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Abstract 

 

This dissertation explores the intricate world of ticks and tick-borne diseases (TTBDs) by 

investigating the connections between ticks, their neglected habitats, and unusual hosts. 

While there is a substantial body of existing knowledge, significant gaps in our understanding 

of tick-related issues persist. In the context of a changing Earth, including climate change, 

landscape alterations, and increasing human impact, ticks and tick-borne pathogens are 

undergoing significant transformations in distribution, genetic diversity, species composition, 

activity patterns, and resilience. Understanding the impact of landscape use, habitat 

transformation, and host selection on the prevalence of TTBDs is vital within the complex 

mosaic of tick-related science. The interplay between ticks, hosts, and habitat is intricate, 

particularly for exophilic ticks as Ixodes ricinus, a key vector for various tick-borne diseases in 

Europe, including Czechia. To comprehensively evaluate the evolving landscape of tick 

ecology, a multifaceted, One-Health approach is necessary. This dissertation addresses less 

explored and understudied issues within the field of TTBDs, offering new perspectives and 

valuable insights with applications across various research areas. The initial literature review 

underscores the significance of TTBDs as a crucial concern for zoo-housed animals. However, 

there is a notable absence of information on TTBDs in exotic farm-kept animals. To address 

this gap, I conducted a unique empirical study on TTBDs in exotic animal farms in Czechia. 

The findings revealed that these animals serve as suitable hosts for TTBDs, and notably, large 

animal pastures are associated with reduced tick activity. This observation was further 

validated by collecting data in the Milovice natural reserve during rewilding initiatives, where 

pasture not only contributed to overall biodiversity enhancement but also led to a decrease 

in tick activity. Conversely, postindustrial landscapes, after years of ecological succession, 

emerged as an ideal biotope for TTBDs. Drawing on my collected data and insights from the 

literature, I undertook a comparative analysis of various tick management strategies. 

Subsequently, I proposed novel approaches to mitigate TTBDs. These recommendations aim 

to benefit both the general public and specialists involved in addressing this crucial issue. In 

summary, this dissertation underscores the complexity of TTBDs and the need for a holistic 

approach to tick-related research. The findings provide valuable insights into tick ecology, 

tick-ecosystem interactions, and the impacts of rewilding on tick populations. Further 

research is essential to assess actual risks to both human and animal health, including the 

effects of tick-borne pathogens on exotic animal species and vector/host competence among 

such diverse hosts. This research aimed to open new avenues in tick-related studies within 

the growing field of modern tick research. 

Keywords 
 

Ixodes ricinus, tick-borne diseases, exotic animals, landscape management, Borrelia spp., tick 

ecology 
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1. INTRODUCTION 
 

Ticks, parasitic arthropods of great scientific and social interest, have become a focal point of 

substantial research efforts in recent years. This surge is evident in the constantly increasing 

number of published studies, mirroring the emergence of novel problematics and research 

methodologies concerning tick population biology, ecology, and tick-borne pathogens (TBPs). 

This rapidly expanding repository of knowledge has unveiled unexplored concerns related to 

the influence of ticks on human, animal, and environmental health. The embrace of the "One 

Health" approach has revealed the global threat represented by ticks, underscoring the 

urgency for inventive strategies to address the challenges posed by ticks and TBPs. 

Amidst shifting Earth conditions like climate change, landscape fragmentation, 

landscape use change, and the burgeoning impact of human activities on the environment, 

ticks and the ensuing TBPs are undergoing transformations in their distribution (Diuk-Wasser 

et al. 2020), genetic diversity (Krücken et al. 2021), species composition (Bacon et al. 2022), 

activity patterns (Ogden et al. 2021), and resilience (Gilbert 2021). In the past four decades, a 

consistent rise has been observed in the abundance and geographic dispersion of numerous 

significant tick species. Notably, these ticks have expanded their presence northward and to 

elevated terrains, thereby increasing their worldwide implications for public and veterinary 

health (Süss et al. 2008; Léger et al. 2013). This significant ecological reconfiguration within 

the realm of ticks and tick-borne diseases (TTBDs) has caused substantial financial burdens 

within both the medical and veterinary domains. Globally, the combined toll of ticks and 

TBPs culminated in an estimated economic loss ranging from $22 to 30 billion annually in 

2015, solely in the realm of cattle production (Lew-Tabor & Rodriguez Valle 2016). 

Considering the increase of the cattle population from 1.47 billion in 2015 to an estimated 

1.52 billion animals in 2021, as reported by FAOSTAT (FAO 2023), and adjusting for 

inflationary effects, this figure is poised to escalate substantially in 2023. Another example, in 

the medical sector, the financial burden associated with Lyme disease (LD) in the United 

States was appraised with a mean patient cost of approximately $1,200 (median $240) and a 

mean societal cost of approximately $2,000 (median $700) during the period spanning 2014 

to 2016 (Hook et al. 2022). This translated into an annual aggregate cost for diagnosed LD 

that swelled to a range as wide as $345ς968 million in the United States only (Hook et al. 

2022). These numbers can be expected to increase in the following years if no precautionary 

measures are taken, and if scientists and governmental bodies do not provide further data 

and protection strategies. 

Conducting research on the subjects covered in this dissertation, such as the impact 

of landscape utilization and change, along with the exploration of unconventional hosts for 

ticks, holds significant importance in advancing the overall knowledge base. This knowledge 

dissemination benefits a wide spectrum of professionals, encompassing infrastructure 

workers like farmers, forest laborers, woodland managers, veterinarians, medical 

practitioners, as well as governmental entities. Absence of such insights would compromise 
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the accuracy and efficacy of forecasts for prospective measures, such as ecological 

restructuring of landscapes (e.g., rewilding), combatting TTBDs on animal farms or urban 

areas, and forming of legislative reforms.  

The role of landscape fragmentation and habitat transformation in driving the 

prevalence of TTBDs has been backed by empirical evidence (Piedmonte et al. 2018; Millins 

et al. 2018; Václavík et al. 2021). Recent transformations in agricultural landscapes hold 

significant sway in effecting alterations within both vertebrate and invertebrate 

communities, as noted by Perez et al. in 2016. Landscape properties, including composition 

and configuration, and biological interactions of fauna and flora, influence the abundance of 

ticks and their hosts (Fig. 1) (Ehrmann et al. 2017). While many tick species display resilience 

and adaptability in the face of new ecological pressures, their survival remains hinged upon 

the availability of suitable hosts (Krasnov et al. 2007; McCoy et al. 2013). The categorization 

of a host as suitable varies among tick families and species, encompassing both generalist 

and specialist tendencies within the Ixodida order (McCoy et al. 2013). Continuously, novel 

host species come to light, and as ticks continue to evolve, new preferences and populations 

are forged. Such preference changes carry the potential to escalate the infiltration of TTBDs 

into unexpected areas. 

Given that ticks spend the majority of their lifecycle detached from their hosts, their 

capacity to survive and develop is equally reliant on the environmental conditions they 

encounter (Perez et al. 2016; Ehrmann et al. 2017). Various habitats exhibit a diverse array of 

environmental traits, each capable of impacting a tick's capacity for seeking hosts. Numerous 

publications have highlighted the pivotal functions that humidity and temperature fulfill in 

shaping the behaviors of ticks as they search for hosts (Schulze et al. 2001; James et al. 2013; 

Richardson et al. 2022), ticks are therefore more likely to be found in habitats that reduce 

desiccation risk. For example, if humidity levels drop below 80% the chances of survival 

diminish in Ixodes ricinus ticks and questing periods are shortened, as noted by Gray (1991). 

Unfed ticks emerge from the sheltered undergrowth and the soil layer, where humidity is 

higher, and ascend into the higher vegetation layer in search of a potential host (Perret et al. 

2000; Schulze et al. 2001). Once on exposed plants, ticks rapidly lose body moisture while 

awaiting a host. If water loss becomes excessive, ticks must cease their host-seeking and 

retreat to the soil and leaf layer to rehydrate through sorption (Gray 1984). However, 

different tick species, such as argasid ticks within the Ornithodoros erraticus complex  (Diatta 

et al. 2012) or ixodid ticks like Ixodes scapularis (Brunner et al. 2023), are better adapted 

even to drier environmental conditions. Temperature, in addition to humidity, stands as 

another important factor influencing tick dynamics. Like most invertebrates, ticks can only 

remain active above a certain ambient temperature. Furthermore, ticks must continually 

weigh the energetic costs and mortality risks associated with host-seeking against the 

likelihood of finding a host. This balance has driven the evolution of diapause patterns, 

frequently occurring over the winter in temperate areas, within the tick's life cycle, as 

described by Jensen et al. (1999). However, during the decades dedicated to tick research it 

has been observed that ticks possess the capability to evade or withstand unfavorable 
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environmental conditions in nature, and what proves fatal to one stage in their life cycle may 

not necessarily affect other stages  (Brunner et al. 2023). 

The interplay between parasites, hosts, and their habitat is especially intricate in the 

case of exophilic ticksτwhich actively seek hosts beyond their typical habitat (see Fig.1). 

Figure 1, Dynamics of Climate, Landscape, and Human Factors in Ecology of TTBDs: (1) The interplay 

between shifts in climate, landscape management, and human activities influencing the ecology of 

ticks and tick-borne diseases. (2) Diagrammatic representation depicting both the direct and indirect 

effects of climate on the distribution and population densities of ticks.  

This intricacy is exemplified by the tick I. ricinus, which stands as the most abundant tick 

species in Europe, including Czechia. This species takes center stage in this dissertation, 
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presenting itself as a focal point of most of our research. I. ricinus is an important vector for 

various tick-borne diseases (TBDs) within Europe, including, among others, borreliosis, tick-

borne encephalitis, ehrlichiosis, and babesiosis (Heyman et al. 2010). This variety of diseases 

causes a considerable impact on both human and animal health, underscoring the critical 

importance of I. ricinus ticks as subjects of extensive research. While the intricate ecology of 

I. ricinus has been subject to thorough investigation, the ongoing transformations in land 

management, climate patterns, and urban expansion have significantly altered the 

distribution and abundance of these ticks (Kahl & Grey 2023; Janzén et al. 2023). These shifts 

introduce fresh opportunities and challenges in the regulation of TTBDs dynamics in Europe 

(Hauck et al. 2020). 

For a comprehensive evaluation of the rapidly evolving landscape of tick ecology, 

multiple factors warrant consideration, and novel perspectives must be studied. Our research 

has been dedicated to addressing less apparent and understudied issues within this field. 

These issues deserve attention and recognition since they hold the potential to provide 

valuable new insights that could have significant applications in various research fields. 

 

1.1  Aims 

 

Considering the aforementioned context, the primary goal of this thesis was to offer 

enhanced understanding regarding the handling of TTBDs, with particular emphasis on 

landscape variations and atypical host animals. In pursuit of these objectives, this 

dissertation endeavors to: 

1. Assess the potential risk posed by TTBDs to exotic animals housed in both farm and zoo 

settings. 

2. Assess the relationship between landscape management practices and the abundance of 

ticks. 

3. To evaluate, compare and propose management strategies for the control of ticks and tick-

borne diseases.  
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2. LITERATURE REVIEW 
 

2.1 Tick history 
 

The complex biology of ticks has been extensively studied, resulting in a comprehensive 

understanding of its characteristics. Ticks are obligatory parasites that exclusively feed on the 

blood of vertebrate host. The parasitic relationship between ticks and their hosts dates as far 

back as Paleozoic (Mans et al. 2011, 2016) or Mesozoic era (Beati & Klompen 2019). It is well 

known that tick-host ties are very strong, and ticks are often dependent on the biology and 

ecology of their selected hosts. Naturally, ticks developed throughout their long evolution to 

parasitize on specific wild animals, however eventually some species have adapted to feed 

on huge variety of animals including domesticated animals introduced to the food chain later 

in evolutionary development. Over the course of history, an abundance of accounts has 

recorded ticks and their engagements with domesticated animals. There are records of 

Rhipicephalus sanquineus sensu lato ticks infesting dogs as early as the era of Ancient Egypt 

(Huchet et al. 2013; Otranto et al. 2014). Aristotle (355 B.C.) described ticks in his Historia 

Animalium ŀǎ άŘƛǎƎǳǎǘƛƴƎ ǇŀǊŀǎƛǘƛŎ ŀƴƛƳŀƭǎέ ǘƘŀǘ ŀǊŜ άƎŜƴŜǊŀǘŜŘ ŦǊƻƳ ŎƻǳŎƘ ƎǊŀǎǎέΦ [ŀǘŜǊ 

Marcus Porcius Cato (circa 200 B.C.) made references to ticks in the context of sheep care, 

underscoring the role of proper management in reducing tick infestations. Finally, Pliny the 

Elder (A.D. 77) provided a more comprehensive account of ticks in his Historia Naturalis, 

offering detailed descriptions and highlighting their occurrence among various domestic 

animals, including dogs, cattle, goats, and sheep (Arthur 1965).  

 

2.2 Tick biology and ecology 
 

Ticks are a ubiquitous, and versatile group with many variabilities between different species. 

As indicated in the Introduction chapter (pp. 1-4), this work centers on the European castor 

bean tick, I. ricinus. Given its dominance as the most common tick species in Europe, it 

stands out as the natural and optimal subject for study. 

Ticks belong to the class Arachnida, subclass Acari, superorder Parasitiformes and 

order Ixodida. The Ixodida order is currently divided into five families: three recent families 

Argasidae, Ixodidae, Nuttalliellidae and two now extinct Deinocrotonidae and Khimairidae 

(Chitimia-Dobler et al. 2022). Most tick species undergo maturation through several 

development stages (larva, nymph, adult) (Oliver 1989; Anderson 2002). Ixodid ticks feed 

once during each developmental stage to trigger molting. In certain species, adult males 

exhibit stunted feeding organs, hindering their ability to feed. This characteristic is observed 

in the tick species of interestτI. ricinus ticks. (Dantas-Torres & Otranto 2022). Argasid ticks 

usually feed once only in the larval and nymphal stages but can feed several times in the 
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adult stages. (Oliver 1989). Some argasid species are able to molt even without feeding or 

have only rudimentary mouth parts and cannot feed at all in adult stages (Oliver 1989; 

Santiago et al. 2019). Ticks can survive exceptionally long periods of time without feeding, up 

to one year in ixodid ticks (Dantas-Torres et al. 2012), and even up to 18 years in argasid ticks 

like the Ornithodoros lahorensis (Hoogstraal 1985).  The longest recorded survival time under 

laboratory conditions was documented in the African tick Argas brumpti, which lived for 

more than 26 years. (Shepherd 2022).  

 

2.3 Reproduction and oviposition 
 

In ticks, reproduction is induced and regulated by specific pheromones of many different 

types (Roe et al. 2008). Copulation can occur both in the environment, and on the host. 

Apart from Argas transversus, argasid ticks always copulate in the environment (Shepherd 

2023). Male ixodid ticks from the Ixodes genus reach maturity and produce spermatids 

before feeding and can mate in the environment or on the host. Female ticks need to feed in 

order to finish oviposition with the exception of some argasid species capable of autogeny 

like Otobius spp., Argas persicus, Ornithodoros fonsecai and others (Santiago et al. 2019; 

Dantas-Torres & Otranto 2022). Spermatophore transfer lasts only few minutes, but ticks can 

remain in sexual contact for days (Dantas-Torres & Otranto 2022). Some species of ticks are 

believed to be parthenogenetic like the tick Amblyomma rotundatum (Luz et al. 2013). It is 

hypothesized that parthenogenetic races could form if enough survival pressure is 

introduced to some ticks as was observed in Haemaphysalis longicornis (Chen et al. 2012; 

Soares et al. 2021). Mating is also one of the regulatory systems influencing tick feeding 

patterns. Most females will not finish engorging until mated and finish rapid engorgement 

only after fertilization (Kiszewski et al. 2001). Oviposition follows in several days after final 

engorgement, but oviposition diapause can follow in unsuitable conditions with temperature 

being the key factor (Troughton & Levin 2007; Dantas-Torres et al. 2011). After laying a single 

batch of thousands of eggs the ixodid females die. Unlike ixodid ticks, argasid females can lay 

several batches of eggs and often display maternal or a brooding behavior (Pienaar et al. 

2018). The number of eggs is directly connected to the amount of engorged blood 

(Troughton & Levin 2007; Dantas-Torres & Otranto 2022).  

 

2.4 Feeding and saliva 
 

The feeding time is varied and can last from several hours to several days or even weeks, 

depending on the species and development stage ό/ƘƳŜƭŀǌ Ŝǘ ŀƭΦ нлмсΤ 5ŀƴǘŀǎ-Torres & 

Otranto 2022). The feeding process is complex and is one of the most important processes 

influencing and incurring the transmission of TBPs (Brossard & Wikel 2004). The feeding 

process in ticks is not continuous, but rather consists of distinct phases of sucking, salivation, 
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and resting (Dantas-Torres & Otranto 2022). During the feeding, tick saliva is injected into the 

bite area alternating with blood meal ingestion by the tick. Since ticks are pool feeders, and 

ingest all the fluids accumulated in the bite wound most host-tick-pathogen vital interactions 

are realized during tick feeding ό~ƛƳƻ Ŝǘ ŀƭΦ нлмтύ (see Figure 2 for details). The reaction of a 

host to tick attachment and feeding includes natural processes characteristic to any invasion 

of foreign body on skin and blood stream including vasoconstriction, inflammation, 

activation of the coagulation cascade, tissue remodeling and forming of hemostatic plug 

(Kotál et al. 2015) (Fig.2). Tick saliva has evolved to curb all such defenses of the host using 

complex pharmacological armament which enables the tick to successfully feed even for 

prolonged periods of time ό[ƛǳ ϧ .ƻƴƴŜǘ нлмпΤ Yƻǘłƭ Ŝǘ ŀƭΦ нлмрΤ /ƘƳŜƭŀǌ Ŝǘ ŀƭΦ нлмсύ. It has 

also been demonstrated that tick saliva creates a hospitable environment for TBPs increasing 

their survivability, propagation and facilitating their transmission (Wikel 1999; Hovius 2009; 

Kazimirova & Stibraniova 2013) by modulating or disrupting immune response of the host 

(Wikel 1999; Wikel & Alarcon-Chaidez 2001) and providing matrix for pathogen transmission 

(Fig.2). We can demonstrate the close feeding-saliva-pathogen interactions on the Borrelia 

spirochetes causing Lyme disease. Initially spirochetes attach passively to the midgut lining of 

ticks in a state of rest, and they only become active when the tick starts to feed. The 

activation is induced by upregulation of outer surface protein C (OspC) that starts to replace 

the dormant-state surface protein OspA (Schwan & Piesman 2000). Once activated, the 

spirochetes are able to migrate from the midgut into the tick's circulatory system, ultimately 

targeting the salivary glands. Eventually, they are expelled into the host through the tick's 

saliva (Schwan & Piesman 2002). Ticks modulate the adaptive immune response by directly 

affecting B and T lymphocytes through saliva molecules (Fontaine et al. 2011; Kazimirova & 

Stibraniova 2013; Wikel 2013). Additionally, they induce changes in dendritic and other 

antigen-presenting cells, as well as soluble mediators of the immune response (Skallová et al. 

2008; Mason et al. 2014). Other interferences have been demonstrated like T-helper cells 2 

(Th2) polarization of the immune response and diminishing the T-helper cells 1 (Th1) 

cytokines like IFN-ʴ (Mejri et al. 2001). Mice infected with B. burgdorferi via nymph feeding 

exhibited a Th-2 cell response, whereas mice injected with a syringe displayed a mixed 

response involving both Th-2 and Th-1 cells. These differences are probably influenced, at 

least in part, by the proteins found in tick saliva (Christe et al. 2000). Finally, tick saliva 

activates the inhibition of coagulation cascade and impacts effectors of innate and adaptive 

immunity (Guo et al. 2009; Wikel 2013). This implies that the effectiveness of the host's 

immune response to Borrelia spp. infection is shaped, at least in part, by the way the 

pathogen is influenced by tick saliva. Many other saliva-host-pathogen interactions have 

been demonstrated, however, to go into more detail about this problematic would be 

beyond the scope of the dissertation thesis.  
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Figure 2: Tick Salivary Modulation of Host Responses and Pathogen Transmission. Tick mouthparts 

attach via a cement cone, creating a bleeding pool. During their blood meal, ticks release varied 

active saliva molecules that manipulate host responses (itch, pain, inflammation, immunity). This 

saliva contains SAT factors facilitating pathogen transmission and infection. Source: Kazimirova & 

Stibraniova 2013. 

The close relationship between ticks and their hosts is further highlighted by the 

specific patterns of tick drop-off following feeding. The drop-off of ticks, when they are 

satiated and prepared for molting or oviposition, is intricately linked to the daily rhythms of 

their hosts (Dantas-Torres 2010). For instance, in the case of Haemaphysalis leporispalustris 

ticks and rabbits, most ticks will detach during the day when rabbits seek refuge in their 

nests or burrows, which serve as safe habitats for both the ticks and the rabbits. Conversely, 

tick drop-off during the night, when rabbits are active and outside, is relatively rare (George 

1971; Oliver 1989). This example underscores the interconnectedness between ticks and 

their hosts, shedding light on the complex array of interactions that ticks engage in with their 

hosts. 

 

2.5 Host selection and specificity 
 

Ticks can be both generalists and specialists in their host selection (Dantas-Torres & Otranto 

2022). Generalists can feed on a broad range of various vertebrate species of mammals, 

amphibians, reptiles, and birds. Specialists on the other hand, feed on selected animal 

species. Very strict host specificity is apparently uncommon in ticks as is indicated in research 

comprising 4172 records of hard ticks from Neotropical regions (Nava & Guglielmone 2013) 

where all tick species were associated with 3 to 20 host animal species. However, host 

specificity and selection seem to be fairly complex with variability among different 
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populations of the same species of ticks. For example,  I. ricinus tick is commonly identified 

as a host generalist with development and evolution more closely connected to environment 

than to host biology and ecology (Klompen et al. 1996). However, the formation of the so-

called host races has been observed in this and other species of ticks (Magalhães et al. 2007; 

Kempf et al. 2011) linking tick populations to specific preferred hosts in different areas of 

occurrence inducing genetic differentiation of studied populations. Some ecological traits of 

the hosts, like high reproduction rates or low dispersal predispositions for example, would 

suggest that ticks could favor one host over others at least on a local habitat scale (Kempf et 

al. 2011). Host preference can change and evolve quickly in hard ticks like Ixodes uriae 

(Mccoy et al. 2001; McCoy et al. 2005; Kempf et al. 2009) and even in one-host tick like 

Rhipicephalus microplus (De Meeûs et al. 2010). To further confound the matter of host 

selection, the habitat ticks live in also influences host selection. For instance, particular tick-

repellent compounds discovered in specific plants may play a role in the selection process 

(Jaenson et al. 2005; Thorsell et al. 2006). Ticks are more likely to avoid areas where such 

repellent plants thrive even with abundant host presence (Kayaa 2000). Also, more or less 

alluring host odors could enhance or diminish such habitat predispositions (Douglas et al. 

2004; Crooks & Randolph 2006). It is now apparent that host selection by even generalist 

ticks is not completely random and is closely linked to the area of dispersion of given tick 

population. 

Ticks' remarkable adaptability enables them to parasitize understudied animal 

species (e.g., non-indigenous zoo animals). Little is known about the prevalence of TBPs in 

these hosts, their ability to transmit TBPs, and the suitability of exotic hosts for different tick 

species. Our team has published a comprehensive review on this topic, providing valuable 

insights for tick and TBP research. The review is provided on pages 32-58 of this thesis. 

 

2.6 Habitats and distribution 
 

Most tick species spend a significant portion of their lifecycle in environments that subject 

them to considerable selection pressures due to varying abiotic factors (Dantas-Torres et al. 

2011). Ticks have evolved a range of strategies to adapt to these conditions. Numerous 

argasid ticks, along with select Ixodes species, have developed a nidicolous life cycle strategy, 

residing their entire lives within nests, animal shelters, caves, burrows, and even human 

housing (Guglielmone et al. 2014; Dantas-Torres & Otranto 2022). However, most ticks 

inhabit a diverse array of ecosystems, spanning from tropical to temperate climates, 

encompassing steppes, prairies, and even tundra (Guglielmone et al. 2014). Notably, many 

ixodid ticks display resilience in unexpected arid and hot environments, such as deserts 

(Brain & Bohrmann 1992).  

Traditionally, it is believed that ticks flourish predominantly in primary forests, a 

notion supported by recent empirical evidence (Lamattina et al. 2018). However, the influx of 

exotic tick species, facilitated by global changes in the environment caused by the ongoing 
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climate change (Léger et al. 2013; Lee & Chung 2023), urbanization (Diuk-Wasser et al. 2020), 

landscape fragmentation (Froeschke et al. 2013) and change of migratory patterns of birds 

(Butler 2003; Matthysen et al. 2011), has shifted the focus also toward urban, periurban and 

agricultural areas as equally suitable environments for native and non-native tick species. As 

temperature and precipitation patterns fluctuate, we are observing concurrent shifts in tick 

behavior, survival, and maturation (Gilbert 2021; Voyiatzaki et al. 2022). An illustrative case 

involves the I. ricinus tick whose typical active period spans from March to October. However, 

a noteworthy change was observed when these ticks started questing even in winter, 

extending from early November to early March (Gray 2008; Gray et al. 2009). The rise in 

average temperatures has led to escalated metabolic rates, expanded questing durations, 

and increased opportunities for suitable host encounter, resulting in apparent reductions in 

the duration of tick development, decreased mortality rates, and heightened rates of host 

exploitation (Ogden et al. 2004, 2021).  

The adaptive ability of ticks to inhabit a broad spectrum of habitats contributes to 

their global distribution, with certain species spanning multiple countries and even 

continents. Genera like Ixodes, Haemaphysalis, and Amblyomma are present in all six 

zoogeographical regions (Afrotropical, Neotropical, Oriental, Australasian, Nearctic and 

Palearctic), where the Ixodes genus boasts the most extensive geographical range. Among its 

species, 32 (accounting for 13%) are found in multiple zoogeographic regions (Guglielmone 

et al. 2014).  Other genera are restricted to specific regions, such as Anomalohimalaya in the 

Palearctic, Nuttalliella namaqua in southern Africa (Mans et al. 2011), or Nosomma in the 

Oriental region (Dantas-Torres & Otranto 2022).  

 

2.7 Prevention and management 
 

Dealing with TTBDs is quite a challenging task, involving various connected factors that need 

careful attention. Because of the close ecological links between ticks, their hosts, and the 

environment, it's important to grasp how these variables interact. Our team has taken a close 

look at this problematic in connection with the widely prevalent I. ricinus tick and created an 

in-depth review article which is presented on pages 12-31 of this thesis.   
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3. PUBLICATIONS 
 

This dissertation thesis is founded on a compilation of scientific writings, encompassing two 

scientific review articles, two original research articles, and one original research manuscript 

currently undergoing revision for publication in a scientific journal. All of the published 

pieces have been featured in international, peer-reviewed scientific journals with impact 

factors within the Q1 or Q2 categories of journal rankings in the given field of research. The 

individual texts have been arranged, both chronologically and thematically, into distinct 

chapters presented on the following pages, ensuring a coherent presentation. 

 

 

ά¢ƘŜ ǊƻŀŘ ǘƻ ǘƛŎƪ ŎƻƭƭŜŎǘƛƻƴέ, Milovice natural reserve (photo by Johana Alaverdyan)  
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CHAPTER 1 ς Management Options for Ixodes ricinus-

Associated Pathogens: A Review of Prevention Strategies 
 

 

 

Looking for ticks in an animal enclosure at Common Eland Research Facilities (photo by Silvie 

Neradilová) 
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