses 

inhabited a semi-desert region on the border of Mongolia and China, which was initially believed 

to be their natural habitat. Subsequent debates among scientists suggested that the Gobi more 

likely served as a refugium rather than their preferred habitat (Ryder, 1993, Van Dierendonck 

and Wallis de Vries, 1996, Turghan et al., 2022). This suggestion is also in line with findings 

that Przewalski’s horses were likely forced to exist on a mixed diet of grass and scrubs prior to 

extinction to avoid persecution by humans (Kaczensky et al. 2017). 

Early studies on reintroduced Przewalski’s horses indicated a preference for rich grasses 

and fescues, displaying seasonal selectivity in habitat choice to avoid harsh weather conditions 

and particularly favoring low or mid altitudes (King and Grunnel, 2005,). Despite daily 

fluctuations in activity during summer, horses tend to graze less as temperatures rise, often 

migrating to higher altitudes (Boyd and Bandi, 2002, King and Grunnel, 2005, Souris et al. 

2007). Their habitat preference typically aligns with areas boasting nutritious vegetation, 

resembling the behavior of feral horses (Duncan, 1983, King, 2002). While the horses are 

presumed to spend more time grazing during daylight hours in winter compared to summer, 

studies have reported conflicting findings, with some reports suggesting the opposite trend (Van 

Dierendonck et al., 1996, Berger et al., 1999, Kuntz et al., 2006). The reason behind this could 

be the differences in climate and food quantity and quality in the various study areas (Bernatkova 

et al,, 2022). 

 
2.5. Social structure of Przewalski’s horse populations 
 

Przewalski’s horses live in polygynous societies. The reproduction units are harems 

which normally included one male (harem stallion) and several not closely related females with 

their offspring (Klimov, 1998, Bouman, 1986), similar to feral horses (Rubenstein, 1986, 
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Duncan, 2012, Linklater and Cameron, 2000) and plain zebras (Klingel, 1969, 1974). Non-harem 

stallions form bachelor groups consisting of young males and/or former harem stallions. The 

bachelor groups are very flexible, while the harem groups are usually much more stable and stay 

together for years. Offspring, both males and females, always leave the natal group and join 

another group. Males usually spend 3–5 years in bachelor groups before becoming mature 

enough to have a chance to claim their own harem. Przewalski’s horses usually have only one 

stallion in a harem, but on rare occasions, there can be more than one adult male, similar to feral 

horses (Klimov, 1998, Linklater and Cameron, 2000). The initial phase of the reintroduction 

harem and bachelor groups usually have their own home ranges at reintroduction sites that can 

overlap slightly (King, 2002). These home ranges usually contain food and water sources and 

shelter (King, 2002, Ganbaatar, 2004). However, the Przewalski’s horses in Hungary ten years 

after introduction, started to move in one large herd, similar to plains zebras in Africa 

(Rubenstein, 1986) or feral horses (Duncan, 2012). The same phenomenon was observed in the 

Gobi B (Ganbataar Oyunsaikhan, personal communication, 2024). The most frequently accepted 

reason for large grazers uniting in herds is for protection from predators (Rubenstein, 1978). In 

this large unit, lactating females usually decide where to go (Fischhoff et al., 2006). 
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3. Objectives, methods, and results of our studies 

 

This Ph.D. thesis is based on four studies, which were published in four scientific articles 

(Kerekes et al., 2019, Kerekes et al., 2021, Heiko et al., 2023, Ozogány et al., 2023). A short 

summary of the objectives, methods, and results of the four articles is presented in this chapter, 

while the articles themselves can be found in the appendix. 

 

3.1. Study 1 

 

Viola Kerekes, István Sándor, Dorina Nagy, Katalin Ozogány, Loránd Göczi, Benjamin Ibler, 

Lajos Széles, Zoltán Barta (2021) Trends in demography, genetics, and social structure of 

Przewalski’s horses in the Hortobagy National Park, Hungary over the last 22 years. Global 

Ecology and Conservation, 25, e01407, Impact factor: 3.969, Q1 (Ecology). 

 

3.1.1. Objectives of the Study  

In 1997, when this project was initiated, the demographic parameters and social life of 

Przewalski’s horses were largely unexplored. Some experts were skeptical about whether 

Przewalski’s horses could survive in the Hungarian grassland for two reasons. Firstly, 

Przewalski’s horses are not identical genetically to the prehistoric wild horses originally living 

in the area. Secondly, the founders (and their ancestries) lived in captivity. Moreover, introducing 

large grazers to an adequate area without predators can be expected to lead to unlimited 

population growth until food sources become scarce and the population crashes. We also know 

that the entire global Przewalski’s horse population is based on only 12 wild founder horses. 

Thus, monitoring the genetic diversity and degree of inbreeding is important to maintain a viable 

population. In this study, we investigated social and demographic changes in the Pentezug 

population, examined how human and non-human-induced phenomena affect population 

growth, and determined how basic genetic characteristics changed on a population level. It is 

well known that species within the Equus genus are grazers and inhabit open grasslands 

(Rubenstein, 1986). We expected that this area, with its abundant grass and water sources, would 

be suitable for Przewalski’s horses, and that their population would grow until it reached the 

area's carrying capacity. 
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3.1.2. Methods of the Study  

HNP has been gathering data on horses, including information on births, deaths, imports, 

exports, parentage, group composition changes, and effects of PZP (immunocontraception) 

treatment on females, since the start of the project. Data collection was based on an individual 

identification system we developed, comprising three key components: group structure 

composition, individual photographic identification, and DNA examination of parentage. For 

this article, we utilized data collected between 1997 and 2018. Based on these comprehensive 

databases, we were able to calculate population growth rate, foaling rate, and mortality rate over 

time and explore the underlying reasons behind the observed changes. Continuous feedback from 

DNA parentage examinations enabled us to assess gene diversity and the inbreeding coefficient 

on the population level. Additionally, we analyzed changes in group size and number over the 

years. In this study, we focused on horses, but we also used data on the population size of the 

cattle to calculate large grazer density. 

 

3.1.3. Results of the Study  

Both horse and cattle numbers increased during the study period, reaching a peak in 2017 

with 329 horses and 580 cattle. However, in 2018, the horse population experienced a significant 

decline. Factors influencing horse numbers included both non-human (births and deaths) and 

human-induced (imports, exports, immunocontraception treatment, and culling) factors. The net 

effects of these factors can be observed in the population growth rate, which peaked in 2001 and 

was always above zero, except in 2018. The foaling rate was notably impacted by PZP treatment 

after 2013. Non-human-induced phenomena included an increased number of large grazers, 

which resulted in a decrease in foaling rate among non-treated females and a shift in the age of 

first foaling from 2–3 years old to 3–5 years old.  

Mortality rates were age and sex dependent. Mortality rates were higher in younger and 

older individuals and older males compared with females in the same age group. The only year 

when the mortality rate exceeded the birth rate was 2018, when almost 100 horses perished, 

likely due to overpopulation, insufficient food caused by a drought, and severely cold spring 

conditions.  

These demographic changes also had implications for genetic parameters. Gene diversity 

remained relatively stable around 0.8 while the inbreeding coefficient exhibited a slight increase. 

A notable change in the social structure of horses was observed; individual home ranges 

transitioned to the collective movement of the entire herd (comprising all harem and bachelor 

groups) approximately 8–10 years after their initial arrival.  
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3.2. Study 2 

 

Viola Kerekes, Katalin Ozogány, István Sándor, Zsolt Végvári, Csilla Czető, Bettina Nyírő, 

Timea Szabados, Lajos Széles, Zoltán Barta (2019) Analysis of habitat use, activity and body 

condition scores of Przewalski’s horse in Hortobagy National Park, Hungary. Nature 

Conservation Research, 4(Suppl. 2) 31-39. Q2 (Nature and Landscape Conservation). 

 

3.2.1. Objectives of the Study 

The Pentezug Project was established to maintain grassland with large grazers and 

minimal human intervention. Thus, Przewalski’s horses and reconstructed aurochs were 

introduced to the area. Regular data collection, including the number of horses and cattle, and 

changes were calculated typically at the end of each year. However, limited data were collected 

on other aspects of large grazers, such as condition scores, location and behavior, and their 

environment. These data were typically collected by staff members or students at random points 

throughout the project’s duration. Upon reviewing datasets collected from horse observations, it 

became apparent that a comparison of data from the initial and later phases of the project was 

possible. The initial and later phases of the project were characterized by lower (typically under 

100 or slightly more) and higher (typically more than 250) horses in the area, respectively. 

Additionally, a habitat map of the Pentezug Reserve was created in 2003. We hypothesized that 

these findings could provide insights into how a growing population affects food availability and 

the consequent impact on horse viability. In this study, we aimed to determine the difference in 

habitat use, activity, and condition of Przewalski’s horses in two distinct periods when the 

density of large grazers was significantly different. Our hypothesis was that as the number of 

horses increased, food would become limited, leading to a decline in their condition. This might 

cause them to alter their activity patterns and habitat preferences. 

 

3.2.2. Methods of the Study 

We compared three types of data pertaining to horses during two distinct periods of the 

project: GPS data, activity observations, and condition scores. GPS data on the location of horses 

were collected from 2004 to 2006 and 2013 to 2014, when there were 51–76 and 229–268 horses, 

respectively. The GPS data were processed into a shapefile using ArcMap 10.0 and integrated 

with the existing habitat map shapefile. To assess the habitat preference during the two periods, 

we compared the occupied proportion of different habitats relative to the entire area and the 

proportion of time horses spent in each habitat. We then compared the three most frequently used 
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habitat types in different seasons between the two time periods. Activity data, including resting, 

grazing, moving, alertness, interaction, and comfort behaviors, were collected using scan 

sampling methods from 2008 to 2009 and 2013 to 2014. The data were collected on 10 and 90 

females, respectively, during the two periods. During these periods, 111–132 and 229–268 

horses, respectively, were in the area. We calculated the ratio of each activity type to all recorded 

activities and compared activity percentages between the two periods. Condition scores, based 

on visual estimation, were collected in 2005 and 2018 from 50 and 90 horses, respectively. 

During these periods there were 68 and 267 horses in the reserve, respectively. Our condition 

scoring system was adapted from Rudman and Keiper (1991) and utilized hind-quarter scores 

ranging from 0 to 5. The data was grouped into bachelor, adult females, and young males, and 

condition scores were compared across these groups between the two time periods. 

 

3.2.3. Results of the Study  

The number of large grazers steadily increased from the inception of the project and 

peaked in 2017 at approximately 930 individuals, including cattle and horses. The population 

density at that time was 38.8 animals/km2. Several aspects of habitat use and body condition of 

Przewalski’s horses were significantly different in the two distinct periods, but the activity 

percentage did not change. Grazing emerged as a predominant activity throughout the year. 

However, in summer, horses spent much more time resting than in winter. Habitat use changed 

significantly in the winters of 2004–2006 and 2013–2014. During both periods, horses 

predominantly spent time grazing in three habitats - alkali meadow, alkali steppe, and open alkali 

grassland - accounting for 85% of the area. However, the proportion of use varied; horses utilized 

the alkali meadow and salt marsh less than expected based on habitat availability. Notably, 

during the initial phase of the project, horses exhibited a strong preference for weed vegetation, 

which diminished over time. This shift may be attributed to the initial search for high nitrogen 

and phosphorus content or was simply due to these horses coming from zoos and, consequently 

searching for shelter, which was provided by little houses surrounded by weed habitat. Seasonal 

habitat preference of the three most used habitats showed that in the initial phase of the project, 

the horses used these three habitats equally in each season, but, in the later phase of the project, 

the open alkali grassland was not used and the alkali meadow was used in a much higher 

proportion in winter. This change probably occurred because grass was available in the alkali 

meadow while the rest of the area was overgrazed. The body condition of females and young 

males significantly decreased with growing density, but the harem stallion’s body condition did 

not change. Female condition scores ranged from 3–4.5 and 2.5–4.5 in 2005 and 2018, 
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respectively. Young male body condition scores were 3.5–4.0 and 2.5–4.0 in 2005 and 2018, 

respectively. The growing animal density may have contributed to these observed differences 

between the two phases of the project. 

 

3.3. Study 3 

 

Heiko G. Rödel, Benjamin Ibler, Katalin Ozogány, Viola Kerekes (2023) Age-specific effects 

of density and weather on body condition and birth rates in a large herbivore, the Przewalski’s 

horse, Oecologia, 203(3), 435-451, Impact factor: 2.3, Q1 (Ecology, evolution, behavior and 

systematics). 

 

3.3.1. Objectives of the Study 

In the first two articles, we collected general data about Przewalski's horses and made 

simple observations about the effects of the growing number of large grazers on body condition 

and habitat use due to decreased food availability. Food availability may also affect demographic 

traits like foaling rate and age of first foaling in primiparous females. In this study, we aimed to 

further examine the foaling rate and body condition of females in connection with changing 

weather and density. We expected that harsh weather conditions and limited rainfall would 

negatively impact the foaling rate and overall condition of the horses. 

 

3.3.2. Methods of the Study 

We used the same database as in Study 1 plus weather data in the analysis. We examined 

the parturition of females born in the reserve and not treated with PZP (contraception). We used 

foaling data of females > 2 years old. Data were collected between 2000 and 2019. Foaling data 

were collected by HNP staff. DNA data analyses were conducted to confirm identity and 

parentage. During the analyses, we considered the reproductive effort of mothers (if they had 

foaled in the previous year). We examined if the late summer precipitation affected pregnancy 

and if the weather gives an advantage to females in the first year of their lives. We also examined 

the effects of late winter temperatures on conception, and, a year later, on foaling probability. 

We examined if the weather conditions affected the body condition of females. 

 

3.3.3. Results of the Study 

Most females gave birth at the age of 3 years during the examined period. After a middle 

age (5-13 years old) plateau, the foaling rate decreased with mothers’ age. Previous reproductive 
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efforts only affected younger and older females. In Study 1, we demonstrated that density 

negatively impacted foaling rates. We refined this observation by demonstrating that younger 

females are more sensitive to population density than older ones. Weather effects, such as 

temperature in winter or precipitation in late summer-early autumn, typically only altered the 

foaling rate if they were combined. For example, the lack of late summer precipitation in the first 

year of the females’ lives combined with a cold late winter before conception caused decreased 

foaling rates. The combination of lack of late summer precipitation both in the first year and the 

year of potential pregnancy also caused decreased foaling rates, especially among young females 

(2-4 years old). We observed similar density and weather effects on body condition. Increasing 

population density was accompanied by decreasing body condition in young females. The lack 

of late summer precipitation in the first year of life also significantly decreased body condition 

in young females. 

 

3.4. Study 4 

 

Katalin Ozogány, Viola Kerekes, Attila Fülöp, Zoltan Barta and Máté Nagy (2023) Fine-scale 

collective movements reveal present, past and future dynamics of multilevel society in 

Przewalski’s horses, Nature Communications, 14(1), 5096, Impact factor: 14,7 Q1 

(Biochemistry, Genetics and Molecular Biology). 

 

3.4.1. Objectives of the Study 

In Study 1, we demonstrated basic changes in the social structure of Przewlaski’s horses 

in the Pentezug Reserve. Specifically, we observed that harems and bachelor groups no longer 

used separate home ranges. This observation led us to investigate how the herd in Hortobágy 

synchronizes its movement and to identify the underlying reasons of the herd staying together. 

With a 23-year database about parentage (supported by DNA data) and group composition 

structure of individuals, we had a unique opportunity to investigate how fine scale movement 

reflects social structure in this population of Przewalski’s horses. At the start of the research, we 

knew that horses maintained harem formation even within the large herd. We hypothesized that 

this would be reflected in movement similarities and physical distances between horses. We also 

thought that friendships among females (how long they were in the same harem) might influence 

how closely they stay to one another, potentially affecting the entire herd. 
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3.4.2. Methods of the Study 

We made high-resolution video records of the whole herd of horses in Pentezug Reserve. 

Additionally, another drone made video records of individuals and groups. In this later video, 

horses were individually identified, and their positions in the first video record were determined. 

This method allowed us to follow the movement of most of the individuals in the herd. Five-

minute videos were recorded on five different days in 2018. We examined the distance and the 

movement similarity of each pair of horses and compared the movements to long-term 

demographic and social structure data 

 

3.4.3. Results of the Study  

The first important result of this study was the determination of social levels of the 

Przewalski’s horse herd based on fine scale movement patterns. Due to the distance and 

movement similarity of pairs of horses, we distinguished two levels: harem and herd. Even inside 

the harem, we were also able to identify families (female and her offspring) based on movement 

similarity. We observed that the synchronization between bachelor group members was lower 

than between harem members, indicating that bachelor groups were not as stable as harem 

groups. Familiarity (how much time females spend with each other in any harem) affected 

females' distance from each other within the harem. On the harem level, older harems with more 

experienced males had more members and a more central position in the herd’s social network. 

When we examined harem social distances, we found that harems with closely related males 

were closer to each other, and the exchange of females between these harems was higher. 

Interestingly, a female whose movement was more similar to another harem was more likely to 

move to this new harem in the next few years. 
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4. General discussion and future perspectives  

 

We investigated the Przewalski’s horse population in Hortobágy. Our findings have not 

only deepened our understanding of equine population dynamics in general but have also led to 

more effective population management strategies, a paramount challenge in recent years. Our 

investigations covered diverse facets of horse behavior and ecology, and we made key 

observations that have broader implications for similar conservation projects. These three key 

observations and the future perspectives are discussed in the following paragraphs. 

 

4.1. Management of large grazing projects in the absence of large predators requires 

adaptive human control 

 

In Europe, there is a growing interest in rewilding abandoned areas and reintroducing 

wild or feral large grazers and large predators to restore lost trophic chains (Svenning et al., 

2016). While domestic grazers were traditionally used in nature conservation areas to manage 

grasslands (Fraser et al., 2022), recent studies suggest that wild grazers may have different effects 

on vegetation (Mutillod et al., 2024). However, when introducing wild animals that have been 

missing in the area for decades or even for thousands of years, the natural question of whether 

the habitat is still adequate for these animals arises. Our research in HNP demonstrated that the 

grassland habitat is suitable for Przewalski’s horses and reconstructed aurochs. Over a span of 

15 years, the population of large grazers increased to the carrying capacity of the area (Study 1 

and Study 2). However, we observed natural limitations on population growth, such as reduced 

foaling rates with increasing density, particularly among primiparous females (Study 3). Human 

intervention, including immunocontraception treatment (PZP) and occasional culling (Study 1 

and Study 2), are necessary to maintain the balance between births and deaths. We started using 

culling and PZP (the later only on females) from 2011 and 2013, respectively (Study 1 and Study 

2). PZP was used on overrepresented females and young females, following the protocol used 

on feral horses in the USA. Despite these efforts, a population high number of deaths occurred 

in 2018, prompting us to implement measures based on our observations, including reducing the 

number of cattle and horses. We catch cattle every year in a corridor system to easily reduce their 

number. Reducing the number of horses required long-term planning based on the results of 

Studies 1-3. We began to use culling more systematically, mostly in early spring, to eliminate 

weak, old, and injured individuals (Study 1). We started to use PZP on middle-aged and older 

individuals and let primiparous females foal to reduce the number of females who can give birth 
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(instead of 50–60 females, only 20–30 could foal) and the actual number of surviving foals was 

reduced because young females are more sensitive to environmental effects (Study 3). Even if 

the young females give birth, they are often inexperienced in protecting the foals. In 2022 and 

2023, we managed to balance the number of births and deaths. Ultimately, our findings suggest 

that managing wild grazers in the absence of large predators is feasible but requires adaptive 

management approaches to prevent adverse events. 

 

4.2. Characteristic features of the population and environment have multilateral effects on 

the social behavior of horses and the demographic traits of the population 

 

Through continuous monitoring of social and demographic data, we observed significant 

changes over the project’s lifespan. Social structure shifted from separate home ranges to entirely 

overlapping ranges (Study 1 and Study 4). Furthermore, horses, including harem and bachelor 

groups, synchronized their movement, though harem and bachelor groups and even families 

within harems can be distinguished based on the level of movement synchronization (Study 4). 

We highlighted some aspects of how horses synchronize their movement and how kinship and 

friendship can shape the structure of harems and the herd (Study 4). We also showed that average 

harem size is the same in Hungary and Mongolia (Study 1). Thoroughly and simultaneously 

observing all individuals in these large groups and collecting data on individual behavior is very 

challenging. In Study 4, we have shown that 280 individuals can be simultaneously followed but 

processing the data and gaining meaningful results took years.  

With growing density, we observed reduced fecundity and foaling rates (Study 1 and 

Study 3) similar to other Przewalski’s (Tatin et al., 2009) and feral horse populations (Duncan, 

2012). We also observed changes in habitat choice (Study 2) and reduced condition scores (Study 

2 and Study 3), probably due to less available food. However, we could not measure vegetation 

changes along with the growing number of horses to support this hypothesis.  

Creating automated or semi-automated systems for identifying individual animals, 

tracking various behaviors, and assessing their condition based on video recordings would 

represent a highly efficient tool for obtaining real-time insights. Monitoring deteriorating 

conditions among horses or vegetation destruction through drone footage could serve as an early 

warning sign, prompting timely intervention to avert potential crises. This approach holds 

promise not only for managing Przewalski’s horses but also for rewilding initiatives involving 

other newly introduced large grazers in environments with limited or absent predator 

populations. 
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4.3. Individual identification is a very effective and useful tool for management and 

scientific studies 

 

All reintroduced areas and semi-reserves use individual identification of Przewalski’s 

horses based on individual traits and group position (Study 1). We have DNA parentage data of 

all our individuals that reach the age of one year, which is unique to the HNP. This dataset was 

very useful when we had to intervene with culling, transports, and PZP treatment (Study 1 and 

Study 2). We could plan events, especially PZP treatment and transport, while taking into 

account the genetic diversity at the population level. When transporting horses to new places, 

we can choose a highly diverse founder population. When treating horses with PZP, we can allow 

genetically valuable horses to reproduce while reducing the reproduction of horses that are 

overrepresented in the population. In this way, we can keep our genetic diversity high (Study 1). 

For these reasons, the population of Przewalski’s horses in the HNP is a very valuable gene pool 

reserve for the whole species. 

Individual recognition proved to be useful not just for management decisions but for more 

accurate and valuable scientific research. Current movement data can be compared to 20-plus-

year-old information on age, sex, and position in harems (Study 4). Following the lifelong 

fecundity of each female and determining the effects of weather on foaling was also possible 

(Study 3). However, the time-consuming nature of individual recognition presents a challenge, 

requiring frequent checks by staff members to maintain identification accuracy, especially in 

large populations.  

In conclusion, our studies offer insights into the dynamics of Przewalski’s horse 

populations and provide valuable lessons for managing similar rewilding projects. By combining 

scientific research with adaptive management practices, we effectively conserved wild grazers 

and their habitats, contributing to broader conservation efforts and biodiversity conservation. 

 

4.4. Future perspectives 

 

In the future, we plan to investigate other aspects of demography, social structure, and 

population management of Przewalski’s horses in the Pentezug Reserve.  

First, we would like to continue to analyze the relationship between demographic traits 

and the environment to have a better understanding of how to best manage our population. 
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Currently, we are working on a manuscript focused on foal survival, and we are preparing a 

report on the long-term effects of PZP on fecundity and reversibility in Przewalski’s horses. 

Second, our goal is to deepen our understanding of the intricate relationship between 

horses and their environment. Planned research initiatives include comparative studies across 

continents to elucidate how environmental shifts impact demographic and social traits in diverse 

Przewalski’s horse populations. We believe that existing demographic and weather data 

collected on semi-wild and wild Przewalski’s horses could be restructured to facilitate 

comparisons among all sites. Additionally, we aim to synchronize our data collection methods 

with other Przewalski’s horse sites to enable standardized real-time comparisons. 

Third, we are focusing on developing automated identification systems to streamline 

fieldwork. Collaborating with Stuttgart University, Debrecen University and Eötvös Lóránt 

Universtiy, we have been working on automatic horse identification using drones for the past 

three years. Stuttgart University aims to develop drones that automatically follow horses and 

record 3D pose data. We plan to utilize this technology to create an automatic condition-scoring 

system for estimating the well-being of our population, particularly during the winter when 

daylight hours are limited. 

Last, ongoing efforts to gather comprehensive data on vegetation, field use, parasitology, 

water quality, and weather aim to uncover reciprocal effects between horses, cattle, and their 

environment. Through these initiatives, we endeavor to advance our comprehension of the 

intricate interplay between equines and their surroundings. 

Collectively, our completed, ongoing, and planned studies, presented in this dissertation, 

contribute to a better understanding of the demography and social life of an endangered species, 

the Przewalski’s horses, and may help to develop more effective population management 

strategies for large grazers. 
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5. Summaries  

 

5.1. Összefoglaló (Summary in Hungarian) 

 

Jelen doktori disszertációban a Hortobágyon élő Przewalski lovakkal (Equus ferus 

przewalskii) kapcsolatos tanulmányaimat ismertetem. A faj őse a prehisztorikus vadló, mely az 

ember előretörésével fokozatosan eltűnt Európából majd Ázsia nagy részéről is. 1881-ben 

Nyikolaj Przewalski kapitány Mongólia és Kína határvidékén megfigyelt és leírt egy vadló 

populációt. A faj a zord időjárási körülmények, a katonai tevékenységek és az elfogó expedíciók 

hatására eltűnt a vadonból, az utolsó egyedet 1969-ben látták. Az állatkertnek és a nemzetközi 

összefogásnak köszönhetően a faj fennmaradt, és szaporodásnak indult, majd lehetővé vált 

visszatelepítésük az eredeti élőhelyükre. 1985-ben Kínába, majd 1992 Mongóliába vittek 

egyedeket állatkertekből. Később európai területekre (Ukrajna, Magyarország, Franciaország) is 

telepítettek lovakat. Jelenleg mintegy 2500-3000 példány él a világon, ezek összesen 12 egyed 

leszármazottjai.  

A Hortobágyi Nemzeti Park vezetősége 1997-ben döntött úgy, hogy egy olyan területet 

alakít ki, ahol nagytestű legelő állatok élnek „félvad” körülmények között minimális ember 

beavatkozás mellett. Ezért Przewalski lovakat és rekonstruált őstulkokat telepítettek be a 3000 

hektáros, villanypásztorral körbekerített, un. Pentezug területre. A Hortobágyi Nemzeti Parkban 

(más területekhez hasonlóan) a lovak hárem csapatokban élnek, ahol egy hárem csődör 

védelmezi a csapatot és hozzá évekig hűséges kancák és csikóik élnek együtt. Az ún. agglegény 

csapatban fiatal mének vagy kiöregedett hárem csődörök verődnek össze. A fiatal egyedek 

mindig elhagyják a csapatot: a kancák egy másik, nem közel rokon mén által vezetett csoporthoz 

csatlakoznak, a mének pedig az agglegényekhez. A lovakat egyedileg ismerjük fel csoportbeli 

hovatartozásuk és egyedi bélyegeik alapján Ezen felül a lovakból vett biopszia minta genetikai 

elemzésével a szülők személye biztosan beazonosítható. 

A doktori értekezésemben a Przewalski ló populációjának különböző szociális és 

demográfiai változásait vizsgáltam, a több évtizeden át gyűjtött adatbázis alapján. Abban 

bíztunk, hogy az átfogó tanulmányok elehetővé teszik a populációra ható folyamatok jobb 

megértését és támpontot adhatnak az állomány kezelésében nemcsak itt Hortobágyon, hanem a 

világ más tájain is. A négy tanulmányban konkrét céljaim a következők voltak: 

1. Az első tanulmányban a pentezugi populáció szociális és demográfiai változásait 

követtük nyomon. Megvizsgáltuk, hogy az emberi és nem emberi eredetű jelenségek hogyan 
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befolyásolják a populáció növekedését, és meghatároztuk, hogyan változtak az alapvető 

genetikai jellemzők populációs szinten. 

2. A második a tanulmányban célunk az volt, hogy meghatározzuk a Przewalski lovak 

élőhelyhasználatának, aktivitásának és kondíciójának különbségét két különböző időszakban, 

amikor a nagytestű fűevők egyedsűrűsége jelentősen eltérő volt. 

3. A harmadik a tanulmányban célunk az volt, hogy megvizsgáljuk a csikózás arányát és a 

kancák kondícióját a változó időjárás és az egyedsűrűség összefüggésében. 

4. A negyedik tanulmányban megvizsgáljuk, hogyan tükrözi a finom léptékű mozgás a 

szociális struktúrát ebben a Przewalski ló populációban.  

A tanulmányokból származó eredmények alapján megállapítottuk, hogy a pentezugi 

vadló populációra mind a szociális mind a környezeti faktorok hatással voltak. A lovak száma 

dinamikusan növekedett 1997 után és az eleinte elkülönült hárem csapatok egy nagy ménest 

alkotva mozogtak. A mozgási mintázatok tükrözték az állatok szociális viszonyait és a ménesen 

belül ez alapján jól elkülöníthetőek voltak a hárem és agglegény csapatok. Az állomány 

növekedésének megfékezésére 2013-ban kezdődött a területen a mesterséges termékenység-

szabályozás a Porcine zona pellucida (PZP) alkalmazásával. Az egyedszám növekedésével 

párhuzamosan csökkent a PZP-vel nem kezelt kancák ellési rátája és az első ellés 3 éves korról 

4-5 évesre tolódott. A nagyobb állatlétszám hatására megváltozott az lovak területhasználata és 

kondíciójuk is csökkent. Bizonyos időjárási jelenségek kombinálódása (például hideg tél, kevés 

őszi csapadék a kancák első évében vagy ellés előtt), az tovább csökkenthette az ellési rátát. 

2018-ban az elhullás jelentősen megnövekedett a korábbi évekhez képest az extrém hideg tavasz, 

az előző aszályos évek, és a nagy állatlétszám (lovak és marhák) miatt. Azóta a lovak populációja 

újra növekedésnek indult, de igyekszünk az eddigi tudást felhasználni az állomány 

növekedésének visszafogására.  

 A kutatómunkák során a lovak demográfiával, szociális viselkedésével kapcsolatban 

három általános megfigyelést tettünk. (1) A vadon tartott nagytestű fűevők állományának 

szabályozása adaptív emberi beavatkozást igényel. (2) A lovak szociális viselkedését és az 

állomány demográfiai jellemzőit számos belső és külső tényező együttesen határozza meg. (3) 

A lovak egyedi felismerése nagyon hatékony és hasznos eszköz mind az állomány 

szabályozásban mind a kutatásban. Összegzésképpen elmondhatjuk, hogy a kutatásaink 

hozzájárultak a Przewalski lovak demográfiájának és szociális viszonyainak jobb megértéséhez, 

továbbá a nagytestű fűevőekkel történő területkezelés hatékonyságának növeléséhez. 
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5.2. Summary in English 

 

In this doctoral dissertation, I present my studies related to the Przewalski's horses (Equus 

ferus przewalskii) living in the Hortobágy. The species' ancestor is the prehistoric wild horse, 

which gradually disappeared from Europe and most of Asia due to human expansion. In 1881, 

Captain Nikolai Przewalski observed and described a wild horse population along the border of 

Mongolia and China. Due to harsh weather conditions, military activities, and capture 

expeditions, the species vanished from the wild, with the last sighting occurring in 1969. Thanks 

to zoos and international cooperation, the species survived and began to reproduce, allowing for 

its reintroduction into its original habitat. In 1985, individuals were taken to China, and in 1992 

to Mongolia from zoos. Later, horses were also introduced to European regions (Ukraine, 

Hungary and France). Currently, about 2,500–3,000 individuals exist worldwide, all descendants 

of 13 individuals. 

In 1997, the management of the Hortobágy National Park decided to create an area where 

large grazing animals could live under "semi-wild" conditions with minimal human intervention. 

As a result, Przewalski’s horses and reconstructed aurochs were introduced to the 3,000-hectare, 

electric-fenced area called Pentezug. In the Hortobágy National Park (as in other areas), the 

horses live in harem groups, where a harem stallion protects the group, and mares and their foals 

live together, remaining loyal to the stallion for years. In the so-called bachelor groups, young 

stallions or former harem stallions band together. Young individuals always leave the group: 

mares join another group led by an unrelated stallion, and stallions join the bachelors. We 

recognize the horses individually based on their group affiliation and unique markings. 

Additionally, by performing genetic analysis on biopsy samples taken from the horses, the 

identity of the parents can be reliably determined. 

In my doctoral dissertation, I examined various social and demographic changes within 

the Przewalski horse population, based on a database collected over several decades. We hoped 

that the comprehensive studies would enable a better understanding of the processes affecting 

the population and provide guidance for managing the herd not only here in Hortobágy but also 

in other parts of the world. In the four studies, my specific objectives were as follows: 

1. In the first study, we tracked the social and demographic changes of the Pentezug 

population. We examined how human and non-human factors influenced population 

growth and identified how basic genetic characteristics changed at the population level. 
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2. In the second study, our goal was to determine the differences in habitat use, activity, and 

condition of the Przewalski horses during two different periods when the density of large 

grazers varied significantly. 

3. In the third study, our aim was to investigate the foaling rate and the condition of the 

mares in relation to changing weather patterns and population density. 

4. In the fourth study, we examined how fine-scale movements reflect the social structure 

in this Przewalski horse population. 

Based on the results of the studies, we determined that both social and environmental 

factors affected the Pentezug wild horse population. The number of horses increased dynamically 

after 1997, and initially distinct harem groups began to move as one large herd. Movement 

patterns reflected the social relationships among the animals, and within the herd, the harem and 

bachelor groups were clearly distinguishable. To control the population's growth, artificial 

fertility regulation began in 2013 with the application of Porcine zona pellucida (PZP). As the 

population grew, the foaling rate of mares not treated with PZP decreased, and the age of first 

foaling shifted from 3 years to 4–5 years. The increase in the number of animals also affected 

the horses' land use, and their condition declined. Certain weather phenomena (such as a cold 

winter or low autumn rainfall during a mare's first year or before foaling) further reduced the 

foaling rate. In 2018, mortality increased significantly compared to previous years due to an 

exceptionally cold spring, previous drought years, and the high animal density (horses and 

cattle). Since then, the horse population has started to grow again, but we are striving to use the 

knowledge gained to curb the population's growth. 

During our research, we made three general observations regarding the demography and 

the social behavior of the horses. (1) The regulation of large grazing herbivore populations in the 

absence of predators requires adaptive human intervention. (2) The social behavior of the horses 

and the demographic characteristics of the population are influenced by a combination of internal 

and external factors. (3) Individual recognition of the horses is an effective and useful tool for 

both population management and research. In conclusion, our research has contributed to a better 

understanding of the demography and social relationships of Przewalski’s horses and has 

enhanced the effectiveness of managing areas with large grazing herbivores. 
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