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1. Eurasian lynx (Lynx lynx) reintroduction programmes in Europe 

and project LIFE Lynx 

JAKUB KUBALA, BRANISLAV T#a, PETER SMOLKO, Tha#~ I]Yh, PETER KLINGA, MICHAL B9[#Y, EVA Gw9Dhwh±# & 

RUDOLF KROPIL 

Due to the direct or indirect consequences of human activities in Europe, the abundance of large 

carnivores including Eurasian lynx (Lynx lynx) has decreased dramatically (Chapron et al. 2014, Wilson 

2018). At the end of the 18th century, lynx populations were widespread only in the Alps, Balkans, 

Carpathians, Eastern Europe, Baltics, Finland and Scandinavia ό.ǊŜƛǘŜƴƳƻǎŜǊ ϧ .ǊŜƛǘŜƴƳƻǎŜǊ ²ǸǊǎǘŜƴ 

2008). The subsequent and wider trend of extinction of lynx populations continued in the early 19th 

century, culminating in the total extinction of this species in most of Europe (Wilson 2018). During the 

ƳƛŘŘƭŜ ƻŦ ǘƘŜ нлǘƘ ŎŜƴǘǳǊȅΣ ǘƘŜ ŜȄǇŀƴǎƛƻƴ ƻŦ ƭȅƴȄ ǇƻǇǳƭŀǘƛƻƴǎ ƛƴ 9ǳǊƻǇŜ ǿŀǎ ƳƛƴƛƳŀƭ όYǊŀǘƻŎƘǾƝƭ мфсуŀΣ 

b) and only 4 autochthonous populations, Balkan, Baltic, Carpathian and Scandinavian, were 

preserved, but their trend continued to decline (Breitenmoser & Beitenmoser- ²ǸǊǎǘŜƴ мффлΣ нллуΣ 

von Arx et al. 2009). Around 1950, the negative trend of lynx in Europe stopped, mainly due to the 

status of a protected species and the controlled legal hunting, as well as the regeneration of forests 

and certain prey species (Wilson 2018). Relatively favourable status of the autochthonous population 

of lynx in Slovakia during the 1970s and 1980s and its geographical proximity to historically extinct lynx 

in the Western and Central Europe enabled the subsequent implementation of reintroduction 

programs ό.ǊŜƛǘŜƴƳƻǎŜǊ ϧ .ǊŜƛǘŜƴƳƻǎŜǊ ²ǸǊǎǘŜƴ нллуΣ [ƛƴƴŜƭƭ Ŝǘ ŀƭΦ нллфύΦ These programs included 

the translocation of approximately 172 to 177 lynx into 15 different regions from 8 countries. Of all 

translocated animals, 57% were wild lynx, 40% were individuals born in captivity and the origin of the 

remaining 3% of animals is currently unknown (Linnell et al. 2009, von Arx et al. 2009, Wilson 2018). 

During the 50s and 60s of the 20th century, several zoological gardens of Bojnice, Bratislava, Ostrava 

and Brno were involved in capturing wild lynx in Slovakia όYŀƭǳȌŀ мфссύΦ However, lynx were captured 

by means of steel foothold traps and the combination of serious injuries caused by this method with 

excessive stress led to the constant death of the animals. The first successful capture of an uninjured 

ƭȅƴȄ ƛƴ ŀ ǿƻƻŘŜƴ ōƻȄ ǘǊŀǇ ǿŀǎ ǊŜŀƭƛȊŜŘ ƻƴ ±ȇŎƘȅƭƻǾƪŀ ƛƴ ǘƘŜ {ƭƻǾŀƪ Beskids (northwest Slovakia) in the 

ŜŀǊƭȅ мфслǎ ōȅ ŦƻǊŜǎǘŜǊ ŀƴŘ ƘǳƴǘŜǊ .ƻƘŘŀƴ aǸƭƭŜǊ ό{ǘƻƭƛőƴȇ нллфύΦ More lynx were captured in the 

same area by foresters from the Kysuce Forest EnterpriseΣ aǊΦ aƭȅƴłǊ ŀƴŘ Mr. Vaterka όYŀƭǳȌŀ мфсс, 

Zatroch 2014). Also, foresters and game managers from Betliar namely hǘǘƻ CŞƘŜǊΣ Włƴ aǊŜƴƛŎŀ ŀƴŘ 

]ǳōƻƳƝǊ #ǊǾŀȅΣ and hunters ŦǊƻƳ ǘƘŜ ƘǳƴǘƛƴƎ ƎǊƻǳƴŘ 5ƻōǑƛƴł - Jozef YƭŀǳȊƳŀƴ ŀƴŘ WƻȊŜŦ ±ƻȊłǊΣ 
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performed lynx trapping in the Slovak Ore Mountains (central Slovakia). Further, hunters from the 

hunting ƎǊƻǳƴŘ {ǇƛǑǎƪŞ ±ƭŀŎƘȅΣ WƻȊŜŦ ±ƝǘƪƻǾǎƪȇ ŀƴŘ Ƙƛǎ ŦǊƛŜƴŘ CǊŀƴǘƛǑŜƪ hƯǑŀǾǎƪȇ ǿŜǊŜ ŀƭǎƻ ǾŜǊȅ 

successful in capturing lynx within {ǇƛǑ ǊŜƎƛƻƴ (eastern Slovakia) ό{ǘƻƭƛőƴȇ нллфύΦ However, the most 

successful at trapping lynx in Slovakia was ~ǘŜŦŀƴ ½ŀǘǊƻŎƘ όŀ ǘƻǘŀƭ ƻŦ пт ŎŀǇǘǳǊŜŘ ƛƴŘƛǾƛŘǳŀƭǎύ, a forester 

ŦǊƻƳ YǊłǎƴƻƘƻǊǎƪŞ tƻŘƘǊŀŘƛŜ Forest Enterprise, followed by the game manager from the 

YǊłǎƴƻƘƻǊǎƪŞ tƻŘƘǊŀŘƛŜ ŦƻǊŜǎǘ ŜƴǘŜǊǇǊƛǎŜ [ŀŘƛǎƭŀǾ [ǸƪǀΣ ŀƴŘ ŦƻǊŜǎǘŜǊǎ ŀƴŘ ƘǳƴǘŜǊǎ hƴŘǊŜƧ IƻƳǊƻƪ 

ό.ƾǊƪŀύ, ]ǳŘƻǾƝǘ YŜǊŜƪŜǑ ό.ƾǊƪŀύΣ WƻȊŜŦ YƻǊŎǎƳłǊƻǎ ό[ǵőƪŀύΣ ~ǘŜŦŀƴ aŀǘŜǎȊ ό.ƾǊƪŀύΣ [ŀŘƛǎƭŀǾ ¢ǀǊǀƪ 

(Hrhov), Mr. Fabo (the wƻȌƶŀǾsko - Silicƪł planina), Benko όwŀƪƻǾƴƛŎŀύΣ ¿ǵŘŜƭ όwŀƪƻǾƴƛŎŀύΣ ŀƴŘ 

{ƭƻǇƻǾǎƪȇ όthe tƭŜǑƛǾŜŎƪł planina, Zatroch 2014). Lynx were also captured in the Gelnica, Habovka, 

Poprad, and wǳȌƻƳōŜǊƻƪ forest enterprises, and in Hranovnica (Zatroch 2014). 

Lynx trapping in Slovakia has been realized for almost four decades as a management tool of the 

lynx population along with legal hunting of this species (Smolko & Kubala 2017, Smolko et al. 2018, 

Kubala et al. 2019a). Of all hunted lynx (3 230 individuals during the period 1954 - 1999, Kubala et al. 

2020), the share of captured animals in certain periods and years represented approximately 10 - 18% 

όIŜƭƭ ϧ {ƭŀƳŜőƪŀ мффсύΦ 5ŜǎǇƛǘŜ ǘƘŜ ŜȄŎŜǎǎƛǾŜ ƴǳƳōŜǊ ƻŦ trapped individuals in combination with legal 

hunting, these activities had no negative influence upon the lynx demography in the source population 

όIŜƭƭ ϧ {ƭŀƳŜőƪŀ мффсΣ IŜƭƭ Ŝǘ ŀƭΦ нллпΣ ½łǘǊƻŎƘ нлмпΣ {Ƴƻƭƪƻ ϧ Yǳōŀƭŀ нлмтΣ {Ƴƻƭƪƻ Ŝǘ ŀƭΦ нлмуΣ 

Kubala et al. 2019). On the contrary, cooperation among the forestry, hunting and conservation 

communities alongside with the management of official reintroduction programmes in the Slovak 

Carpathians are regarded to be an excellent international model for sustainable international 

conservation of lynx in Europe ό.ǊŜƛǘŜƴƳƻǎŜǊ ϧ .ǊŜƛǘŜƴƳƻǎŜǊ ²ǸǊǎǘŜƴ нллуΣ {Ƴƻƭƪƻ ϧ Yǳōŀƭŀ нлмтΣ 

Smolko et al. 2018, Wilson 2018, Kubala et al. 2019). Although some of the reintroduced populations 

initially prospered, the trend of most of them is currently stagnant to declining and the populations 

suffer from inbreeding due to the low number and kinship of the founding animals. (Breitenmoser-

²ǸǊǎǘŜƴ ϧ hōŜȄŜǊ-wǳŦŦ нллоΣ нлмрΣ {ƪǊōƛƴǑŜƪ Ŝǘ ŀƭΦ нлммΣ {ƛƴŘƛőƛŏ Ŝǘ ŀƭΦ нлмоΣ .ƻƛǘŀƴƛ Ŝǘ ŀƭΦ нлмрύΦ 

The lynx population in the Dinaric Mountains (present-day Slovenia and Croatia) became extinct at 

the beginning of the 20th century, and the species did not occur in the country for almost seventy years. 

In the 1970s, as awareness of the world's environment increased, the lynx reintroduction program to 

Switzerland illustrated the ethics of next-generation nature conservation, followed by Slovenia and 

Croatia ό.ǊŜƛǘŜƴƳƻǎŜǊ ϧ .ǊŜƛǘŜƴƳƻǎŜǊ ²ǸǊǎǘŜƴ нллуΣ Linnell et al. 2009, von Arx et al. 2009, Wilson 

2018). Lƴ мфтнΣ ~ǘŜŦŀƴ ½ŀǘǊƻŎƘ ŎŀǇǘǳred six lynx in Slovakia, which were placed in the Ostrava Zoo with 

the intention of their reintroduction to the Harz Mountains in Germany. However, this reintroduction 
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ǇǊƻƎǊŀƳ Ƙŀǎ ōŜŜƴ ǇƻǎǘǇƻƴŜŘΦ 5ǳǊƛƴƎ ǘƘŜ Ǿƛǎƛǘ ƻŦ ǘƘŜ {ǿƛǎǎ ƘǳƴǘŜǊ YŀǊƭ ²ŜōŜǊ ǘƻ YƻőŜǾƧŜ, Slovenia, 

ƛƴǘŜǊǾƛŜǿǎ ǿŜǊŜ ƘŜƭŘ ǿƛǘƘ [ŀŘŀ ~ǾƛƎŜƭƧΣ /ƛǊƛƭ ~ǘǊǳƳōŜƭƧΣ ŀƴŘ aŀƪǎ YƻƴŜőƴƛƪΣ ƻŦŦƛŎƛŀƭǎ ŦǊƻƳ ǘƘŜ wƻƎ {ǘŀǘŜ 

Hunting District, about the fact that the six lynx could be available for reintroduction in Slovenia. Weber 

offered funding for all costs and the lynx were brought to a quarantine facility in the Rog State Hunting 

District. After a 46-Řŀȅ ǉǳŀǊŀƴǘƛƴŜΣ ǘƘŜȅ ǿŜǊŜ ǊŜƭŜŀǎŜŘ ƛƴǘƻ ǘƘŜ YƻőŜǾǎƪƻ ǊŜƎƛƻƴ ƻƴ aŀǊŎƘ нΣ мфто 

(Wilson 2018, Wilson et al. 2019). This reintroduction program was one of the most successful in 

Europe. Lynx reproduced and the population increased and expanded, but there were no other 

populations in its vicinity and therefore they remained isolated. In the mid-1990s, the Dinaric 

population declined significantly, mainly due to genetic and health problems caused by inbreeding 

ό{ƪǊōƛƴǑŜƪ Ŝǘ ŀƭΦ нлммΣ {ƛƴŘƛőƛŏ Ŝǘ ŀƭΦ нлмоΣ .ƻƛǘŀƴƛ Ŝǘ ŀƭΦ нлмрΣ ²ƛƭǎƻƴ нлмуΣ ²ƛƭǎƻƴ Ŝǘ ŀƭΦ нлмфύΦ The 

long-term occurrence of inbreeding has caused a reduction in the survival of lynx as well as their 

reproductive success. This effect would accumulate until the inbreeding depression causes the 

population to collapse, and it re-becomes extinct (Wilson et al. 2019). Therefore, in order to save the 

population from extinction and ensure its long-term viability in the Dinaric Mountains and the South-

Eastern Alps (as well as in other reintroduced populations), it was necessary to relaunch reinforcement 

and reintroduction programs with further lynx from the source Carpathian population (Breitenmoser 

нлммΣ {ƛƴŘƛőƛŏ Ŝǘ al. 2013, Boitani et al. 2015). 

Capturing and translocating animals due to their reintroduction, or reinforcement and 

conservation, requires relevant and systematic research on the source population, with an emphasis 

on its abundance and trend, as well as its genetic diversity and health status (von Arx et al. 2009, 

IUCN/SSC 2013, Smolko & Kubala 2017, Smolko et al. 2018, Wilson 2018, Kubala et al. 2019a, b). Results 

of the research allow us to assess whether the lynx population in an area corresponds with the 

favourable status for lynx as a species of European importance (NATURA 2000; Kropil 2005), and 

whether it is suitable for trapping and translocating animals without any negative consequences for its 

viability (IUCN/SSC 2013). Based on the data, it is then possible to implement the reintroduction or 

reinforcement of the lynx in the Central and Western Europe (Breitenmoser et al. 2000, von Arx et al. 

2004, Boitani et al. 2015, Smolko & Kubala 2017, Smolko et al. 2018, Kubala et al. 2019a, b, 2020b). 

Such approach is in accordance with objectives of the Management plan for the Eurasian lynx in 

{ƭƻǾŀƪƛŀ ό!ƴǘŀƭ Ŝǘ ŀƭΦ нлмтΤ ƘŜǊŜƛƴŀŦǘŜǊ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άManagement planέύΣ /ƻǳƴŎƛƭ 5ƛǊŜŎǘƛǾŜ ƴƻΦ 

92/43 / EEC of 21 May 1992 on the conservation of natural habitats and of wild fauna and flora (the 

Habitats Directive), the Key Actions for Large Carnivores in Europe (Boitani et al. 2015), the 

Recommendations for reintroductions and further translocations of species for conservation purposes 
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(IUCN / SSC 2013) and the Recommendations for the conservation of Eurasian lynx in Europe (Standing 

Committee of the Berne Convention, in prep.). 

To support current international efforts by Slovenia, Croatia, Italy and Romania to reinforce lynx 

populations in Alps, the Department of Applied Zoology and Wildlife Management, Faculty of Forestry, 

Technical University in Zvolen (hereinafter TUZVO) in cooperation with the Ministry of the 

Environment of the Slovak Republic (hereinafter MoE SR) and the National Zoological Garden Bojnice 

(hereinafter NZG Bojnice) entered the LIFE Lynx project "Preventing the Extinction of the Dinaric - 

South-Eastern Alpine Lynx Population Through Reinforcement and Long-term Conservation" (LIFE16 

NAT/SI/000634). As the main activity, TUZVO realizes the systematic monitoring of lynx populations in 

central (Vepor MountainsΣ ±ǘłőƴƛƪ Mountains) and eastern Slovakia (Volovec Mountains) as potentially 

suitable areas with lynx population in the favourable status. The project aims to save the lynx 

populations in the Dinaric Mountains and in the South-Eastern Alps from extinction by improving their 

genetic diversity and demographic trend. In particular, experts plan to reduce inbreeding and reverse 

the decline of the Dinaric - South-Eastern Alpine lynx population by reinforcing it with animals from a 

viable source population from the Carpathian Mountains (Slovakia and Romania). Conservation 

management is established at a transboundary level across all EU countries, which share this 

population, in order to develop and implement a standardized and systematic approach to ensure 

long-term viability of the reinforced population. The reinforcement process is supported by 

stakeholders (hunters, foresters, nature conservation, livestock farmers, etc.) to foster broad public 

acceptance at local, regional and national level. The long-term goal of the project is to achieve a stable 

gene flow between reintroduced populations in the Dinaric Mountains and the South-Eastern Alps with 

the establishment of other populŀǘƛƻƴ ƴǳŎƭŜǳǎΣ ƪƴƻǿƴ ŀǎ ƭȅƴȄ άǎǘŜǇǇƛƴƎ ǎǘƻƴŜέ ό²ƛƭǎƻƴ et al. 2019). 

For this purpose, two lynx were released in the Julian Alps, Italy in 2014, to join other lynx that had 

migrated into the area, as a result of its reintroduction in the Dinaric Mountains in the 80s and 90s. 

The long-term viability of lynx populations in the Central and Western Europe can only be guaranteed 

if the current isolated populations are linked to the autochthonous European meta-lynx population in 

the Carpathians (Wilson et al. 2019, Fig. 1). 
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Figure 1. Eurasian lynx translocations in the Central and Western Europe (Breitenmoser & Breitenmoser-²ǸǊǎǘŜƴ 
2016). Bold lines represent spontaneous lynx migrations, while dashed lines already implemented and planned 
translocations. 
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2. Systematic camera trapping of lynx population in the ±ǘłőƴƛƪ 

Mountains 

JAKUB KUBALA, PETER SMOLKO, NUNO FILIPE G¦La!w%ES, BRANISLAV T#a, ]¦.haNw FERLICA, TIBOR PATAKY, 

STJEPAN S¢htL0, PETER KLINGA, L¦Y#~ Hh[#{9Y, PETER GRMAN,  

PETER Kh±#2, ]¦.haNw URBAN, PETER HOLKA, EVA Gw9Dhwh±# & RUDOLF KROPIL 

Slovak Carpathians are generally considered to encompass a large and vital lynx population 

(Breitenmoseret al. 2000, von Arx et al. 2004, Hell et al. 2004), but until recently, no relevant data were 

available to support this assumption (Breitenmoseret al. 2000, von Arx et al. 2004, Kubala et al. 2019a 

,b, 2020b, Smolko & Kubala 2017, Smolko et al. 2018). Since 1999 (the MoE SR) and 2001 (Ministry of 

Agriculture and Rural Development of the Slovak Republic), when the lynx was declared a year-round 

protected species, the conservation and management of the species were based solely on the expert 

opinions (Hell et al. 2004, von Arx et al. 2004, Kubala et al. 2019a, b, 2020b, Smolko & Kubala 2017, 

Smolko et al. 2018). This was mainly due to the absence of relevant scientific data and systematic 

monitoring of the lynx, despite the fact that Slovakia is a member of the European Union since 2004 

and is therefore obliged to monitor, evaluate and report information on the status and trend of 

populations of protected species under the Habitats Directive. Moreover, the state and trend of the 

lynx in Slovakia, reported to the European Commission for the periods 2007-2012 and 2013-2018 by 

the State Nature Conservation of the Slovak Republic were defined as unfavourable-insufficient 

ό2ŜǊƴŜŎƪȇ Ŝǘ ŀƭΦ нлмпΣ нлнлύ (Kubala et al. 2019a, b, 2020b, Smolko & Kubala 2017, Smolko et al. 2018). 

In addition, information and data on the lynx population reported in the Green Report of the Ministry 

of Agriculture and Rural Development of the Slovak Republic until 2016 estimated more than 1 000 

individuals. However, a systematic survey of the lynx population carried out in the Slovak Carpathians 

since 2012 showed that these estimates were 6-11 times overestimated (Kubala et al. 2019a, b, 2020a, 

Smolko & Kubala 2017, Smolko et al. 2018). The absence of relevant data and systematic monitoring 

of the lynx consequently lead to the presentation of vague and misleading information when 

describing the status and  trend of lynx in Slovakia. The lack of a scientific background when reporting 

and interpreting data on large carnivores subsequently leads to conflicts between the lynx and human 

interests, which results in a situation in which the species does not reach the carrying capacity in some 

areas of Slovakia (Smolko & Kubala 2017, Smolko et al. 2018, Kubala et al. 2019a, b, 2020a, b), despite 

almost 20 years of conservation, although only passive. 
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Effective management and species conservation should always be based on relevant and science-

based data population size and trend (Primack 1993). However, reliable data on population size can 

only be acquired by means of a reliable systematic monitoring, for example by using camera trapping 

methods (Breitenmoser et al. 2006, Breitenmoser & Breitenmoser-²ǸǊǎǘŜƴ нллуύΦ hǾŜǊ ǘƘŜ past few 

decades, camera-trapping became a standard method for estimating population size (abundance and 

density) of elusive feline species (Rovero & Zimmermann 2016). These species have a particular natural 

coat pattern, which allows the exact distinction and identification of different individuals (Karanth & 

Nichols 1998, Jackson et al. 2006, Breitenmoser & Breitenmoser-²ǸǊǎǘŜƴ нллу; Fig. 2). Given that the 

lynx are territorial animals, systematic camera trapping can provide information on their presence and 

population size, as well as their population trend (Laas 1999, Weingarth et al. 2012, Zimmermann et 

al. 2013, Pesenti and Zimmemann 2013, Avgan et al. 2014, Kubala et al. 2019a). 

Thus, the main goal of our systematic camera trapping was to provide a robust estimate of the lynx 

ǇƻǇǳƭŀǘƛƻƴ ǎƛȊŜ όǇƻǇǳƭŀǘƛƻƴ ŀōǳƴŘŀƴŎŜ ŀƴŘ ŘŜƴǎƛǘȅύ ƛƴ ǘƘŜ ±ǘłőƴƛƪ aƻǳƴǘŀƛƴǎ, central Slovakia. 

 

 
Figure 2. An example of identification of the same lynx individual on two different locations based on its unique 
coat pattern (photo ϭ Technical university in Zvolen). 

 

Material and methods 

¢ƘŜ ±ǘłőƴƛƪ aƻǳƴǘŀƛƴǎ ŀǊŜ part of a geomorphological unit of the Slovak Central Mountains with a 

total area of ~377 km2 and are ǎǇǊŜŀŘ ƻǾŜǊ ǘƘŜ .ŀƴǎƪł .ȅǎǘǊƛŎŀ ŀƴŘ ¢ǊŜƴőƝƴ ǊŜƎƛƻƴǎ ŀƴŘ four districts 

όtǊƛŜǾƛŘȊŀΣ tŀǊǘƛȊłƴǎƪŜΣ ¿ƛŀǊ ƴŀŘ IǊƻƴƻƳΣ ŀƴŘ ¿ŀǊƴƻǾƛŎŀΤ CƛƎΦ оύΦ The western, northern and north-

eastern natural border is the Upper Nitra Basin, the eastern border are the Kremnica Mountains and 

the ¿ƛŀǊ .ŀǎƛƴΦ Further, in the south by the ~ǘƛŀǾƴƛŎa Mountains ŀƴŘ tƻƘǊƻƴǎƪȇ LƴƻǾŜŎΣ and in the west 

by ǘƘŜ ¢ǊƛōŜő Mountains. Part of the area is located in the Ponitrie Protected Landscape Area (PLA, 
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IUCN category V) and is characterized by a relatively higher population density (110.53 inhabitants per 

km2). The larger part of the area is represented by upland to mountainous forested landscape, lower 

parts are deforested and transformed into meadows, pastures and arable land. The mountain range is 

located within the moderately warm and cold climate. Forest stands are dominated by deciduous 

forests with a predominance of beech (Fagus sylvatica), oak (Quercus robur) and hornbeam (Carpinus 

betulus), as well as a mixtures of beech and fir (Albies alba (Albies alba).  

The most dominant mammals are red deer (Cervus elaphus), roe deer (Capreolus capreolus) and 

wild boar (Sus scrofa). There is also a presence of the three large carnivores: lynx, brown bear (Ursus 

arctos) and sporadically grey wolf (Canis lupus). 

{ȅǎǘŜƳŀǘƛŎ όŘŜǘŜǊƳƛƴƛǎǘƛŎύ ŎŀƳŜǊŀ ǘǊŀǇǇƛƴƎ ƛƴ ǘƘŜ ±ǘłőƴƛƪ aƻǳƴǘŀƛƴǎ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ƻǾŜǊ ŀ ǇŜǊƛƻŘ 

of 60 days, from 22th November 2019 to 20th January 2020. The monitored area was systematically 

divided using a square grid of 2.5 x 2.5 km. Each camera station was placed into every 2nd square within 

suitable habitat and included two camera traps positioned in opposite direction. Individual lynx were 

then identified based on the visual analysis of their coat pattern (Fig. 3). The size of the lynx population 

ƛƴ ǘƘŜ ±ǘłőƴƛƪ aƻǳƴǘŀƛƴǎ ǿŀǎ ŜǎǘƛƳŀǘŜŘ using Spatial Capture Recapture (SCR) approach, consistent 

with previous studies (Kubala et al. 2019a, b, 2020b, Smolko & Kubala 2017, Smolko et al. 2018). Only 

individuals older than one year were included into the analysis (i.e. independent lynx). Lynx cubs in the 

area do not represent resident animals and, after leaving their mother, they are forced to disperse by 

the resident individuals. Therefore, young lynx are most likely to leave the monitored area, especially in 

cases where the capacity of the area is reached by resident individuals (Kubala et al. 2019a, b, 2020b, 

Smolko & Kubala 2017, Smolko et al. 2018). Estimate of the lynx population density (abundance of 

independent individuals per 100 km2 of suitable habitat) by means of the SCR method (Kubala et al. 

2019a, b, 2020b, Smolko & Kubala 2017, Smolko et al. 2018) represents the standard method for 

determining population size in ecology since the 19th century (Karanth & Nichols 1998, Rovero & 

Zimmermann 2016). The proportions of suitable and unsuitable habitat in the monitored area were 

derived from the CORINE Land Cover 2018 (Copernicus Program, 2018). All forest types (deciduous, 

coniferous and mixed) together with shrubs, pastures habitats and arable land were identified as the 

suitable habitat, and human settlements were considered unsuitable habitats (Fig. 4). 
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Figure 3. The monitored area (dark dashed polygon) ƛƴ ǘƘŜ ±ǘłőƴƛƪ aƻǳƴǘŀƛƴǎ ǿƛǘƘ ƭȅƴȄ ŘƛǎǘǊƛōǳǘƛƻƴ ƛƴ ǘƘŜ 
Carpathians (dark polygon in the inner picture; Kaczensky et al. 2019), including the Ponitrie PLA, ǘƘŜ ~ǘƛŀǾƴƛŎŀ 
Mountains PLA and the {ǘǊłȌƻǾ aƻǳƴǘŀƛƴǎ t[!  

 

Results and discussion 

5ǳǊƛƴƎ ǘƘŜ ǎȅǎǘŜƳŀǘƛŎ ŎŀƳŜǊŀ ǘǊŀǇǇƛƴƎ ƛƴ ǘƘŜ ±ǘłőƴƛƪ aƻǳƴǘŀƛƴǎΣ ну ŎŀƳŜǊŀ stations were active 

during 60 days (November 2019 - January 2020). This represented a total of 1 680 camera days (total 

number of days of monitoring x number of camera stations), within the monitored area of 239 km2. 

The lynx was photographically recorded in 22 of 28 camera stations (78.57%), which is the highest 

detection rate in Slovakia (32.6% in the ±ŜƯƪł CŀǘǊŀ NP, 36.4% in the ~ǘƛŀǾnica Mountains PLA, 53.6 % 

in the {ǘǊłȌƻǾ aƻǳƴǘŀƛƴǎ PLA, 57.14% in the Vepor Mountains and 71.4% in the aǳǊłƴǎƪŀ Ǉƭŀƴƛƴŀ NP; 

Kubala et al. 2019a, b, 2020b, Smolko & Kubala 2017, Smolko et al. 2018). Reliable estimation of the 

lynx population size requires a comprehensive process and a rigorous statistical analysis. Some 

resident lynx might not been recorded during monitoring, which can underestimate the overall results 

and so their number must be statistically estimated and added to the recorded individuals. On the 

contrary, lynx that were recorded only in border of the monitored area and their home ranges are 

therefore located outside of it would significantly overestimate the population size. For this reason, it 
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was necessary to add an additional buffer of several kilometres to the monitored area, which 

represents the spatial requirements of the animals, depending on the average size of the home ranges 

of lynx in the area. By qualitative analysis (Kubala et al. 2019a) the most suitable buffer was of 9 km 

with which we increased the monitored area and created the state space (Fig. 4). The size of the state 

space (i.e. the monitored area + buffer zone) was 1 089 km2, of which 704,25 km2 considered as 

suitable habitat and 384,75 km2 as unsuitable habitat for lynx (Fig. 4). 

Lynx aōǳƴŘŀƴŎŜ ǿŀǎ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ŜǎǘƛƳŀǘŜŘ ŀǘ уΦну όҕ рΦсмύ ƭȅƴȄ ƛƴ the total area of 1,089 km2 of 

ǎǳƛǘŀōƭŜ ƘŀōƛǘŀǘΣ ǿƘƛŎƘ ǊŜǇǊŜǎŜƴǘǎ ŀ ǇƻǇǳƭŀǘƛƻƴ ŘŜƴǎƛǘȅ ƻŦ мΦму όҕ лΦлуύ ƭȅƴȄ ǇŜǊ млл ƪƳ2 of suitable 

habitat. For comparison with the data available from hunting statistics, a total of 69 lynx were 

estimated in the same area (1,089 km2) within 31 hunting grounds in 2016, which is up to 900% 

overestimation of the actual population size. A similar 600 ς 1 100% overestimation of lynx abundance 

was also recorded in the previous studies (Kubala et al. 2019a, b, 2020b, Smolko & Kubala 2017, Smolko 

et al. 2018). The overestimation of abundance is caused by multiple records of the same individuals 

within several hunting grounds, which are generally smaller (SR average 26.6 km2; Kubala et al. 2019a, 

b, 2020b, Smolko & Kubala 2017, Smolko et al. 2018) than average lynx home range (150-300 km2; 

Breitenmoser-²ǸǊǎǘŜƴ Ŝǘ ŀƭΦ нллтύΦ ¢ƘŜ ǇƻǇǳƭŀǘƛƻƴ ŘŜƴǎƛǘȅ ƻŦ мΦму όҕ лΦлуύ ƭȅƴȄ ǇŜǊ млл ƪƳ2 of suitable 

habitat estimated in this study is the third highest among all previous monitoring in Slovakia. Lower 

ŜǎǘƛƳŀǘŜŘ ǇƻǇǳƭŀǘƛƻƴ ŘŜƴǎƛǘƛŜǎ ƛƴ ǘƘŜ ~ǘƛŀǾƴƛŎŀ aƻǳƴǘŀƛƴǎ t[! όлΦру ҕ лΦмо ƭȅƴȄ ǇŜǊ млл ƪƳ2 of suitable 

habitat, 2013/2014; Kubala et al. 2019a) and the ±ŜƯƪł CŀǘǊŀ NP όлΦум ҕ лΦнф ƭȅƴȄ ǇŜǊ млл ƪƳ2 of 

suitable habitat; 2014/2015; Kubala et 2019a) could be caused by several factors. In particular, 

ecological factors such as habitat fragmentation, inbreeding, lower fitness, and interspecific 

competition with wild boar and bear, and anthropogenic factors such as traffic accidents and illegal 

hunting (Kubala et al. 2019a). Population densities in the aǳǊłƴǎƪŀ Ǉƭŀƴƛƴŀ bt όмΦпт ҕ лΦот ƭȅƴȄ ǇŜǊ 

100 km2 of suitable habitat; 2014/2015, Smolko & Kubala 2017, Smolko et al. 2018), the Vepor 

aƻǳƴǘŀƛƴǎ όмΦнл ҕ лΦпф ƭȅƴȄ ǇŜǊ млл ƪƳ2 of suitable habitat; Kubala et al. 2019b) and the {ǘǊłȌƻǾ 

aƻǳƴǘŀƛƴǎ όлΦфт ҕ лΦнр ƭȅƴȄ ǇŜǊ млл ƪƳ2 of suitable habitat; Kubala et al. 2020b) corresponded to the 

favourable status of this species in Slovakia according to the NATURA (Kropil 2005). Based on these 

results, it can be concluded that lynx populations in these four areas are sufficiently viable to provide 

a limited number of lynx for reintroduction and reinforcement programs in Europe without negative 

consequences for the source population and its demographic trend (Kubala et al. 2019b, 2020b, 

Smolko & Kubala 2017, Smolko et al. 2018). 
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Figure 4. TƘŜ ƳƻƴƛǘƻǊŜŘ ŀǊŜŀ ƛƴ ǘƘŜ ±ǘłőƴƛƪ aƻǳƴǘŀƛƴǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ tƻƴƛǘǊƛŜ t[!Σ ǘƘŜ ~ǘƛŀǾƴƛŎŀ aƻǳƴǘŀƛƴǎ t[! 
ŀƴŘ ǘƘŜ {ǘǊłȌƻǾ aƻǳƴǘŀƛƴǎ t[!Φ ¢ƘŜ ƳƻƴƛǘƻǊŜŘ ŀǊŜŀ ǿŀǎ ƛƴŎǊŜŀǎŜŘ ōȅ ǘƘŜ ŀǾŜǊŀƎŜ ǎƛȊŜ ƻŦ ǘƘŜ ƭȅƴȄϥǎ ƘƻƳŜ ǊŀƴƎŜǎ 
(buffer 9 km) and created the state space. The area of unsuitable habitats was subsequently deducted from the 
state space (i.e. monitored area + buffer). 

 

Our results in the ±ǘłőƴƛƪ Mountains and the previous studies, estimated through systematic 

camera trapping, allowed us to estimate the average lynx population density in the Slovak Carpathians  

ŀǘ мΦлп όҕ лΦутύ ƭȅƴȄ ǇŜǊ мл0 km2 of suitable habitat. Using the average density values and the 

population range in available suitable habitat of 28,090 km2, we subsequently estimated the lynx 

population in Slovakia which results in 280 independent individuals. Slovak lynx population represents 

the core of the lynx population in the Western Carpathians, and therefore affects the fate and status 

of lynx in all neighbouring countries (Czech Republic, Poland, Ukraine and Hungary). Moreover, the 

majority of the reintroduced populations in Europe depend on the status of the population in the 

Slovak Carpathians (von Arx et al. 2004, 2009, Boitani et al. 2015, Antal et al. 2016, Kubala et al. 2019a, 

b, 2020b, Smolko & Kubala 2017, Smolko et al. 2018). Therefore, Slovakia has a special responsibility 

for the international cooperation, management and conservation of this species in the Carpathians 

and Europe (von Arx et al. 2004, Boitani et al. 2015, Antal et al. 2016). Given that no evidence is 

currently available that full legal protection of lynx in Slovakia has supported its population, the 


