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Abstract 

 

The grey wolf (Canis lupus) had high population numbers in history of Europe. 

However, between the 18th and 19th centuries its numbers began to decline greatly. In 

particular, there were rapid environmental changes, but also the impact of humans. Due 

to the fragmentation of the landscape, hunting, poaching, competition for resources, 

hybridization and insufficient protection, the wolves disappeared, firstly from the 

European islands, subsequently from Germany and Poland, then from most of the western 

European countries. 

In recent years, the grey wolf (Canis lupus) started to recover its numbers in the 

Western Palearctic, by immigration from eastern or southern populations. Grey wolf 

started to establish its populations even in countries, where it was extinct. But this 

recovery wasn’t without challenges, because so many factors affected this species. One 

of the most important factors which can impact the species, is hybridization with domestic 

dogs. 

My literature research is focused on the complex history of the grey wolf, from 

their extinction in many parts of the Western Palearctic, to their subsequent resurgence. 

Additionally, my research aims to describe hybridization with domestic dogs and the 

impact it has had on the genetic structure of wolf populations in certain areas. In the 

practical part, I had training in a molecular genetics’ laboratory, where a sample set 

analysis was provided to determine the potential presence of hybrids. 
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1. Introduction 

Wolves have been a part of the Western Palearctic ecosystem for thousands of 

years, but their populations have undergone significant fluctuations over time. In recent 

years, there has been an increase of wolf populations, especially in Western Europe.  

Overview of wolf populations in the Western Palearctic: 

Wolves were once widespread throughout Europe, but their populations were 

decimated over the centuries by hunting and habitat loss. In the mid-20th century, there 

were only a few hundred wolves left in Europe, mostly in the eastern parts of the 

continent. However, during the last decades, wolf populations have started to recover, 

and their range has expanded westward. In the Western Palearctic region, there are now 

an estimated 12.000-18.000 wolves, with the majority living in eastern Europe and the 

Balkans. 

Factors driving the expansion of wolf populations: 

The recovery of wolf populations in the Western Palearctic is possible because of 

a combination of factors. One key factor is the protection afforded to wolves by European 

Union laws and international treaties, which have helped to reduce hunting pressure on 

the species. Additionally, changes in land use patterns, such as the abandonment of rural 

areas and the reforestation of abandoned lands, have created new habitats for wolves to 

colonise. Finally, the recovery of prey species, such as wild boar and deer, has provided 

wolves with a more abundant food supply. 

Interactions between wolves and dogs: 

As wolf populations have expanded, there have been increasing reports of 

interactions between wolves and domestic dogs. These interactions can take several 

forms, including predation on dogs by wolves, hybridization between wolves and dogs, 

and social interactions between the two species. The exact nature of these interactions 

and their impact on both wolf and dog populations is not yet fully understood and is the 

subject of ongoing research. 
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2. Aims of the Thesis 

● Describe the wolves' population expansion in the selected area.  

● Evaluate when was the turning point in the development of wolves in the Western 

Palearctic, from which countries the wolves began to immigrate to Europe. 

● Focus on the occurrence and frequency of the interactions between wolves and 

domestic dogs in Europe. 

● Describe what effects hybridization has on the genetic and phenotypic structure 

of the wild wolves' populations. 
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3. Literature Review 

3.1. Description of the grey wolf habitat  

The grey wolf (Canis lupus) is a large carnivore found in many habitats of the 

Western Palearctic. Its wide distribution and habitat preferences are the result of its ability 

to adapt to different ecological conditions, which has allowed its population to expand in 

some areas. 

The grey wolf is a habitat generalist, meaning it can live in a wide variety of 

habitats, including grasslands, forests, mountains, wetlands, and tundra. According to 

Boitani (2003), wolves are typically found in areas with large land areas, abundant prey, 

and few people. They prefer habitats with a combination of grasslands, forests, and 

wetlands because they provide a variety of resources.  

Studies have shown that wolves select habitats based on a variety of factors, 

including prey availability, the presence of burrows, and large expanses (Jedrzejewski et 

al. 2005; Zlatanova & Popova 2013). Wolves also tend to select habitats with open areas 

for hunting and dense cover for denning and resting (Fechter & Storch 2014). The 

presence of cover is particularly important for denning areas because it protects from 

predators and humans (Kaartinen et al. 2015).  

In addition to habitat selection, the presence of food resources is also an important 

factor in wolf habitat selection. Wolves feed primarily on large ungulates, such as deer 

(Cervus) and elk (Cervus canadensis), but will also take smaller prey such as rabbits 

(Oryctolagus cuniculus) and hares (Leporidae) (Boitani 2003). They prefer a habitat with 

abundant prey because it provides a reliable food source.  

Finally, wolves tend to avoid areas with high human activity, such as urban areas 

and agricultural land (Gwynn & Symeonakis 2022). Wolf species are sensitive to 

disturbance and human presence and often avoid areas where humans are present. 
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3.2. Phylogeographic distribution of wolves in Europe 

   The Pleistocene megafaunal extinction was an important era in the history of 

life on Earth. It was marked by a period with a notable impact on ecosystems and 

biodiversity worldwide, with rapid environmental changes and significant extinction of 

large animal species. During this period, a lot of large carnivores, which played important 

roles in their ecosystems, vanished. After that time, a remaining variety of species 

developed unique adaptations to survive in harsh environments. These species include the 

red fox (Vulpes vulpes), brown bear (Ursus arctos), white bear (Ursus maritimus), 

wolverine (Gulo gulo), caribou (Rangifer tarandus) and also grey wolf (Canis lupus). 

Holarctic animals that survived the Late Pleistocene megafauna extinction responded to 

the consequential environmental changes of this era by losing distinct lineages, 

undergoing phylogeographic changes and domestication (Pilot et al. 2019). It caused a 

geographic and genetic separation of populations, which made their phylogeographic 

history very complex (Ginsberg & Macdonald 1990; Wayne et al. 1992). In the case of 

the grey wolf, the species' survival followed a worldwide sharp decline in population sizes 

at the end of the Pleistocene (Pilot et al. 2014; Fan et al. 2016). Over time, one lineage of 

wolves has been successfully domesticated through interaction with humans (Wayne et 

al. 1992). But this successful adaptation has had negative consequences for the wild 

population. The major repercussion is hybridization, but also competition and disease 

transmission (Leonard et al. 2014; Lescureux & Linnell 2014). 

During the Middle Ages (Delibes 1990), the wolf population in Europe had 

already experienced a decline due to various factors, including human impact (Lorenzen 

et al. 2011). The genetic composition of wolves has been greatly impacted by 

demographic shifts (Lehman & Wayne 1991; Wayne & Jenks 1991), which can be 

attributed to the extinction of the species in various European countries such as France, 

Denmark, Germany, England, Czech Republic, Portugal, Italy (Breitenmoser 1998). Only 

a small area in the Apennines remained inhabited by the Italian population, with a few 

individuals, and also the Iberian population occupied a fragmented area (Zimen 1978; 

Boitani & Mech 2003).  

    According to the survey Pilot et al. (2010), European wolves have two main 

haplogroups, called haplogroup 1 and haplogroup 2. In Europe, haplogroup 1 dominates 
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nowadays, especially in Eastern Europe. Currently, the European population has 29 

different haplotypes, in Eastern Europe, it is 26 haplotypes. It’s interesting that only 

southern populations have some unique haplotypes. In the Apennine area, there exists 

one, in the Iberian population, there exist two, in the Balkans are seven unique haplotypes 

and one of these is shared with the Iberian. All Apennine haplotypes belong to haplogroup 

2 and all Iberian belong to haplogroup 1. It was determined that the percentages of 

variation between haplogroups 1 and 2 are between 76% to 24%. In contrast, during 

ancient times in Europe, haplogroup 2 was the dominant group, with only one instance of 

a haplotype belonging to haplogroup 1 in western Russia. The distribution of the 

haplotypes can be found in Figure 1.  

          Figure 1: Distribution of haplogroups 1 and 2 in contemporary and ancient European wolves 

(Pilot et al. 2010). 

3.2.1. Period of reduced numbers 

The grey wolf (Canis lupus) has always been the most globally spread among the 

four main large carnivores in the Western Palearctic and historically has been present in 

almost every country in Europe. It is a very mobile species, which can adapt almost to all 

conditions, it explains their spread into the tundra, steppes, and even deserts. Grey wolves 

also expanded to some European islands, such as Sardinia and Ireland. But due to various 
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factors, their numbers began to decline gradually between the 18th and 19th centuries. At 

first extinct from the islands, then in France, Germany, and Poland. After this time, 

isolated populations remained in some European countries. But they were very sensitive 

to all the conditions and also began to collapse. In most Western European countries, 

wolves were completely extinct, except the Italian and Iberian populations, which 

remained as small fragmented populations. They mainly stayed in the central Apennine 

Mountains of Italy and the Cantabrian Mountains of northern Spain (Breitenmoser 1998). 

The lowest wolf numbers in Europe were registered during the 1930s and 1960s 

of the 20th century (Pimlott 1975; Delibes 1990). The gradual reduction in wolf numbers 

can perhaps be seen with the growth and expansion of human settlements. The extinction 

of the species was a response to human influence, such as habitat and prey destruction, 

breeding, and hunting pressure. For all the farmers and hunters, wolves established a 

major focus, because they attacked farm animals and created competition for hunting 

other animals. Humans have also changed the ecosystem by destroying forests and 

opening grasslands and pastures. This forced the wolf out of their natural habitat. The 

number of natural prey of wolves was reduced as well. The livestock, therefore, provided 

important prey for the wolves, and this led to even more human persecution. 

Crooks et al. (2011) also studied the effects of fragmentation and connectivity of 

mammalian carnivore habitat on the population dynamics of grey wolves and found that 

the species had experienced a decrease in population size due to the fragmentation of its 

habitat. 

The effects of anthropogenic environmental changes on the genetic diversity of 

grey wolves have also been studied. Stronen et al. (2019) conducted a study to assess the 

impact of human-caused environmental changes on the genetic diversity of grey wolves 

(Canis lupus) in Europe. The study found that areas with higher human population density 

had lower genetic diversity, indicating the negative impact of human activities on the 

genetic diversity of grey wolves. The researchers also found that maintaining large, 

connected habitats is crucial for preserving genetic diversity in grey wolves. 

Fragmentation of habitats can lead to the isolation of populations, which reduces gene 

flow and increases the risk of inbreeding. In contrast, maintaining large, connected 

habitats promotes gene flow and allows populations to exchange genetic material, which 

helps to maintain genetic diversity.  
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3.2.2. Repopulation and European distribution 

After the decline in wolf numbers in Europe in the 20th century, in recent years, 

there have been efforts to reintroduce wolves to areas where they were once native and to 

increase the overall population of wolves in Europe. Consequently, the wolf population 

is now recovering in many regions of Europe. Recolonization has been successful in some 

areas, such as France and Spain, where the species has repopulated the area from other 

parts of Europe, such as Scandinavia and the Balkans (Mech 1995; Boitani 2003). 

The main aspects that played a role during the population renewal were the law 

implementation which prevented the cutting of the forest and also not allowing the pasture 

of livestock in or next to the forest (Blankenhorn 1990). Thanks to education and raising 

public awareness, there has been a change in people's mindsets about environmental 

protection. The forest began to recover together with its wildlife (Baumann 1949). The 

main prey of the wolf is the ungulates, which spread across Europe from Germany and 

Austria and rapidly increased their population sizes (Baumann 1949; Schmidt 1976; Kurt 

1982). This had the effect of increasing the number of large predators everywhere in 

Europe. The wolves gradually began to populate the Alps, from which they disappeared 

completely, then spread also to central Italy (Boitani & Ciucci 1992). Gradually, the 

population spread to the northern part of the Apennine and the French Alps (Poulle 1995). 

According to the study of Boitani (1986) the Italian population had risen to approximately 

300 individuals. The Spanish population had 1500–2000 individuals (Blanco et al. 1990). 

Wolves began to inhabit environments not previously seen as their habitat. They have 

adapted to living near roads, in fields, and closer to people. Which in turn shows their 

remarkable mobility (Fuller et al. 1992). 

The return of the grey wolf to Europe has not been without its challenges, 

however. Wolves are highly mobile, and their populations can be affected by a variety of 

environmental and human-related factors, such as habitat loss, hunting, and persecution 

(Boitani 2003). In addition, the introduction of domestic dogs into the environment can 

also impact the ability of wolves to establish and maintain viable populations (Pilot et al. 

2010). 

To ensure the successful long-term repopulation of the grey wolf, public attitudes 

toward the species must be considered. Research has shown that public attitudes vary 
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across Europe, with some populations being more accepting of wolves than others 

(Hermann & Menzel 2013; Pereira 2015). In order to ensure successful reintroduction 

and natural recolonization, it is important to consider the attitudes of local populations 

and to develop strategies to ensure that the species is accepted in the region (Hulva et al. 

2018). 

In addition, the genetic structure of wolf populations must also be taken into 

account. Studies have shown that there is a high degree of genetic diversity among 

European wolf populations, with some populations being more closely related than others 

(Hindrikson et al. 2013; 2016). This genetic diversity is important for the long-term 

success of the species, as it ensures that the population is resilient to environmental and 

human-related pressures (Hindrikson et al. 2016). 

 

Figure 2: Kaczensky et al. 2021, Distribution of large carnivores in Europe 2012 - 2016 
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Stronen et al. (2013) provide valuable insight into the European distribution of the 

grey wolf (Canis lupus), focusing on the differentiation of its populations in the north-

south direction. As shown in Figure 2, wolves are widely distributed throughout Europe, 

although their presence is not ubiquitous. The authors explain that the differentiation of 

wolf populations from north to south is caused by the different environmental conditions. 

In addition, they discuss the importance of genetic diversity for the long-term survival of 

the species and suggest that a region of high diversity in the Alps is necessary for the 

conservation of the species. 

3.2.3. Italian population 

 Italian wolves have experienced extinction due to environmental conditions, lack 

of protection, and especially hunting. Hunting was the biggest problem for this European 

population because in those years wolves attacked sheep a lot and farmers had to solve it 

in some ways. Very often, poisoned baits were used (Apollonio 2006). A study in 2021 

found that anthropogenic causes were an important driver of wolf mortality in human-

dominated areas in Italy (Musto et al. 2021).  In the Alps, wolves were still extinct in the 

1920s. Numbers continued to decline across Italy until the 1970s when some 100 

individuals still existed in the central Apennines (Zimen & Boitani 1975). Poisoned baits 

were forbidden in 1976, which was very helpful to the wolves for their recovery 

(Apollonio 2006). In 1983, the situation improved as well due to better protection of the 

species and especially the growth of their prey numbers. At this moment, wolves 

recolonized Western Italy and there were approximately 220 individuals (Boitani 1984). 

In 2014, a study estimated the total number of wolves in Italy to be around 2,500 

individuals (Mattioli et al. 2014). This estimate was confirmed by a 2015 study that 

estimated the population size to be around 1.500-3.500 individuals (Galaverni et al. 

2015).  
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Figure 3: Wolf distribution in Italy (a) 1974 (Cagnolaro et al. 1974); (b) 2005. 

 The Italian population of the grey wolf (Canis lupus italicus) is a distinct 

morphological and genetic population from other European populations, as evidenced by 

genetic analyses of the species.  The Italian population belongs to haplogroup 2 (Ciucani 

et al. 2019).   A study of fossil remains of the Late Pleistocene wolf (Canis lupus) from 

Italy found that the population was distinct from other Late Pleistocene European 

populations (Mecozzi & Bartolini-Lucenti 2018). Another study analysed ancient DNA 

from Late Pleistocene and Holocene Italian wolves and found that the population had 

undergone a decline in the Late Pleistocene, followed by a population expansion during 

the Holocene. A study in 2022 analysed ancient DNA from a 1000-year-old wolf cranium 

from the Po Valley and found that the population was distinct from other European 

populations (Iurino et al. 2022a, 2022b). The more recent work attributes this unique 

emergence of a distinct European species to the genetic isolation of Italian populations 

and drift associated with an extreme bottleneck (Lucchini et al. 2004; vonHoldt et al. 

2011; Boggiano et al. 2013; Pilot et al. 2014; Montana et al. 2017a, 2017b). Zimen & 

Boitani (1974) reported that the Italian wolf population was distinct from other European 

populations due to a lack of introgression from other European wolf populations. This 

was further confirmed by a study that found evidence of genetic distinction and long-term 

population decline in the Apennine wolf population compared to other European 

populations (Lucchini et al. 2004). In 2009, a study used microsatellite markers to 
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investigate the genetic structure of the Italian wolf population, finding that the population 

was highly structured (Scandura et al. 2009). This study also found that the Italian wolf 

population was genetically distinct from other European populations, with a low level of 

gene flow between them.  

3.2.4. Iberian population 

The Iberian wolf (Canis lupus signatus) is a subspecies of the grey wolf that 

inhabits the Iberian Peninsula, mainly in the northwestern part. But also have two isolated 

populations in southern Spain and central Portugal. Now the estimated number of this 

population is 2000 individuals (Alvares et al. 2005; Blanco et al. 2006; Godinho et al. 

2011). 

 In the early 20th century, the Iberian wolf population experienced a genetic 

bottleneck due to overhunting and habitat fragmentation. This led to a significant 

reduction in genetic diversity, making the population more vulnerable to diseases and 

environmental changes. By the 1970s, the Iberian wolf population had become severely 

fragmented (Blanco et al. 2006), with only a few small populations remaining in the 

northwestern regions of Spain and Portugal (Fernández-Gil et al. 2016). Only around 400 

individuals remain in isolated pockets across the regions (Blanco et al. 2006). In 1973, 

Spain declared the grey wolf a protected species, and Portugal followed suit in 1988. 

Since then, the Iberian wolf population has slowly started to recover. But compared to the 

repopulation of other European states, the Iberian wolf recovery shows a decline (Torres 

& Fonseca 2016). Blanco et al. (1992) reported that between 1986–1988 were 294 packs 

of the Iberian wolf, and in 2012–2014 it was reported 297 packs in a similar area 

(Magrama 2016). One Iberian wolf population in the northwest is still separated and the 

southern population in Spain is presumed extinct (Quevedo et al. 2019).  

Ramirez et al. (2006) in their study, analysed the wild population and the 

population from a breeding program that has 15 founders. The results showed that the 

genetic diversity of the Iberian wolf is comparable to other wild wolf populations. A 

similar study based on microsatellite markets showed the same results (Luccini et al. 

2004). Both studies show relatively high genetic diversity in Iberian wolf populations. 

All samples for both studies were collected from the northern part of the Duero River. 

Genetic diversity in the southern part is unknown. The results of individuals from the 
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breeding program showed a diversity comparable to the wild population, which in turn 

shows that some variance from the wild population is present, even when 5 of the 15 

founders are unknown. In a study in which the Iberian population was split into 11 genetic 

groups (7 in Spain and 4 in Portugal), the results characterised the groups by very low 

levels of admixture and medium to high genetic differentiation (Silva et al. 2018).  

The Iberian wolf is slightly smaller than the wolves in the northern part of Europe. 

Iberian wolf has distinct white markings on the upper muzzles, dark markings on the tail, 

and on the front paws (Alcántara & Plana 1999). Vila et al. (1993) study showed 

differences in skull shape that separate Iberian wolves from wolves in Italy and other 

populations in Europe. This signature is the result of both historical isolation and 

adaptation to the Iberian Peninsula's unique ecological conditions. Data on mDNA and 

microsatellite frequencies showed that Iberian wolves are different from Italian or other 

European wolves (Vila & Wayne 1999; Lucchini et al. 2004). 

But the genetic structure of the Iberian wolf population may be influenced by the 

hybridization with dogs because the population is small and mainly lives near human 

settlements. The presence of dogs could lead to the introgression of domestic variants into 

the wolf population. However, the degree of introgression is still unclear, because wolves 

have been isolated for a long time and the degree of introgression is probably low (Pires 

et al. 2017). 

3.2.5. Czech population  

The population of grey wolves (Canis lupus) is located in the Czech Republic, is 

in the north-central part of the Palearctic region. This population has experienced a long 

history of persecution. During the 17th century, wolves were widespread in the country. 

But in the 18th century, wolves were hunted and poisoned throughout the country. As a 

result, the population rapidly declined to very low numbers. The main period of the wolf 

population decline is considered to be the second half of the 18th century (Bufka et al. 

2005). Studies reported that the last wolf in the Czech Republic was shot in 1747, then it 

was reported in 1803 and in 1874 (Ševětínský 1895; Baťa 1933; Alberti 1934). But it is 

assumed that they were either lonely wolves or migrated from somewhere. 

However, in recent years, there have been occasional reports of wolf sightings and 

the occasional individual wolf crossing the border from neighbouring countries. In 2004, 
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a survey confirmed the distribution of wolves in the Czech Republic. The population was 

distributed in the northwest part, near the border with Slovakia and Poland and in the 

southwest part of the country, near the Bavarian-Austrian border. The survey also 

estimated the total population to be between 5–17 individuals and assumed that the 

population trend in the country depends on the situation in the Western Carpathian 

(Andìra et al. 2004).  

Bufka et al. (2005) wrote that wolves have returned to Šumava and between the 

years 1990 and 2004, there were 124 recorded wolf appearances, of which 66 were from 

the Czech Republic. In most cases, the records were of one or two individuals. Everything 

indicates that the wolves are returning to the Czech Republic, but these are individual 

cases. Their origin is not clear yet, mostly it is assumed that they come from the 

Carpathians. To the northern part, a wolf immigrated, probably from western Poland and 

Saxony. 

Overall, the status of the grey wolf in the Czech Republic is still uncertain, with 

occasional individuals present but not yet an established population. However, the 

presence of the wolf highlights the potential for the recovery of large carnivores in Central 

Europe and the need for effective conservation and management strategies. 

The Czech population of wolves has also been studied from a genetic perspective. 

A study conducted in 2021 found that the population was genetically distinct from other 

wolf populations in the region and that it was a separate conservation unit (Szewczyk et 

al. 2021). This suggests that the population is unique and should be managed differently 

from other populations in the region. 

A study conducted in 2021 found that wolves in the Czech Republic were infected 

with a variety of different tapeworm species, some of which were also found in dogs 

(Juránková et al. 2021). This may assume that there is a certain level of interaction 

between wolves and domestic dogs in the Czech Republic.  

3.3. Interspecies hybridization  

     In nature often occurs the process of interspecies hybridization. It is an action 

when two different taxa interbreed in order to produce offspring. In general, this process 



14 

 

is considered to be an important mechanism enabling the evolution of new adaptation to 

new ecological circumstances (Gladieux et al. 2014).  

As the number of people increases, the problem of anthropogenically mediated 

hybridization grows. This happens when the reproductive barrier between two species 

becomes significantly weaker, leading to interbreeding (Rhymer & Simberloff 1996; 

Allendorf et al. 2001). Combined since the first domesticated animal until recent 

ecosystem changes have affected the amount, nature, and density of interbreeding (Crispo 

et al. 2011; Grabenstein & Taylor 2018). In addition, it also increases the number of 

domesticated animals, causing a reduction in the population of their wild relatives (Pilot 

et al. 2018). 

     It can be a major conservation problem, when it involves interbreeding 

between defined taxa with invasive, domesticated species or with ancestors (Wayne & 

Shaffer 2016) and has an important impact on the gene pool and phenotypic 

characteristics of both groups (Crispo et al. 2011; Grabenstein & Taylor 2018). 

Hybridization can have several outcomes: may occur hybrid zones that do not affect the 

parental population; natural introgression; the appearance of a new taxon that does not 

threaten the wild population. But in the majority of cases, it has influence and leads to the 

extinction of the parental population.  Threats to the parental population may occur, as a 

result of crosses, between the fertile hybrid and the parental population. This led to the 

disappearance of natural alleles, reducing the fitness of the parental population and, 

consequently, to the extinction of the entire wild population (Berger 1973; Clarke et al. 

1996). It also happens when hybrids are not very fertile, in which case they provide 

competition for food and space (Rhymer & Simberloff 1996; Simberloff 1996). Finally, 

if hybrid numbers are high, it will lead to a small amount of natural individuals or even 

to extinction (Allendorf et al. 2001). 

3.3.1. Dog domestication  

      Domestication is a long process, during which man takes control of an animal 

(Zeder 2012). Among the many breeds that have been domesticated, the dog (Canis lupus 

familiaris) takes first place and is one of the human companions during all times. 

According to the latest molecular genetic studies, it is now known and accepted that the 

ancestor of the dog is the wolf (Сlutton‐Brock 1981). The wolf has passed through tens 



15 

 

of thousands of years of evolutionary development, as has the dog, but the old lineage 

that connected them disappeared (Andreska 1991) about 10-40 years ago (Savolainen et 

al. 2002; Pang et al. 2009; Druzhkova et al. 2013; Freedman et al. 2014; Freedman & 

Wayne 2017). Therefore it can not be said that today's known wolf is the direct ancestor 

(Andreska 1991). Also determining exactly, what group of wolves were the direct 

ancestor of the dog is very challenging (Savolainen et al. 2002; Pang et al. 2009; vonHoldt 

et al. 2010; Freedman et al. 2014; Frantz et al. 2016; Wang et al. 2017). Wolves and dogs 

share a common evolutionary history, during which there has been repeated interbreeding 

since the early stages of domestication (Freedman & Wayne 2017). This ancient 

introversion has resulted in dog breeds that have retained alleles of their wolf ancestry, 

while at the same time, most Eurasian wolves have acquired dog alleles (vonHoldt et al. 

2010; Fan et al. 2016; Pilot et al. 2018). 

3.3.2.  Hybridization of wolf with dog  

            Dogs have undergone successful domestication and the number of dog 

populations increases with humans (Gompper 2014). However, because of livestock 

domestication wolves gradually disappeared from human settlements. So, as a result, the 

two species had completely different historical paths. But in the last years, they have 

begun to connect their history, to some extent, by hybridization between them. The wolf 

population has been recovering rapidly in recent times, thanks to the regeneration of their 

habitat, careful protection and the large expansion of their prey (Breitenmoser 1998). The 

wolf is a descendant of the dog, and although the last one has experienced different 

evolutionary processes, both still affect each other in most parts of the Northern 

hemisphere (Milton 2000). Interspecies hybridization is so widespread among them. 

Hybridization can be naturally in the wild or as a result of human impact. While natural 

hybridization has always been considered a process that has positive consequences, 

anthropogenic hybridization has always been perceived as a negative (Brennan et al. 

2014). In addition, this is also accompanied by an increasing threat to the gene pool of 

species (Randi 2011). Only in Europe, the total density of dogs has been reported to be 

18.4 million (Gompper 2014), in this time and the same area the numbers of Canis lupus 

are only 12.0 thousand (Chapron et al. 2014). According to that if the two animals meet, 

in most cases can be established a hybrid population if the dog is not killed by the wolf 
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(Lescureux & Linnell 2014). In addition, in some European countries, there is also a 

problematic factor, such as stray dogs, who live freely (Dufresnes et al. 2019). This 

process contains two following stages. The first one is when a wolf interbreeds with a dog 

and as a result, there will be the F1 population that can reproduce. The second stage is 

breeding between wild wolves and the hybrids, which can cause several issues for wild 

populations (Hailer & Leonard 2008). But this second stage has been poorly researched 

because it is a very rare case. That's why the consequences that this can cause are arguable 

for now (Anderson et al. 2009).  

     The interaction between these two species can lead to significant changes in 

the genetic structure and, thus, affect the future development of wild populations (Randi 

et al. 2014). Non-native genes that might be discovered in populations can lead to genetic 

disappearance. Because of reducing genetic diversity and fitness, derange adaptation and 

balance (Anderson et al. 2009). In addition to the influence of those factors, wolf-dog 

hybrids are very reproductive, which again can result in a change in the wolf genome and 

result in genetic extinction (Kopaliani et al. 2014; Hindrikson et al. 2016; Pilot et al. 

2019).  

     Massive interbreeding between wolves and dogs takes place in so-called hot-

spot areas. Today in Europe, there are several major zones in Baltic countries, some 

eastern Europe countries and Scandinavia. Mainly: Italy, Spain, Portugal, and Croatia 

(also the Czech Republic). Because of the large number of hybridizations in such 

locations, there is great genetic variability. Mainly new populations are subject for natural 

selection, which leads to hybrid speciation.  

Wolves can have different colours in their coat, especially black, white, brown 

and grey (Musiani et al. 2007; Caniglia et al. 2013). The grey coat is characteristic of the 

European populations, but a few years ago an exceptional case was found in the emerging 

Italian population, which had a black coat (Anderson et al. 2009; Caniglia et al. 2013). 

The Italian wolf was isolated from other European populations (Lucchini et al. 2004). But 

this recovery is threatened by hybridization with stray dogs (Lucchini et al. 2004; Caniglia 

et al. 2013; Randi et al. 2014). The Italian hybridization in most cases was not the result 

of the recent bottleneck, but its recovery. The same study also confirmed that the Italian 

population had repeated hybridization episodes in the past (Lucchini et al. 2002; Fabbri 

et al. 2007; Galaverni et al. 2017).  
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 According to molecular analyses, it was assumed that black coat colour came 

from wolf-dog hybridization (Anderson et al. 2009; Caniglia et al. 2013). Despite the 

black coat colour, the wolves had distinct white patches on their paws or chest, they also 

do not have the white face mask (Randi 2008). Another study also assumed that these 

phenotypic differences are from the wolf-dog hybridization (Candille et al. 2007). The 

2002 study showed that the frequency of hybridization in Italy is 0.9 % (Lucchini et al. 

2002), but Verardi et al. (2006) study showed that Italian populations had at least 5 % of 

hybrids. Finally, Randi (2008) study confirmed that this newly created Italian pack had a 

hybrid origin.  

  

Figure 4: Map visualising the geographical distribution of the wolf x dog admixture events 

in Italy through time, as reconstructed from PCADMIX results. Locations are plotted where the 

admixed individuals have been sampled and cannot fully reflect the potential movements from where 

the first parental hybrids were sampled. (Galaverni et al. 2017) 

 

The Iberian population lived together with dogs for a long period of its history. 

Godinho et al. (2011) in their study, describe that the Iberian wolf usually occurred near 

humans and lived near their settlements because at all times its main prey was livestock. 

Which could have led to easy interaction with the dog. Godinho et al. (2007) study 

determined that wolves were genetically distinct from dogs because no samples showed 

hybridization or introgression with dogs. A study by Godinho et al. (2011), found one 
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case of hybridization in northwestern Portugal. Research has shown that the fact of living 

near a dog did not affect the gene pool of the wolf. And the hybrids in the Iberian 

population setting 4 %. 

The results of the Italian and Iberian populations showed that wolves and dogs in 

Europe are genetically distinct now. Which may mean that the meaning of hybridization 

may have been overlooked. But despite this, the mechanics and dynamics of hybridization 

are far from well understood. 

3.3.3. Czechoslovakian Wolfdog  

      Occurring hybridization can create an introgression of «domestic» alleles into 

wild populations (Anderson et al. 2009). But man-managed and repeated crossbreeding 

gave rise to new breeds of wolfdogs such as the Lupo Italiano, the Kunming Wolfdog, 

the Saarloos Wolfdog and the Czechoslovakian Wolfdog (De Lavigne 2015). 

Czechoslovakian is the most widely spread among others and its amount reaches 24.0 

hundred registered individuals (Smetanová et al. 2015).  

      The history of the Czechoslovak Wolfdog breed dates, relatively recently, in 

1955. This is a unique dog origin from the beginning of attempts to crossbreed a German 

Shepherd Dog and a wolf (Carpathian). This case represents extreme forms of 

anthropogenic hybridization (Allendorf et al. 2001). The original object of the experiment 

was to characterise, for the first time, the genetic composition. If crossbreeding could 

improve the health, resistance and persistence of dogs. This experiment has confirmed 

that this combination can produce healthy offspring. In 1965, began the development of 

a new breed of dog. In 1981 or 1982 the Czechoslovakian Wolfdog was recognized as a 

national breed by the Fédération Cynologique Internationale (FCI). After this crossing, 

the organisation prohibited all other crosses between wolf and dog (Hartl & Jedlička 

2002). 

The resulting breed could create a problem, due to an overly limited number of 

founders. The biggest issue would be the low genetic variability. But the preliminary 

genetic studies that have been done have not confirmed such a risk. Research into the 

diversity of its genome has shown that it differs not only from all other dog breeds but 

also from both of its parents (Caniglia et al. 2014; Smetanová et al. 2015). Reconstruction  
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methods have identified more than 2.000 genes with dog ancestry that play a role in lipid 

metabolism, regulation of circadian rhythms, and learning and memory processes. Also, 

more than 300 genes with wolf ancestry are related mainly to morphological markers 

(Caniglia et al. 2014). 

3.4. Protection 

Human opinion is hugely important in wolf conservation planning. If people do 

not agree to its introduction into the landscape, illegal hunting and poaching will increase 

greatly (Boitani 2000). Society's attitudes towards the legal protection of carnivore 

species have shifted with a greater understanding of ecology, allowing for large predators 

to coexist with humans in favourable political conditions. But humans must avoid a return 

to regulating numbers by killing, conflicts must be effectively and acceptably prevented. 

Many methods have been tried to cope with the persistent problems the damage caused 

to livestock. These included separating these animals from wolves and large carnivores, 

for example, keeping livestock confined during the night or bad weather, and deterring 

predators with electric fences, and chemical or visual devices. Another element of 

protection is guard dogs or intimidation with blank projectiles. If such measures fail, the 

damage is usually compensated (Rigg et al. 2011). 

    Improving the minds of humans towards large carnivores is therefore essential 

for the coexistence of both (Glikman et al. 2012; Bruskotter & Wilson 2014). Information 

is very important, although it influences public opinion. What is written in the news, 

media, newspapers and on the internet is rarely discussed, whether it is true or not (Happer 

et al. 2013; Young et al. 2016a). In most cases, this animal is negatively framed (Jürgens 

& Hackett 2017) and it has been shown to have a greater impact on people's opinions, 

than positive information in psychological, social and political studies (Soroka 2006). 

One hypothesis is that people's beliefs are affected by knowledge and that opinion could 

therefore be directly or indirectly influenced by the kind of information being provided 

by different media sources (Guy et al. 2014). Confidence in the origin of the information 

is an essential component of the position towards wolves. Evidence-based information is 

necessary for good public conservation decision-making and is central to keeping people's 
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belief in the information they are provided with (Pullin et al. 2004; Cook et al. 2010). 

Developing trust between stakeholders has proven to be a key element in solving the 

problem (Young et al. 2016a). 

3.5. The importance of Canis lupus in the landscape 

As a top predator, the wolf plays an irreplaceable role in nature. In addition to the 

wolf, upper predators include the lynx or bear, meaning that they have no enemy in nature 

(Kutal 2013), with their position on the highest point of the food web having a cascading 

influence on their ecological communities and ecosystems through their direct and 

indirect effects across lower trophic levels (Beschta & Ripple 2006). Also, they are called 

forest health officers (Chabadová et al. 2016). The absence of a carnivore as the highest 

link in the food pyramid leads to its disruption, as in the case of food chains. By returning, 

these relationships are straightened out. Predators themselves have a direct effect on their 

prey and an indirect effect on the flora. 

This highly controversial large carnivore, which has no habitual competitor except 

humans, brings with it both positive effects on the entire environment, but also negative 

impacts. The wolf does not change the vegetation directly but contributes significantly by 

hunting wild boar and mainly large herbivores such as deer and roe deer and prevents 

them from overpopulating, which is very difficult for nature. Mostly in winter, when there 

is not enough greenery, animals nibble young trees and graze seedlings, which prevents 

the natural regeneration of the forest. At the same time, if a predator of a previously 

dominant species appears, its numbers will be reduced, making space for other species 

that it had previously oppressed. 

The presence of carnivores, therefore, influences the species composition of the 

forest and restores nature's natural balance. The beast naturally preys on weaker, sick, 
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slow, or old individuals, which are easier to kill, resulting in spontaneous Darwinian 

natural selection and maintenance of the genetic quality of the population (Kutal 2013). 

3.6. Monitoring of Canis lupus  

Monitoring grey wolves (Canis lupus) is an essential component of studying the 

genetic structure of a population. This is because it allows researchers to track population 

size, distribution, and movements of the species, as well as to identify any genetic 

introgression from other species. This information is useful when studying the expansion 

of wolf populations in the Western Palearctic and their interactions with dogs. 

Various methods are used to monitor wolves, such as camera capture, non-

invasive genetic sampling, and population assessment methods. Mattioli et al. (2014) 

studied wolf populations in Italy and proposed a monitoring system using both camera 

capture and non-invasive genetic sampling. They concluded that a combination of these 

two methods would be most effective for monitoring wolf populations and distribution in 

a given area. 

Reding and Gräber (2021) studied wolf recolonization in Lower Saxony and 

concluded that camera capture was the most effective method for estimating wolf 

population size and distribution in the area. Galaverni et al. (2012) conducted a small pilot 

study in which they used cameras and non-invasive genetic sampling to monitor wolf 

populations in Italy. They concluded that camera capture was more effective in estimating 

population size, while non-invasive genetic sampling was more effective in estimating 

population genetic structure. 

Non-invasive genetic sampling has also been used to study interactions between 

wolves and dogs in the Western Palearctic. Dufresnes et al. (2019) used non-invasive 

genetic sampling to study the introgression of dogs into wolf populations in the Alps and 

concluded that introgression was very limited. This information is useful for 

understanding wolf population dynamics as well as assessing the potential impact of 

interbreeding between wolves and dogs. 

Camera capture is another important tool for monitoring wolves. Kucera & Barrett 

(1993), Cutler & Swann (1999), Lucchini et al. (2002), Larrucea et al. (2007) and De 
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Barba et al. (2010) conducted studies showing that camera capture can be used to monitor 

wolf populations. The advantage of camera capture is that it is non-invasive and relatively 

inexpensive, and can provide detailed information on wolf population size, distribution, 

and movements. 
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4. Aims of the practical part of the thesis 

● Training the principles of DNA extraction, PCR and visualisation of results in a 

molecular genetics laboratory. 

● Learning bioinformatic methods for the analysis of animal samples. 

● Analyse a dataset of samples and evaluate the possible occurrence of hybrids. 

5. Materials 

In this thesis, I was involved in DNA extraction and genotyping of the non-

invasive samples which are being routinely processed in the Laboratory of Molecular 

Genetics at FTZ ČZU.  Data generated by me are considered as training data, therefore, 

any conclusions based on these results should be treated with caution. Due to the 

sensitivity of the topic, any details about the dataset are not provided. More information 

should be requested from the supervisor of the thesis. 

 

 

 

 

 

 

 

 

 

 

 



24 

 

6. Methodology  

Extracting DNA  

The NucleoSpin ® DNA Stool kit (Macherey Nagel) was used for DNA isolation 

from ethanol-stabilised wolf dung. The instruction manual for the isolation was available 

from the provider and work started and finished strictly according to it. The bright parts 

have been selected, because it must contain large intestine cells. The samples were then 

weighed into tubes with glass beads. The most suitable amount of material should be 

between 0.18 and 0.22 g for higher isolation efficiency. Then, after adding the proteinase, 

the samples must be left to incubate according to the manufacturer's instructions. After 

incubation, occurs the centrifugation stage, after which 600 μl of the liquid portion of the 

samples were pipetted into new tubes. In the following steps, was done a sequential 

washing with buffer  and fixation of the isolated DNA on the silica membrane. The elution 

buffer was used to separate the nucleic acid. A NanoDrop spectrophotometer was used to 

determine the concentration of the isolated DNA. The absorbance at 260 nm is directly 

proportional to the concentration of DNA. Before measuring, the device had to be 

calibrated using the elution buffer used in the isolation. The results from wolves’ samples 

usually do not come out the cleanest, so it is necessary to monitor the quality of the isolate 

using an absorbance curve. Individual concentrations had to be recorded on paper. 

Preparation of the PCR reaction 

The basic principle of PCR is the repetitive controlled denaturation of double-

stranded DNA and subsequent renaturation of single - stranded DNA by specific 

oligonucleotides that are in excess in the reaction mixture. These oligonucleotides 

subsequently provide primers for the synthesis of the new DNA strand. DNA 

amplification proceeds in repeating cycles. Isolated wolf DNA was available. For wolves 

are used three mixtures of primers (primermix A, B, C - this mixture contains primers 

from A and B). The first step was to illuminate the FlowBox with a UV lamp to sterilise 

the box and the instruments in it. During the illumination, there should be no chemicals 

in it, UV radiation can cause it to degrade. Then the chemicals and samples had to be 

taken out of the freezer and left to stand freely at room temperature to give them time to 

unfreeze. To strip were pipetted 5 µl of Multiplex PLUS master mix, 3 µl of water, 1 µl 

of primermix and 1 µl of DNA, for a total capacity of 10 µl. Centrifuged them, so that no 
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droplets remain on the cap and walls. Placed the strips in the BioRad T100 thermocycler 

and check that the plastic border is positioned on the side corresponding to the top of the 

tube caps to prevent the caps from sticking or accidentally leaking and evaporating the 

samples. The appropriate program had to be set on the cycler. When the reaction was 

complete, the finished PCR samples were transferred to the refrigerator. A negative 

control should always be performed to ensure that no contamination has occurred. The 

FlowBox had to be cleaned out after the work and allowed to light up again. 

Fragmentation 

The next task was fragmentation. For this purpose, a premix containing 8.75 μl 

formamide and 0.25 μl ladder per sample was prepared, both of which must always be 

frozen in the refrigerator. After splitting the premix into strips, 1 μl of PCR sample was 

added. The FR (fragmentation) label and number had to be written on the strip and the 

bag, then it was transported for control. After the fragmentation results were complete, 

they could be opened in Geneious. The peaks of the ladders must be ranked and the peaks 

of each allele labelled with all the colours of the sample. This determined where on the 

chromosome each allele was located and whether the individual was homozygous (one 

peak) or heterozygous (two peaks). It is used to identify specific individuals, to determine 

relatedness, herd membership or simply to determine the species. 
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7. Results 

In Figure 5, the results from the Structure program are displayed. Each column 

represents one individual and each colour represents the classification of the tested 

cluster. The orange colour corresponds to the Carpathian population cluster, purple shows 

the Lowland wolf population. Blue indicates the dog cluster. The green colour in K=4, 

represents red foxes and golden jackals. At K=4 there was a clear separation of dogs, red 

foxes + golden jackals and wolves. We can see that our determined identification of the 

dog or wolf population and the predominant colour of the cluster do not always coincide. 

In samples 62 and 112, we can see both wolf and dog assignments. In these two cases, it 

potentially could be an admixture between dog and wolf. However, this approach is not 

designed to test hybrid categories and only assigns individuals into clusters based on the 

allele frequencies. Suspected animals have to be tested in a specialised program, which 

directly tests hybrid origin. 

 

                                             

                 Figure 5: Results in Structure program. The numbers below show populations. 

We used the NewHybrid program for more precision in the estimation of 

admixture between dogs and wolves. The program evaluates the assignment into different 

pure and hybrid categories. In Figure 8, two different white-grey colours indicate pure 

wolf and pure dog origin. The green colour shows F1 hybrids and the orange colour shows 

F2 hybrids. Yellow represents backcrossing into the wolf population, blue represents 
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backcrossing into the dog population. Sample 57 appears to be a hybrid. Samples 86 and 

92 partly show the classification of backcrossing.  

Samples 62 and 112, which were suspected of an admixed origin based on the 

Structure program, were not confirmed in the NewHybrid program. 

	

                                       Figure 6: Results in the NewHybrid program. 
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8. Discussion 

First of all, it has to be stated that this is a student training dataset made solely for 

the purposes of this study, and no management decisions and conclusions should be based 

on the results of the study. Final evaluations have to be done with more caution, as 

discussed later. 

The results from both the Structure and NewHybrid programs provide insights 

into the genetic composition of the studied population of canids. During the analysis in 

the Structure program, the samples were clearly divided into a wolf, dog, red fox and 

golden jackal populations, which was shown in Figure 5. Results for K=4 had a clear 

separation and samples were split into a particular group. Only in two samples 62 and 

112, was a visible overlap with the domestic dog population. 

For a more detailed analysis of hybridization events, a method directly designed 

for testing hybrid categories in the NewHybrid program was used. The NewHybrid 

program also had a clear separation of population. It was observed that samples 62 and 

112, which showed admixed clustering in the Structure program, were not confirmed it 

in the NewHybrid program. But the program rated the other sample as admixed and 

showed backcrossing in two samples. 

However, F2 hybrids are very unlikely to occur, and more realistically, the signal 

is arbitrary. Another clue is that the signal was not stable using different approaches. All 

suspect individuals should be re-genotyped and re-analyzed. Another fact is, that more 

populations of wolves were included in the dataset, which meant that they share different 

allele frequencies. In the future, each population (Carpathian and Lowland) should be 

tested separately.  

A major disadvantage of this analysis is the small number of amplified samples 

and therefore specific predictions and conclusions for the population cannot be made with 

high confidence. 
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9. Conclusions 

The literature thesis concludes that the wolf population is increasing in the 

Western Palearctic region, which began in the 20th century. But the expansion of wolf 

populations is a complex process that is influenced by various factors. One of the main 

factors is the availability of prey, which has a direct impact on the size and distribution 

of wolf populations. Other factors include habitat suitability, human activities, and 

climatic conditions. For instance, the expansion of wolf populations in some areas of 

Europe has been attributed to the recovery of large herbivores such as deer (Cervus), 

which provide a significant source of food for wolves. 

Genetic diversity is another important factor that influences the expansion of wolf 

populations. The genetic diversity of a population affects its ability to adapt to changing 

environmental conditions and resist diseases. In this thesis, it was found that the genetic 

diversity of wolf populations in the Western Palearctic varies depending on the location, 

with some populations showing higher levels of diversity than others. This information is 

important for conservation efforts and for understanding the long-term viability of wolf 

populations in the Western Palearctic. 

The interaction between wolves and dogs is a complex and often contentious 

issue. Domestic dogs can have both positive and negative impacts on wolf populations. 

Dogs can pose a significant threat to wolves through hybridization and competition for 

resources. In this thesis, it was described that the impact of dogs on wolf populations 

varies depending on the location and the management strategies in place.  But the results 

of the studies showed that hybridization in the selected populations does not recently 

occur frequently. 

Overall, this thesis highlights the importance of understanding the complex 

interactions between wolves and their environment, including other species such as dogs. 
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