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Abstract: 

This doctoral thesis focused on several still poorly understood aspects of the ecology of the 

Eurasian lynx (Lynx lynx), a protected European large carnivore which is still threatened with 

extinction in most of Central Europe. With the help of new generation GPS collars with dual-

axis acceleration sensors, the Eurasian lynx was monitored in the Bohemian Forest (located 

across the border between the Czech Republic and Germany), discontinuously from 2005 to 

2008 and intensively from 2009 to 2012. The study area included a large system of 

neighbouring protected areas and their closest surroundings, including a mosaic of habitats, 

human-modified to different extents. We focused on (1) the fine-scale habitat requirements of 

the lynx, with regard to the habitat used by the main prey of the lynx, the roe deer (Capreolus 

capreolus) and the red deer (Cervus elaphus); (2) the daily and seasonal activity rhythms of 

the lynx and the factors affecting such rhythms, with particular regard to the influence of the 

availability of a large killed prey; (3-4) the potential influence of recreational activities on 

resting and feeding lynx; (5) the potential effects of the winter red deer management system 

on the spatial distribution and hunting activity by lynx. Our results indicated that habitat 

characteristics providing a good level of habitat heterogeneity likely favour lynx when 

hunting large prey, independently of the habitat usage by the prey, and that the presence of an 

available killed prey (that can be consumed for more than one night) causes a decrease both 

in the duration and in the strength of lynx activity, which were otherwise influenced also by 

time of the day and ambient temperature. Finally, regarding potential effects of human 

activities, we found that high levels of recreational activities had a negative influence both on 

the time spent feeding at a large killed prey by the lynx and on the probability for a given 

area to be chosen as daytime resting site. No clear effect of the winter red deer management 

system could be identified. This new information can be used to improve management 

strategies for the lynx under nowadays’ Central European conditions, which implies 

maintaining the best possible habitat conditions inside the relatively small-sized European 

protected areas and at the same time putting efforts into the preservation of those habitat 

features that enhance the survival of lynx also in non-optimal human-modified habitats. 

Keywords:  

Eurasian lynx · microhabitat requirements · activity patterns · recreational activities · winter 

game management 



 

Anotace: 

Tato dizertační práce se zaměřila na několik aspektů ekologie rysa ostrovida (Lynx lynx), 

který je chráněným druhem patřícím mezi velké evropské šelmy a je dodnes ohrožen 

vyhubením ve většině středoevropských státu. Konkrétně byla cílem této práce snaha objasnit 

několik aspektů ekologie tohoto druhu, které jsou doposud málo prozkoumány. Pomocí GPS 

-obojku nové generace (se senzory s dvojosým zrychlením) byl rys ostrovid monitorován 

na české i německé straně Šumavy, nesouvisle od roku 2005 do roku 2008 a intenzivně mezi 

roky 2009 až 2012. Studijní území zahrnovalo široký systém sousedících chráněných území 

a jejich blízké okolí, tvořící mozaiku různých habitatů, v různé míře modifikovaných 

člověkem. Zkoumali jsme (1) habitatové nároky rysa na podrobném měřítku, také s ohledem 

na charakteristiky habitatu, kde se nacházely hlavní kořisti rysa, tj. srnec obecný (Capreolus 

capreolus) a jelen lesní (Cervus elaphus); (2) denní a sezónní rytmy aktivity rysa a faktory 

ovlivňující tyto rytmy, se speciálním ohledem na vliv dostupnosti velké ulovené kořisti; 

(3-4) potenciální vliv rekreačních aktivit na rysa při odpočinku, lovu a konzumování kořisti; 

(5) potenciální vliv systému zimního managementu jelena lesního (přezimovací obůrky) 

na prostorovou distribuci a loveckou aktivitu rysa. Naše výsledky ukázaly, 

že (a) charakteristiky habitatu spojené s dobrou úrovní jeho heterogenity jsou prospěšné 

rysům při lovu velké kořisti, bez ohledu na použití habitatu ze strany kořisti a že (b) 

dostupnost velké ulovené kořisti (která poskytne potravu na více jak jednu noc) působí 

pokles délky trvání a síly aktivity rysa, které jsou také ovlivněny denní hodinou a teplotou 

prostředí. Dále jsme ohledně potenciálních vlivů lidských aktivit zjistili, že (c) vysoká 

intenzita rekreačních aktivit má negativní vliv jak na délku doby, co rys tráví pojídáním 

kořisti tak na pravděpodobnost, že daná oblast bude vybrána jako denní odpočinkové místo. 

Naopak, (d) žádný jednoznačný vliv nebyl identifikován v případě systému zimního 

managementu jelena lesního. Tyto nové informace mohou být aplikovány pro vylepšení 

strategie ochrany rysa v dnešních středoevropských podmínkách, což vyžaduje udržování 

nejlepších možných habitatových podmínek ve všech relativně malých evropských 

chráněných územích a zároveň zvýšení snahy o zachování habitatových struktur, které 

přispívají k přežití rysa i v méně optimálních, člověkem modifikovaných habitatech. 

Klíčová slova: 

Rys ostrovid · mikrohabitatové nároky · vzory aktivity · rekreační aktivity · zimní 

management zvěře  
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1. Introduction 

In most European countries, large carnivores were actively persecuted in the past 

centuries, mainly because they were seen as a danger for human economical activities (e.g. 

farming) and for humans themselves (be it right or wrong; e.g. Breitenmoser 1998, 

Røskaft et al. 2003, Inskip & Zimmermann 2009), or as undesired competitors by human 

hunters (e.g. Heurich et al. 2011). 

Since the 1950s, people’s attitude towards wolf (Canis lupus), Eurasian lynx (Lynx 

lynx) or brown bear (Ursus arctos) began to change and more favorable legislations were 

adopted in most of European countries (e.g. Linnell et al. 2001a). As the conservation 

value of these species and their fundamental role in ensuring the proper functioning of 

their ecosystems became clearer (e.g. Miller et al. 2001), several central European 

countries undertook substantial efforts to favour the return of these species at least to those 

areas that were still considered to be suitable. In some Central European areas, this was 

achieved through reintroduction plans (Kaczensky et al. 2012). 

Nonetheless, dealing with the conservation of large carnivores in nowadays’ 

Europe is certainly complicated, as it means dealing with the possibilities of coexistence 

between man and potentially problematic species with massive spatial requirements (e.g. 

Dale & Swenson 2003, Rozylowicz et al. 2010, Mattisson et al. 2013), often reintroduced 

or immigrated in areas where environmental conditions are quite different from those of 

the original, natural habitats in which these animals used to occur (Basille et al. 2009). 

Fortunately, these animals still demonstrated a certain degree of tolerance 

to human presence: they seem able to permanently occupy areas with low degree 

of urbanization and, under certain conditions, to survive even in densely inhabited areas 

(e.g. Linnell et al. 2001a). This is quite an encouraging finding, as the size of European 

protected areas is generally too small to sustain a viable large carnivore population (e.g. 

Linnell et al. 2001b, Breitenmoser et al. 2005) and thus the long-term conservation of 

these species can only be achieved if at least the basic conditions for their survival are 

ensured also outside such small good-quality habitat patches. 

In order to maintain optimal conditions for these species inside protected areas and 

make their survival possible also outside national parks and natural reserves, it is 

fundamental to improve our knowledge about different aspects of large carnivores’ 

ecology, which is often quite difficult due to these animals’ elusiveness and generally low 

population densities. 
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In particular, more detailed information are definitely required about these species’ 

activity rhythms and habitat requirements under different conditions. Furthermore, it is 

fundamental to investigate the extent to which these predators are sensitive to different 

human activities, which to date are still able to negatively influence their survival in 

several ways, both directly and indirectly and often independently of people’s intentions. 

Fortunately, during the last two decades there have been strong improvements in the 

available technologies, which allow the collection of a larger amount of more precise data 

(e.g. Löttker et al. 2009) that can be used to better investigate these matters.  

In the case of activity rhythms, the currently available basic information mainly 

comes from radiotelemetry studies (e.g. Bernhart 1990, Reinhardt & Halle 1999, Schmidt 

1999, Theuerkauf et al. 2003a, Kaczensky et al. 2006). Nonetheless, such studies often 

focused only on certain aspects of large carnivores’ activity (mostly focusing on 

movements). Reliable information about an animal’s circadian and seasonal patterns of 

activity is required not only to improve theoretical knowledge, but also to understand, in 

practice, during which time periods an animal tends to be more sensitive to disturbance 

and which factors can have an influence on that animal’s activity. In fact, several studies 

indicate that even the same animal may react differently to the same disturbance stimulus, 

depending on the activity the animal is performing (e.g. Knight & Gutzwiller 1995). 

Regarding habitat requirements, in the last decades several studies have been 

carried out aiming to characterize suitable areas for large carnivores and determine how 

much space is actually still available for these species (e.g. Schadt et al. 2002, Huck et al. 

2010). Such studies generally used data collected extensively within large regions and 

rather focused on habitat selection at a large spatial scale. Nonetheless, it is demonstrated 

that even habitat selection by the same animal species can vary according to the spatial 

scale considered (reviewed in Bowyer & Kie 2006) and the activity an animal is 

performing (Podgorski et al. 2008). Therefore, in order to properly identify all the habitat 

requirements by a species, it is necessary to sample at different scales and focusing on 

different behaviours. In the case of large carnivores, it is likely fundamental to consider (a) 

hunting behaviour and the choice of hunting areas; (b) resting behaviour and the choice 

of daytime resting sites (likely more important for felids than for canids); (c) reproductive 

behaviour and the choice of denning sites (this aspect being with no doubt the most 

difficult to investigate, due to the extreme difficulty of collecting a sufficient amount of 

data). Furthermore, in order to fully understand the mechanisms underlying the choice 
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of hunting areas, it is also important to investigate the potential role of habitat usage 

by the prey species (as suggested by Krofel et al. 2007). 

Regarding possible effects of human activities, a good number of studies already 

analyzed the influence of hunting, poaching (e.g. Jędrzejewska et al. 1996, Andrén et al. 

2006) and habitat fragmentation (resulting from the presence of large urbanized areas or 

linear structures such as highways and main roads –e.g. Huck et al. 2010), i.e. those 

activities whose negative impacts on the survival of large carnivores are widely 

recognized. Furthermore, in the last decades an increasing number of studies on several 

different animal species (e.g. Fernández-Juricic & Telleria, reviewed in Frid & Dill 2002, 

Taylor & Knight 2003, Amo et al. 2006, Arlettaz et al. 2007, Thiel et al.  2008) have 

focused on the possible effects of ‘nonlethal disturbance stimuli’ and indicated that even 

human presence in the form of tourism and recreational activities can produce the same 

effect as predation risk on an animal’s fitness: inducing an (unnecessary) antipredator 

response, they divert time from other activities (e.g. feeding) and therefore may also 

negatively affect the survival of sensitive species. To date, not much information is known 

about the potential influence of human recreational activities on large carnivores (e.g. 

Creel et al. 2002). Nonetheless, these activities have been recognized among the main 

causes of decline of endangered species in the United States (Czech 2000, Taylor & 

Knight 2003). Because such activities are generally also the prevailing form of human 

presence in protected areas, their potential effect on large predators should be clarified. In 

fact, although the surfaces of European protected areas alone are surely not sufficiently 

large to ensure the long term survival of large carnivore populations, they still should 

represent small patches of optimal habitat that are of fundamental importance for these 

species’ conservation.  

Finally, another kind of human activity that can likely influence large predators’ 

behavior and fitness is the hunting and management of other wild animal species that are 

included in the prey spectrum of large carnivores. Game management can have both direct 

effects, reducing the availability of food (e.g. Hothorn & Muller 2010), and an indirect 

effect, leading to changes in local prey densities and distribution (e.g. Jędrzejewski et al. 

2006). In spite of this, potential reactions by predators to game management have to date 

received little attention. 

The Eurasian lynx (hereafter also referred to as: “lynx”) is the smallest of the three 

mentioned European large carnivores and mainly preys upon small ungulates (most often 

roe deer Capreolus capreolus). The temporal changes in lynx distribution throughout 
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Europe mirror the general pattern described above for all three large predator species: 

once widespread in most of European countries, between the 19th and the 20th century 

nearly all lynx populations inhabiting Western and Central Europe went almost or totally 

extinct. Nowadays, the majority of lynx populations in Central Europe are the result of 

reintroductions that took place in the 1970s and 1980s (Dinaric, Alpine, Jura, Vosges-

Palatinian and Bohemian-Bavarian populations, Kaczensky et al. 2012) and they are 

small, relatively or completely isolated and thus still endangered with extinction 

(Breitenmoser et al. 2000, Kaczensky et al. 2012). Clearly, further research is needed in 

order to develop better conservation strategies for this felid under Central European 

conditions. 

The Bohemian Forest ecosystem is located across the border between the Czech 

Republic, Germany and Austria and it hosts the reintroduced “Bohemian-Bavarian lynx 

population”. The whole population is estimated to count about 40-60 lynx individuals 

(Kaczensky et al. 2012) and in the last decade it has been considered to be stable or 

slightly decreasing (Kaczensky et al. 2012). This area is one of the largest forest 

continuum remaining in Central Europe and it includes a system of quite large protected 

areas, surrounded by a mosaic of landscapes, that were human-modified to different 

extents. Lynx regularly occur not only in the Bohemian-Bavarian protected areas, but also 

in their surroundings and during the last two decades both lynx and its main prey species, 

the roe deer and the red deer (Cervus elaphus), were more or less regularly monitored in 

the whole area. For all these reasons, the Bohemian-Bavarian forest ecosystem represent 

an ideal “model area” for Central Europe where to obtain better information about several 

aspects of lynx ecology that are still poorly understood. 

In particular, this four-year research project aimed to confirm and complete the 

information about lynx microhabitat requirements that are reported in the only two 

published studies dealing with this matter (i.e. Krofel et al. 2007 –only descriptive study- 

and Podgorski et al. 2008), also taking into consideration the potential effects of 

microhabitat used by the main prey of the lynx. Furthermore, we collected the first 

information about potential effects of touristic activity on the behavior of the lynx and on 

important aspects of this species’ ecology, such as feeding and resting. To our knowledge, 

no research was carried out till present time on this matter. Finally, we also attempted to 

evaluate the potential effect of a particular type of ungulate management, the red deer 

winter feeding enclosure system, on the space usage and on the hunting activity of the 

lynx. 
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In the next two chapters, a detailed review of the actual knowledge on these 

matters is reported and the main questions of interest that were taken into consideration in 

this study are presented. 
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2. Literature review 

2.1 Large carnivores in nowadays’ Central Europe: habitat selection and 
coexistence with humans 

Since the 1950s, after almost two centuries of dramatic declines and extinctions, 

the populations of large carnivores are slowly recovering in several European countries 

(Linnell et al. 2001a, Linnell et al. 2005, see Table 1). This has been achieved by a change 

in people´s attitude towards these species and by the consequent adoption of favorable 

legislation, as a result of both spontaneous expansion and reintroduction programs 

(Boitani 2000, Breitenmoser et al. 2000, Swenson et al. 2000, Kaczensky et al. 2012). 

Table 1. Present trends in large carnivore populations in European countries in relation to present human 

population density. P? = reproducing population present but trend is uncertain; T = only transient individuals 

present; E = extinct; NP = never present. Human population densities are for the year 2000 (US Census Bureau). 

Carnivore population trends are indicated by arrow symbols (up-pointing arrow = increasing, horizontal arrow = 

stable, down-pointing = decreasing). Source: Linnell et al. 2001a. 

 

At least in Central Europe, nonetheless, only few areas can be still considered “natural” or 

“semi-natural” and most of the areas to which bear, Eurasian lynx and wolf are returning 
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include human-modified habitats, which can be quite different from their original habitats 

(Basille et al. 2009). 

Therefore, in order to enhance the probability of long-term survival for such species 

in Central European countries, it is likely fundamental to improve our knowledge of: 

1-  the habitat requirements of these species, in particular focusing on habitat 

characteristics that may allow a species survival even in certain non-optimal, 

human-modified habitats (e.g. Linnell et al. 2001a) 

2-  their ability to coexist with man (Breitenmoser et al. 2000, Boitani 2000, Basille et 

al. 2009, Inskip & Zimmermann 2009), keeping into consideration that different 

human activities may have different effects on the same species (e.g. Bunnefeld et 

al. 2006) and the same type of human activity can be differently tolerated by 

different species (e.g. Tayor & Knight 2003). 

 

2.2 Studying a species’ habitat requirements 

2.2.1 The importance of scale 

All the three species of European large carnivores are territorial and are 

characterized by huge spatial requirements (up to several hundreds of square kilometers, 

e.g. Linnell et al. 2001b, Dahle & Swenson 2003, Rozylowicz et al. 2010, Mattisson et al. 

2013) This means that, at least in Central Europe, viable populations of these species 

cannot be hosted exclusively inside the relatively small patches of optimal natural and 

semi-natural habitat (mainly included in protected areas). Fortunately, under certain 

conditions these animals demonstrated to be able to permanently use also sub-optimal 

habitats (Linnell et al. 2001a). 

At a large scale level, several studies have focused on habitat suitability for large 

carnivores, in order to identify potential suitable areas for their survival (e.g. Kusak & 

Huber 1998, Schadt et al. 2002, Jędrzejewski et al. 2008) and potential migratory corridors 

which may connect one population to the other (e.g. Kramer-Schadt et al. 2004, Huck et 

al. 2010, Romportl et al. 2010). According to these studies, at a large scale, suitable 

habitats should be characterized by a good prey density, a good level of forest cover and a 

low density of roads, human settlements and/or agricultural areas (e.g. Kussak & Huber 

1998, Niedzialkowska et al. 2006, Basille et al. 2008, Jędrzejewski et al. 2008, Basille et 

al. 2009). 
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Nonetheless, there are several studies that show that investigating habitat selection 

only at a large-scale can mask the importance of small-scale differences in habitat 

(e.g. Bowyer et al. 1999, reviewed in Bowyer & Kie 2006, Panzacchi et al. 2009) and thus 

lead to wrong management decisions. In fact, as suggested by the concept of hierarchical 

selection (Johnson 1980), the same animal species may select certain habitat features at 

one spatial scale and avoid them at another scale (Rachlow & Bowyer 1998, reviewed in 

Bowyer & Kie 2006), thus for a better understanding of a species’ habitat requirements it 

may be necessary to sample at different scales (Bowyer & Kie 2006). In addition, the 

presence of certain microhabitat features could benefit a certain species even in non-

optimal macrohabitat conditions, potentially improving the suitability of “minor quality” 

habitats (e.g. contributing to the creation of a kind of “refuges”, as suggested in some 

studies – e.g. Knight & Gutzwiller 1995, Sunde et al. 1998). In order to complete GIS-

based , large-scale habitat suitability models with information on potentially important 

microhabitat structures that can improve such habitat suitability, in general, direct field 

work is required, as those environmental features are generally not ascertainable through 

the geographic or topographic baseline data available in GIS (Boutros et al. 2007). 

2.2.2 Habitat selection by a species may change depending on the type of activity 

Particularly when focusing on a fine-scale habitat selection, it is important to 

remark that the same animal species may also have different habitat requirements 

according to the activity it is performing (e.g. Zollner et al. 2000, Adrados et al. 2008, 

Podgorski et al. 2008). Therefore, it is fundamental to determine which habitat 

characteristics an animal seeks for while performing the activities that are most important 

for its survival.  

In the case of large carnivores, in order to adopt the best conservation measures, 

it is necessary to consider the habitat characteristics that: 

1- improve the animal hunting success 

2- are linked to the presence of suitable resting sites 

3- make an area suitable as a den site. 

In particular, hunting success is considered as one of the most important factors 

determining the fitness of carnivores (Pyke et al. 1997, Sunde & Kvam 1997, Melville et 

al. 2004) and is dependent upon several factors, likely including the quality of foraging 

habitat (Krofel et al. 2007). 
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The choice of the most suitable hunting areas can be driven both by prey 

abundance (“prey-abundance hypothesis” – Hopcraft et al. 2005) and landscape attributes 

influencing prey catchability (“landscape hypothesis” –Hopcraft et al. 2005). In the 

literature there are several studies supporting the first (e.g. Litvaitis et al. 1986, Murray et 

al. 1994, Palomares et al. 2001, Spong 2002, Keim et al. 2011) and the second hypothesis 

(e.g. Hebblewhite et al. 2005, Hopcraft et al. 2005, Balme et al. 2007, Fuller et al. 2007, 

Maletzke et al. 2008). 

This indicates that the ideal strategy is a combination of these two factors and that 

their relative importance depends on the species, the environmental conditions (Fuller et 

al. 2007) and the spatial scale considered (Bowyer & Kie 2006, Panzacchi et al. 2009). 

Characteristics of the microhabitat are likely to be more important in the case 

of stalking predators (most felids) than of coursing predators, such as canids (Husseman et 

al. 2003). In the last decade, several studies have dealt with microhabitat selection of 

hunting areas by large felids, including all species belonging to the genus Lynx (Lynx 

pardinus, Palomares 2001; Lynx rufus, Kolowski & Woolf 2002; Lynx canadensis, 

Maletzke et al. 2008 and Lynx lynx, Podgorski et al. 2008). 

Furthermore, as the distribution of food likely influences habitat selection (e.g. 

Dexter 1998, Prange et al. 2004, Prokešová et al. 2006, Szor et al. 2008) and in the case of 

predators “food” is represented by other living animals, habitat choices by large carnivores 

likely cannot be fully understood without taking into account also habitat choices by their 

prey (discussed by Krofel et al. 2007, Basille et al. 2009). This aspect has nonetheless 

received little attention to date. 

Another very important biological function is resting, which especially in felids is 

likely to affect habitat use (Kolowski & Woolf 2002). In fact, as these carnivores 

generally spend a large part of the day inactive, habitat features that create favorable 

conditions for resting may play an important role in the individual’s security and the 

access to suitable locations may even be subject to intra-specific competition (Podgorski 

et al. 2008). In literature, decreasing population density resulting from limited numbers of 

sites suitable for resting has been observed for some mustelids (Mustelidae) (Beja 1996, 

Halliwell & Macdonald 1996, Fournier et al. 2007). 

On the other hand, according to the results of a study on wolves (Theuerkauf et al. 

2003b), canids did not seem to be much selective when choosing resting sites. In fact, 

Theuerkauf et al. (2003b) found that the location of wolves’ resting sites were not affected 
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by the presence of villages, forest edges and intensively used roads (although it must be 

remarked that this study was based on a relatively low number of observation). 

Finally, the availability of suitable areas for reproduction and for rearing cubs is 

likely one of the key factors that make a habitat suitable for carnivore species (e.g. 

Laurenson 1993, Fernandez & Palomares 2000). The choice of den sites that enhance cub 

survival is likely fundamental, especially in species with low reproductive rates and high 

cub mortality (e.g. Jędrzejewski et al. 1996, Fernandez & Palomares 2000, but see Boutros 

et al. 2007). In order to improve cub chances of survival, carnivore dens should have 

adequate structural characteristics to fulfill at least two functions: providing refuge against 

predators (including people), and microclimatic stability and shelter against harsh weather 

conditions (Hellgren & Vaughan 1989, Laurenson 1994, Magoun & Copeland 1998, 

Fernandez & Palomares 2000). Unfortunately, given the low population densities, the 

small estimated number of individuals in a population and the low reproductive rates that 

characterize large carnivores, a good number of data on the habitat characteristics of den 

sites for such species is much more difficult to obtain compared to data about daytime 

resting sites or killed prey locations (e.g. Theuerkauf et al. 2003b, Boutros et al. 2007). 

Despite this, there are several studies reporting minimally useful general descriptions of 

the characteristics of den sites for several large carnivores species (e.g. wolves -

Theuerkauf et al. 2003b; brown bear, black bear Ursus americanus, polar bear U. 

maritimus –Oli et al. 1997, reviewed in Linnell et al. 2000; Iberian lynx Lynx pardinus -

Fernandez & Palomares 2000; Eurasian lynx –Boutros et al. 2007). Among these studies, 

those focusing on species living in Europe suggested that, in several cases, animals were 

selective regarding the type of natural structures to be used as dens, but their preferences 

concerning the habitat features in the closest surroundings of the denning sites were not so 

evident (e.g. Fernandez & Palomares 2000, Linnell et al. 2000, Theuerkauf et al. 2003b, 

Boutros et al. 2007). Nonetheless, Fernandez & Palomares (2000) concluded that 

preserving habitats that are rich in the preferred natural breeding structures is important 

for the conservation of the endangered Iberian lynx. 

Regarding man-influenced habitats, a tendency to avoid the areas located at short 

distances to roads, human settlements or industrial activity is reported for bear species by 

Linnell et al. (2000). Furthermore, Theuerkauf et al. (2003b) found that the suitability of 

an area for pup raising by wolves in Poland depended mainly on the spatial distribution of 

forest, human settlements, and public roads. 
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2.2.3 The role of cover 

As remarked by Adrados et al. (2008), important components of habitat quality for 

an animal include protection from disturbance (Jeppesen 1987, Strohmeyer et al. 1999), 

predation by natural predators or by humans (Alldredge et al. 1991, Linnell et al. 1999) 

and thermal protection through the use of cover and/or favourable aspect. 

In particular, cover is a habitat features whose characteristics likely influence 

several aspects of the biology of different animal species, including large carnivores (e.g. 

discussed by Krofel et al. 2007) and ungulate species (Mysterud & Østbye 1999) which 

represent their mai prey. Therefore, habitat features linked to cover should be taken into 

consideration in fine-scale habitat studies. 

First of all, it is important to distinguish between structural cover (i.e. any tangible 

element in the habitat which conceals, shelters or protect, generally vegetation or 

topography, see Table 2 – Mysterud & Østbye 1999) from non-structural cover (i.e. 

intangible elements which veils or conceals, such as darkness or fog, see Table 2 – 

Mysterud & Østbye 1999). Although also non-structural cover can likely play a role in 

several situations (reviewed in Mysterud & Østbye 1999), it is much more difficult to be 

taken into consideration especially in studies that are not based on direct observations of 

the species studied (i.e., most of studies on wildlife). Therefore, generally, habitat 

selection studies focus on structural cover.  

In addition, it is necessary to further distinguish between  two completely different 

types of cover: canopy cover (vertical cover, “cover above animals”) and ground cover 

(horizontal cover, defined as “what hides an animal viewed from ground positions”) (e.g. 

Henry 1981, Peek et al. 1982, reviewed in Mysterud & Østbye 1999).  

Canopy cover is nearly always represented by vegetation and it can be measured 

by several techniques. In general, remote sensing is preferred at large scales (e.g. McGraw 

et al. 1998, reviewed in Mysterud & Østbye 1999), while at finer scales a useful 

instrument is the densiometer (Lemmon 1956, 1957). As summarized in Table 2 

(Mysterud & Østbye 1999), a high degree of canopy cover can provide protection against 

extreme temperatures, solar radiation and wind, whereas little canopy cover is often linked 

with better quality food, at least in the case of herbivores (e.g. Schmitz 1991, reviewed in 

Mysterud & Østbye 1999). Consequently, an heterogeneous level of cover might indicate 

that an animal has access to both resources in the same habitat (reviewed in Mysterud & 

Østbye 1999). 
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Table 2: Classification of cover as reviewed in Mysterud & Østbye 1999. There is no direct relationship between 

the first and the second column. Source: Mysterud & Østbye 1999. 

 

Ground cover can be represented by both vegetation and topography (e.g. 

Dasmann 1971) and it is generally measured at a fine-scale (e.g. in microhabitat studies). 

Devices to measure ground cover include density boards, cover boards and cover poles 

(Griffith & Youthie 1988, reviewed in Mysterud & Østbye 1999, Pierce et al. 2004, 

Ratikainen et al. 2007, Belotti et al. 2010). 

Cover characteristics can influence microclimate, predation risk (perceived and 

real), snow cover and structure (reviewed in Mysterud & Østbye 1999), which can in turn 

affect habitat selection of both herbivores and carnivores species. Furthermore, in the case 

of herbivores, cover characteristics can also have an effect on food quality and quantity 

(reviewed in Mysterud & Østbye 1999). 

Therefore, large carnivores can be influenced by different levels of cover both 

directly, through changes in the suitability of habitats for resting, denning or hunting (e.g. 

Sunde et al. 1998, Podgorski et al. 2008) and indirectly, through the several effects of 

variations in the levels of cover that affect the biology of main prey species (generally 

ungulate). In particular, in the case of deer species, there are studies demonstrating that the 

level of cover can influence grouping tendencies (e.g. Lagory 1986), vigilance behavior 

(Goldsmith 1990), alarm and flight responses (e.g. Lagory 1987) and circadian activity 

rhythms (Andersen 1989). 
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Regarding the effect of cover on predation risk for deer species, several studies 

attributed an “antipredatory effect” to high levels of cover (e.g. reviewed in Mysterud & 

Østbye 1999, Creel et al. 2005), which may work by (a) reducing chance of detection 

and/or (b) obstructing attack. Nonetheless, this mechanism may strongly depend also on 

the characteristics of the predator species. Indeed, what stated above may be valid in the 

case of coursing predators (e.g. wolves, Mao et al. 2005), while the situation may be 

completely different when prey have to deal with stalking predators (i.e. most of felids). In 

fact, as the hunting behaviour of such predators usually involves stalking or ambushing 

their prey, good levels of cover might rather have important role in their hunting success, 

as argued by some authors (Sunquist & Sunquist 1989, Branch 1995, Funston et al. 2001). 

In fact, these predators may use cover to sneak in on their prey (e.g. Underwood 1982, 

Moreno et al. 1996) and cover may also have the effect to obstruct the flight of prey (e.g. 

Lima 1992, reviewed in Mysterud & Østbye 1999). Accordingly, Underwood (1982) 

found that African antelopes increased vigilance when foraging in areas of low visibility. 

Finally, in the case of hunting activity by stalking predators, it is worth mentioning that 

the potentially important factor is likely a good level of ground cover rather than canopy 

cover. In fact, Podgorski et al. (2008) found that, in Poland, Eurasian lynx killed its prey at 

sites with lower tree density (i.e. likely lower canopy cover), but with a higher number of 

structures useful for stalking and with lower visibility (i.e. higher ground cover) than at 

randomly chosen comparative sites. 

2.2.4 The role of habitat heterogeneity 

As already mentioned in the previous section of this chapter, a good level of 

habitat heterogeneity in terms of “presence in the same area of contrasting habitat 

characteristics” may be desirable at all spatial scales because different habitat features may 

be required to fulfill a species’ need (e.g. Thomas et al. 1979, Lang & Gates 1985, Tufto 

et al. 1996, Law & Dickman 1998).  

It is nonetheless worth pointing out that “habitat heterogeneity” should not be 

confounded with “habitat fragmentation” and loss of optimal habitat to low-quality, highly 

human-modified habitat (e.g. Gorini et al. 2012). To avoid misunderstandings, especially 

when focusing on a large spatial scale, habitat heterogeneity should be evaluated 

considering at once the “number of different habitat patches in an area” and the quality of 

such habitats (e.g. Ritchie et al. 2009). 
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A habitat structure which surely well represents heterogeneity at a medium-scale 

level are ecotones (i.e. stratified borders between forest areas and meadows, where 

generally a stripe of shrubs make the transition between the two habitat types more 

gradual) and, more in general, habitat edges. A preference for habitat edges have been 

documented for roe deer (during summer, Tufto et al. 1996) and for small-sized carnivores 

(all year long, Andren 1995, Dijak & Thompson 2000, Johnson 2001) but also for bobcats 

(Lynx rufus, Constible et al. 2006). In the case of stalking predators, the observed 

preference for edges (e.g. Poole et al. 1996, Dickson & Beier 2002) could be expected 

considering that “habitat edges have maximum exposure to flows from adjacent patches 

and are the ideal location to gain access to spatially separate resources” (Ries et al. 2004). 

Therefore, using edges, such predators could benefit from both good hiding places and 

open areas useful for quick movements. 

Generally, at a medium to fine spatial scale, natural forests are characterized by 

higher levels of habitat heterogeneity than logged, commercial forests (e.g. Hamer et al. 

2003, Podgorski et al. 2008). However, adequate levels of habitat heterogeneity can also 

be maintained by human activities, for example through targeted types of forest and 

secondary forestless areas management strategies (e.g. Ritchie et al. 2009). 

 

2.3 Studying a species’ activity patterns 

Information about animals’ large- and fine-scale habitat requirements would not be 

completed without the corresponding indication about “what an animal was doing” at 

locations with given habitat characteristics (e.g. Ungar et al. 2005). Most free-living 

animals are characterized by typically alternating periods of rest and of activity (Nielsen 

1984) which can be represented by circadian and yearly activity patterns. A better 

knowledge of such patterns is first of all fundamental for a proper understanding of a 

species’ ecology. Furthermore, such detailed knowledge allows the identification of shifts 

in the typical pattern of activity and of the main factors responsible for such shifts, which 

for example is fundamental in order to choose the most efficient mitigation measures for 

disturbance (e.g. Stockwell et al. 1991). 

Although data on activity patterns of large carnivores are quite difficult to obtain, 

due to these species’ elusiveness, some studies already described at least the general 

patterns of activity of Eurasian lynx (e.g. Reinhardt & Halle 1999, Schmidt 1999), wolves 

(e.g. Theuerkauf et al. 2003a) and brown bears (e.g. Kaczensky et al. 2006). These studies 

focused on the movement of animals and they pointed out that all three species were 
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mainly active at night and at twilight. In particular, Eurasian lynx, like most of felids, 

spent a large part of daytime inactive (Schmidt 1999). 

According to other studies, activity of carnivore species can be influenced by many 

factors, including the sex and reproductive status of a given individual (Schmidt 1999, 

Kolbe & Squires 2007), environmental factors such as temperature (Beltran & Delibes 

1994), light (Nielsen 1984), season (Manfredi et al. 2011) and availability and activity of 

prey species (Ferguson et al. 1988, Beier et al. 1995). Finally, temporal avoidance of 

human activity also proved to influence the activity of certain large and medium-sized 

carnivore species, such as foxes (Vulpes vulpes; Weber et al. 1994) mountain lions (Felis 

concolor; Van Dyke et al. 1986), black bears (Larivière et al. 1994) and snow leopards 

(Uncia uncia; Wolf & Ale 2009).  

 

2.4 New possibilities for the research: GPS telemetry and activity sensors 

Although the most precise information about the activity and habitat use of an 

animal would be collected by direct observations (Naguib 2006), other methods have to be 

applied in the case of wild, mainly night active, cryptic species occurring at low 

population density (Altmann 1974, Karanth et al. 2010), including all three European large 

carnivore species. 

Until the end of the 1990s, habitat selection and activity studies on cryptic, elusive 

species had to rely mainly on two types of data: 

• Indirect signs of presence such as footprints and faeces (e.g. Saunders 1963, 

Weckerly & Ricca 2000, Špinkytė-Bačkaitienė 2005, Basille et al. 2009, Wolf 

& Ale 2009), which are spatially precise and in certain cases (e.g. when snow is 

on the ground) can give some information on animal behaviour (Mysterud & 

Østbye 1995, D’Eon 2001) , but do not provide information about individuals 

(e.g. gender, age) and time of occurrence; 

• Radiotelemetry data (e.g. Bernhart 1990, Odden & Wegge 2005, Balme et al. 

2007, Schmidt et al. 2009), which give precise information about individuals, 

time of the day and, to a certain extent, activity of the individuals, but are 

inevitably characterized by a certain degree of spatial imprecision (e.g. Rettie & 

McLoughlin 1999), in particular when the species studied is able to walk long 

distances in short time (as in the case of European large carnivores). 

Although these methods provided very useful information on the ecology of 

several species and they can still be used for several purposes, they are not the best choice 
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when the aims are to study habitat selection at a fine-scale level (i.e. high spatial precision 

is required) and to investigate an animal’s activity in a more detailed way, considering all 

its aspects. 

In such cases, nowadays the best choice is probably represented by the more 

recently developed GPS telemetry. The new generation of GPS-collars make use of the 

Global Positioning System (GPS) technology, which offers more precise locations 

(Dussault et al. 1999, Adrados et al. 2002).  

Furthermore, these collars include acceleration sensors, which detect the activity of 

an animal on a finer scale and allow collection of a large amount of data (Löttker et al. 

2009). Gervasi et al. (2006) found good correspondence between sensor-measured and 

observed activity on brown bears. 

 

2.5 Human impact 

2.5.1 How can human activities influence a species’ survival? 

As already mentioned in chapter 1, when planning for species conservation in 

nowadays’ densely inhabited Central Europe, in most cases it is necessary to deal with two 

important factors: the extent to which a given environment has been human-modified and 

the ability of a given species to tolerate people’s presence. This is especially true for 

European large carnivores, due to their already mentioned generally huge home ranges 

(see above, e.g. Linnell et al. 2001b, Mattisson et al. 2013). 

Human activities can negatively affect the survival of large carnivores both in a 

direct and in an indirect way. Among the activities which have a direct effect on these 

species survival, it is necessary to mention: 

• legal hunting or poaching (Jędrzejewska et al. 1996, Andrén et al. 2006), 

which can be linked to mere commercial reasons, to the feeling that a given 

species is dangerous for men (e.g. Inskip & Zimmermann 2009) or to the fact 

that a given species is in direct competition with human hunters for ungulate 

prey (e.g. Heurich et al. 2011, 2012); 

• road intensive usage causing vehicle collisions (Kaczensky et al. 2003, Andrén 

et al. 2006). 

Among human activities whose indirect influence on the survival of large 

carnivores is widely recognized, instead, it is legitimate to include: 
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• forestry activity and road network development, which both lead to habitat 

fragmentation (Theuerkauf et al. 2001, Huck et al. 2010) 

• game management, which influence prey availability and distribution 

(e.g. Putman & Staines 2004, Milner et al. 2007, Hothorn & Müller 2010). 

2.5.2 Human activities that reduce large carnivores’ survival directly and 

intentionally: hunting and poaching 

Nowadays, large carnivore species are fully protected in most of European 

countries, but hunting by humans is considered to be the first cause of mortality in the few 

countries where shooting these animals is permitted by law (e.g. Adamic 1997, Boitani 

2000, Andrén et al. 2006). Also, studies focused on historical data concluded that hunting 

by humans was likely the main factor determining the levels of mortality in large 

carnivores before the implementation of a more favourable legislation (e.g. Jędrzejewski 

et al. 1996, Linnell et al. 2001a). Regarding poaching, as poachers should be persecuted 

by law, almost no official data are available (e.g. Liberg et al. 2012). Thus, it is almost 

impossible to reliably quantify the effects of illegal shooting on the survival rates of large 

carnivores in nowadays’ European countries. Nonetheless, reports from several European 

and extra-European countries include poaching among the most important threats to large 

carnivores’ survival (e.g. Boitani 2000, Červený et al. 2002, Kerley et al. 2002, Andrén et 

al. 2006, Breitenmoser & Breitenmoser-Würsten 2008, Liberg et al. 2012). 

2.5.3 Human activities that can reduce large carnivores’ survival “accidentally”: 

traffic, urbanization and deforestation 

Several studies demonstrated that car accidents are among the most important 

causes of mortality of several large mammals, including large carnivores (e.g. Adamic 

1997, Kerley et al. 2002, Kaczensky et al. 2003, Kramer-Schadt et al. 2004). In particular, 

vehicle collisions seem to play an even stronger role in the mortality of young individuals 

(Andrén et al. 2006). Futhermore, it is also known that strongly urbanized areas and linear 

infrastructrures can represent serious problems for the dispersal of large carnivores (Mech 

et al. 1988, Schadt et al. 2002, Cain et al. 2003, Kaczensky et al. 2003, Kramer-Schadt et 

al. 2004), although it must be remarked that the most important factor influencing an 

animal’s behavior is likely to be the level of human activity on a road and not the presence 

of the road itself (Theuerkauf et al. 2001, 2003c). 
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Finally, a similar “fragmenting effect” has been (correctly) attributed to certain 

ways of forest exploitation (deforestation). Surely, during the last centuries forestry 

activities have contributed in determining extinctions of several large carnivore 

populations in Europe (e.g. Breitenmoser et al. 2000, Linnell et al. 2005). Nonetheless, 

despite a large part of European forest are (and likely will be) still commercially exploited, 

an analysis of the trends in forest cover throughout Europe (e.g. Rudel et al. 2005) is 

showing a general increase in the surface of forested areas. Therefore, for the next future, 

the most important question regarding forestry activities is likely whether (and under 

which management practices) commercial forests can be a valid substitute of natural forest 

habitats. 

2.5.4 Human activities that only recently have been acknowledged as potentially 

affecting large carnivores’ survival 

In spite of all, large carnivores in Europe still show a certain degree of tolerance to 

humans (Linnell et al. 2000, Theuerkauf et al. 2003c, Bunnefeld et al. 2006). Studies have 

shown that they are able to permanently occupy areas with a low degree of urbanization 

(Basille et al. 2008, Basille et al. 2009) and survive, under certain conditions, even in 

areas with high human density (Linnell et al. 2001a).  

On the other hand, in natural and semi-natural areas, generally associated with a 

low human density, there has been a noticeable increase in outdoor activities, especially in 

the last decades (Thiel et al. 2008, Balmford et al. 2009). Concerning the influence of such 

activities, an increasing number of studies (Burger & Gochfeld 1998, Duchesne et al. 

2000, Taylor & Knight 2003, Dyck & Baydack 2004, Thiel et al. 2007) seems to prove 

that the deriving nonlethal disturbance stimuli can produce the same effect as predation 

risk on the fitness of several animal species: they might induce an “antipredator response” 

(Frid & Dill 2002), that can generally have two consequences: 

- a change in the proportion of time animals allocate to different activities 

(generally the time spent vigilant increases, with a cost to feeding and/or 

resting; e.g. Fernández-Juricic & Telleria 2000, Naves et al. 2001); 

- a change in spatial and/or temporal habitat use (in practice resulting in a 

reduced availability of suitable habitat; e.g. Fernández-Juricic & Telleria 2000, 

Naves et al. 2001, George & Crooks 2006). 

These reactions are explainable also by the fact that human hunters have 

represented (or still represent) a real threat for several species, including large carnivores, 
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Figure 1: Distribution of red deer winter enclosures and red deer killed by GPS-collared lynx throughout the 

study area. Areas categorised as “open forest” correspond to the main habitat category n. 3 = regenerating 

forest patches and forests with a rich understory layer. 

 
Figure 2: Box-plot of the estimated “per day predation rates” on red deer for female and male lynx that were 

GPS tracked during the study period. Empty circles indicate the “per day predation rates” for individual 

lynx. 
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Figure 3: Estimated probability (± approx. 95% CI) of predation on red deer per grid cell (200 × 200 m) 

outside vs. inside the winter enclosures. Predictions are based on binary regression corrected for spatial 

autocorrelation of outcomes, as implemented in the GAM framework. 

 

 

Figure 4: Correlation between probability of predation and estimated red deer densities according to (A) the 

binary regression model and (B) the odds ratio model. 
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Figure 5: Estimated probability (± approx. 95% CI) of lynx presence/absence per grid cell (200 × 200 m) 

outside vs. inside the winter enclosures. Predictions are based on binary regression corrected for spatial 

autocorrelation of outcomes, as implemented in the GAM framework. 

 

Figure 6: Relationship between (A) red deer (log transformed) and (B) roe deer density estimates and lynx 

presence/absence during the winter season.  Estimates (± approx. 95% CI) are based on binary regression 

corrected for spatial autocorrelation of outcomes, as implemented in the GAM framework. 
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Table 1. Variables considered in (A) the binary regression models for the probability of predation on red 

deer outside the winter enclosures; and (B) the binary regression models for lynx winter distribution outside 

the winter enclosures. a = log-transformed. 

Variable name Type 
Binary regression models 

Description 

A B 

Presence of lynx Binary 
Explanatory 
variable 

Response 
variable 

Presence/Absence of lynx 
positions from GPS telemetry 
inside each cell. NB: the distinction 
among day/night positions was not 
used for these binary regression 
models. 

Presence of a 
killed red deer 

Binary (see 
details in 
the text) 

Response 
variable 

Not used 
Presence/Absence of red deer 
killed by GPS collared lynx found 
inside each cell. 

Red deer 
density

a 

Numerical 
(0-100) 

Explanatory 
variable 

Explanatory 
variable 

Estimated relative densities of red 
deer inside each cell based on 
modelled data from pellet counting. 
0 = the species was not detected; 
100 = maximum relative density of 
the species for the study area. 

Roe deer 
density

a 

Numerical 
(0-100) 

Explanatory 
variable 

Explanatory 
variable 

Estimated relative densities of roe 
deer inside each cell based on 
modeled data from pellet counting. 
0 = the species was not detected; 
100 = maximum relative density of 
the species for the study area. 

Altitude Numerical 
Explanatory 
variable 

Explanatory 
variable 

Mean altitude within each cell 

Terrain 
ruggedness

a Numerical 
Explanatory 
variable 

Explanatory 
variable 

Standard deviation of the altitude 
within each cell 

Solar radiation Numerical 
Explanatory 
variable 

Explanatory 
variable 

Potential solar radiation, 
expressing overall solar and heat 
conditions of each cell 

Habitat 
heterogeneity

a Numerical 
Explanatory 
variable 

Explanatory 
variable 

Number of habitat types present 
within each cell 

Prevailing 
habitat type 

Categorical 
(5 levels) 

Explanatory 
variable 

Explanatory 
variable 

Prevailing type of habitat inside 
each cell, chosen among the 
following 5 categories (levels of the 
variable): 1- anthropogenic 
surfaces, 2- dense forest, 3- open 
forest and shrubs, 4- meadows 
and pastures, 5- water and 
wetlands 

Distance to 
enclosure 

Numerical 
Explanatory 
variable 

Explanatory 
variable 

Distance (in metres) from the 
centre of each cell to the nearest 
winter enclosure 
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Table 2: Model-averaged parameter estimates and cumulative weights (cw) of predictors from models on 

(A) winter predation of red deer and (B) lynx winter distribution outside the winter enclosures. Variables of 

considerable importance (i.e., cw > 0.8) are in bold. 

 

Table 3: Model-averaged parameter estimates and cumulative weights (cw) of predictors from models on 

habitat composition outside vs. inside the winter enclosures. Variables of considerable importance (i.e., cw > 

0.8) are in bold. 

     Variable Estimate S.E z value p cw 

Intercept -3.991e+01 5.466e+00 7.302 < 0,0001 - 

Solar radiation -2.874e-02 1.282e-02 2.242 0.02498 0.83 
Prevailing habitat type 
(1 vs. 2) -9.341e+01 1.806e+06 0.000 0.99996 0.75 
Prevailing habitat type 
(1  vs. 3) -8.938e-01 4.038e-01 2.213 0.02687 - 

Terrain ruggedness -4.077e-01 2.089e-01 1.952 0.05098 0.70 

Altitude 2.587e-03 2.037e-03 1.270 0.20421 0.47 

Habitat heterogeneity -1.972e-01 3.576e-01 0.551 0.58142 0.30 

 

A- red deer -predation risk B- lynx spatial distribution 

Variable Estimate S.E z value p cw Estimate S.E z value p cw 

Intercept -4.9462 3.2919 1.5020 0.1330 - -5.0600 0.6354 7.963 
< 

0,0001 - 

Altitude -0.0047 0.0021 2.2070 0.0273 0.90 -0.0006 0.0004 1.374 0.1693 0.37 
Solar 
radiation 0.0396 0.0234 1.6890 0.0912 0.65 0.0002 0.0029 0.081 0.9356 0.27 
Terrain 
ruggedness -0.5880 0.3043 1.9320 0.0534 0.73 0.3253 0.0474 6.866 

< 
0,0001 1.00 

Habitat 
Heterogeneity 1.1524 0.5977 1.9280 0.0539 0.67 0.4984 0.0789 6.314 

< 
0,0001 1.00 

red deer 
dens. -0.9341 0.4490 2.0800 0.0375 0.67 0.6051 0.1376 4.398 

< 
0,0001 1.00 

roe deer 
dens. -0.0072 0.0165 0.4320 0.6654 0.33 0.0109 0.0028 3.879 0.0001 1.00 
enclosure 
dist. 0.0000 0.0002 0.2020 0.8402 0.32 -0.0001 0.0000 2.012 0.0442 0.74 
Prevailing 
habitat type 
(1 vs. 2) 0.9320 0.8566 1.0880 0.2766 0.20 0.1197 0.1442 0.830 0.4066 0.57 
Prevailing 
habitat type 
(1  vs. 3) 0.2239 0.4605 0.4860 0.6269 - -0.1428 0.0790 1.807 0.0707 - 
Presence of 
lynx 3.5371 0.5220 6.7760 

< 
0,0001 1.00 - - - - - 
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APPENDIX I: Selection of models for the predation of red deer, lynx presence and habitat variation outside 

vs. inside the winter enclosures (see text for more details). Models were fitted using spatial binary regression 

as described in Bivand et al. (2008). Models were evaluated according to degrees of freedom (D.f.) log 

likelihood (logLik), Akaike information criterion corrected for small sample size (AICc), difference of AICc 

from the best supported model (∆AICc) and model weight (w). Models of w > 0.01 are presented in this 

table. 

Predation of Red Deer D.f. logLik AICc ∆AICc Weight 

Altitude+Solar radiation+terrain 
ruggedness+habitat heterogeneity+lynx 
presence+red deer dens. 13.77 -184.82 397.20 0.00 0.07 
Altitude+terrain ruggedness+habitat 
heterogeneity+lynx presence+red deer 
dens. 12.07 -187.18 398.51 1.31 0.04 
Altitude+Solar radiation+habitat 
heterogeneity+lynx presence+red deer 
dens. 13.84 -185.40 398.51 1.32 0.04 
Altitude+Solar radiation+terrain 
ruggedness+habitat heterogeneity+lynx 
presence+red deer dens.+roe deer dens. 16.06 -183.23 398.61 1.42 0.04 
Altitude+Solar radiation+terrain 
ruggedness+habitat heterogeneity+lynx 
presence 16.82 -182.48 398.64 1.44 0.03 
Altitude+Solar radiation+dist. to enclosure 
+terrain ruggedness+habitat 
heterogeneity+lynx presence+red deer 
dens. 15.13 -184.25 398.80 1.60 0.03 
Altitude+Solar radiation+terrain 
ruggedness+lynx presence+red deer dens. 12.57 -186.94 399.04 1.85 0.03 
Altitude+habitat heterogeneity+lynx 
presence+red deer dens. 11.92 -187.81 399.48 2.28 0.02 
Altitude+Solar radiation+dist. to enclosure 
+habitat heterogeneity+lynx presence+red 
deer dens. 15.03 -184.89 399.87 2.68 0.02 
Altitude+Solar radiation+habitat 
heterogeneity+lynx presence+red deer 
dens.+roe deer dens. 16.30 -183.63 399.89 2.70 0.02 
Altitude+Solar radiation+terrain 
ruggedness+habitat heterogeneity+lynx 
presence+roe deer dens. 18.77 -181.19 399.97 2.77 0.02 
Altitude+Solar radiation+prevailing habitat 
type+ terrain ruggedness+habitat 
heterogeneity+lynx presence+red deer 
dens. 15.57 -184.42 400.01 2.82 0.02 
Altitude+terrain ruggedness+habitat 
heterogeneity+lynx presence+red deer 
dens.+roe deer dens. 14.16 -185.83 400.02 2.82 0.02 
Altitude+Solar radiation+habitat 
heterogeneity+lynx presence 16.33 -183.69 400.07 2.87 0.02 
Altitude+Solar radiation+dist. to enclosure 
+terrain ruggedness+habitat 
heterogeneity+lynx presence 18.12 -181.97 400.22 3.03 0.02 
Altitude+Solar radiation+terrain 
ruggedness+lynx presence+red deer 
dens.+roe deer dens. 15.06 -185.05 400.24 3.04 0.02 
Altitude+Solar radiation+dist. to enclosure 
+terrain ruggedness+habitat 
heterogeneity+lynx presence+red deer 17.24 -182.87 400.25 3.05 0.02 
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dens.+roe deer dens. 

Altitude+terrain ruggedness+lynx 
presence+red deer dens. 11.07 -189.06 400.28 3.08 0.02 
Altitude+dist. to enclosure +terrain 
ruggedness+habitat heterogeneity+lynx 
presence+red deer dens. 13.42 -186.72 400.30 3.10 0.02 

Presence/absence of Lynx           

dist. to enclosure +prevailing habitat type+ 
terrain ruggedness+habitat 
heterogeneity+red deer dens.+roe deer 
dens. 35.67 -6045.68 12162.82 0.00 0.19 
dist. to enclosure +terrain 
ruggedness+habitat heterogeneity+red 
deer dens.+roe deer dens. 33.62 -6047.90 12163.16 0.34 0.16 
Altitude+dist. to enclosure +prevailing 
habitat type+ terrain ruggedness+habitat 
heterogeneity+red deer dens.+roe deer 
dens. 36.68 -6045.18 12163.87 1.04 0.11 
Altitude+dist. to enclosure +terrain 
ruggedness+habitat heterogeneity+red 
deer dens.+roe deer dens. 34.65 -6047.51 12164.45 1.62 0.08 
prevailing habitat type+ terrain 
ruggedness+habitat heterogeneity+red 
deer dens.+roe deer dens. 34.90 -6047.43 12164.78 1.96 0.07 
Solar radiation+dist. to enclosure 
+prevailing habitat type+ terrain 
ruggedness+habitat heterogeneity+red 
deer dens.+roe deer dens. 36.67 -6045.68 12164.82 2.00 0.07 
Solar radiation+dist. to enclosure +terrain 
ruggedness+habitat heterogeneity+red 
deer dens.+roe deer dens. 34.62 -6047.90 12165.16 2.33 0.06 
Altitude+prevailing habitat type+ terrain 
ruggedness+habitat heterogeneity+red 
deer dens.+roe deer dens. 35.92 -6046.81 12165.59 2.77 0.05 
terrain ruggedness+habitat 
heterogeneity+red deer dens.+roe deer 
dens. 32.84 -6049.95 12165.69 2.86 0.04 
Altitude+Solar radiation+dist. to enclosure 
+prevailing habitat type+ terrain 
ruggedness+habitat heterogeneity+red 
deer dens.+roe deer dens. 37.68 -6045.16 12165.83 3.00 0.04 
Altitude+Solar radiation+dist. to enclosure 
+terrain ruggedness+habitat 
heterogeneity+red deer dens.+roe deer 
dens. 35.65 -6047.51 12166.45 3.63 0.03 
Solar radiation+prevailing habitat type+ 
terrain ruggedness+habitat 
heterogeneity+red deer dens.+roe deer 
dens. 35.90 -6047.41 12166.75 3.92 0.03 
Altitude+terrain ruggedness+habitat 
heterogeneity+red deer dens.+roe deer 
dens. 33.88 -6049.44 12166.76 3.94 0.03 
Altitude+Solar radiation+prevailing habitat 
type+ terrain ruggedness+habitat 
heterogeneity+red deer dens.+roe deer 
dens. 36.92 -6046.76 12167.49 4.66 0.02 
Solar radiation+terrain ruggedness+habitat 
heterogeneity+red deer dens.+roe deer 
dens. 33.84 -6049.95 12167.69 4.87 0.02 

Habitat inside/outside enclosures           
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Solar radiation+prevailing habitat 
type+Terrain ruggedness 33.95 -399.37 866.75 0.00 0.16 
Altitude+Solar radiation+prevailing habitat 
type+Terrain ruggedness 34.96 -398.37 866.78 0.02 0.16 
Solar radiation+prevailing habitat 
type+Terrain ruggedness+Habitat 
heterogeneity 34.95 -399.23 868.49 1.74 0.07 

Solar radiation+prevailing habitat type 32.96 -401.28 868.59 1.83 0.06 
Altitude+Solar radiation+prevailing habitat 
type+Terrain ruggedness+Habitat 
heterogeneity 35.96 -398.29 868.62 1.87 0.06 
Altitude+Solar radiation+prevailing habitat 
type 33.96 -400.54 869.11 2.36 0.05 
Altitude+Solar radiation+Terrain 
ruggedness 32.96 -401.58 869.19 2.43 0.05 

prevailing habitat type+Terrain ruggedness 32.96 -401.68 869.39 2.63 0.04 

Solar radiation+Terrain ruggedness 31.96 -402.70 869.42 2.66 0.04 

Solar radiation 30.96 -403.95 869.93 3.17 0.03 

Altitude+Solar radiation 31.96 -403.08 870.18 3.43 0.03 
Altitude+prevailing habitat type+Terrain 
ruggedness 33.96 -401.13 870.29 3.54 0.03 
Solar radiation+prevailing habitat 
type+Habitat heterogeneity 33.95 -401.19 870.41 3.66 0.03 
prevailing habitat type+Terrain 
ruggedness+Habitat heterogeneity 33.96 -401.37 870.78 4.02 0.02 
Altitude+Solar radiation+Terrain 
ruggedness+Habitat heterogeneity 33.96 -401.39 870.82 4.06 0.02 
Solar radiation+Terrain 
ruggedness+Habitat heterogeneity 32.96 -402.44 870.90 4.15 0.02 
Altitude+Solar radiation+prevailing habitat 
type+Habitat heterogeneity 34.96 -400.49 871.02 4.26 0.02 

prevailing habitat type 31.96 -403.67 871.37 4.61 0.02 
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6. Discussion, conclusions and management implications 

As a detailed interpretation of our results was already given in the “Discussion” 

sections of chapters 5.1 to 5.5, we will not repeat what discussed for the single parts of our 

study here. Rather, the aim of this last chapter is to give an overall view of the meaning 

and implications of our findings. 

On one hand, our study not only mostly confirmed the information about lynx 

microhabitat requirements which were reported in two recent works (Krofel et al. 2007, 

Podgorski et al. 2008, the first of which was a descriptive study), but also it completed the 

existing information by analyzing the role of habitat usage by the prey, whose potential 

influence was previously suggested (Krofel et al. 2007), but never tested. 

On the other hand, we provided more detailed information about the factors 

influencing the patterns of lynx activity and we brought completely new insights about 

two aspects of lynx coexistence with people that were to date poorly investigated. 

More in particular, regarding habitat requirements, we found that the presence of 

particular microhabitat structures, increasing habitat heterogeneity, was actually important 

for lynx while hunting large prey (especially during winter time) and that this was 

definitely not a mere consequence of the habitat used by deer species. Also, microhabitat 

features enhancing protective cover and habitat inaccessibility to people clearly increased 

the suitability of an area for daytime resting. In order to understand the potential 

implications of our findings, it is worth mentioning that the availability of sufficient 

suitable areas for resting demonstrated to be a potential limiting factor in other carnivore 

species (e.g. Beja 1996, Halliwell & Macdonald 1996) and it is likely influencing the 

patterns of spatial use by lynx (given that this predator spends most of daytime inactive, 

e.g. Schmidt 1999). In addition, it has been demonstrated that the limited availability of 

suitable stalking cover may affect hunting success, home range size and population 

numbers in felids, even if prey populations are not limited (Kruuk 1986). 

Therefore, as suggested also in other microhabitat studies on felids of the genus 

Lynx, maintaining favourable microhabitat conditions throughout the different landscapes 

may have a positive effect on an area’s carrying capacity (Fernández et al. 2003, 

Podgorski et al. 2008). Furthermore, as microhabitat structure seems to have the potential 

to mitigate disturbance due to human activities (also suggested by a study on brown bears 

by Ordiz et al. (2011)), preserving microhabitat features linked to protective cover can be 

fundamental in disturbed areas and it may improve habitat conditions for the lynx also in 

fragmented, sub-optimal habitats. 
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Regarding activity patterns, our study provided a more detailed description of the 

general daily and seasonal patterns of activity for male and female lynx and new 

information about the external factors influencing such patterns. Furthermore, about the 

effect of the availability of a killed large prey on lynx activity, our study indicated that 

there are detectable differences in duration, strength and patterns of activity between the 

days with and without consumption of a prey. Besides improving our theoretical 

knowledge, this information may also have a practical application. In fact, on this basis, it 

may be possible to develop a method to detect the presence of a kill by analysing the 

activity data (in combination with the information from the GPS positions). This would 

greatly reduce the time effort required for searching for kills in the field, which would 

especially help when studying the lynx, whose weight and lifestyle to date still impose 

limitations to battery size of collars and therefore to the obtainable number of GPS 

positions. Increasing the availability of data on the hunting rates of this species is 

important, as the actual impact of the lynx on its prey species is one of the matters which 

is still often misunderstood and which most frequently raises controversies with human 

hunters. 

Concerning human-lynx coexistence, our study was the first to investigate how this 

large felid reacts to recreational activities. Although our data did not allow a direct 

investigation of potential effects of such activities on the species survival, we found not 

only a behavioral reaction to touristic activity, but also a negative effect of recreational 

activities both on the time spent at a single prey and on the suitability of a given area as 

daytime resting site. While the first effect likely does not lead to a strong impact, at least 

in areas characterized by good prey densities, we believe that the latter effect could 

actually affect lynx fitness. This suggests that also this aspect of lynx coexistence with 

humans, which was to date poorly considered, should be rather kept in mind, also 

considering that during the last decades ecotourism and outdoor recreational activities 

showed positive trends worldwide (Taylor & Knight 2003, Balmford et al. 2009). 

Finally, regarding the potential effects of red deer winter management, we found 

that lynx distribution and hunting activity on red deer were rather influenced by the 

variations in deer prey densities and by local environmental condition, while results about 

the influence of the presence of winter enclosures were not completely clear. In practice, 

we can at least say that the differences between predation inside and outside the enclosures 

did not seem that pronounced; therefore, predation by lynx likely cannot act as a factor 
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compensating the increased red deer survival which generally derives from the adoption of 

the winter enclosure management system (e.g. Schmidt & Hoi 2002). 

In conclusion, based on our findings, forest management that results in a good 

level of habitat heterogeneity should be adopted to favour hunting lynx. As a large part of 

European forests are exploited at least to a certain extent (e.g. Lõhmus et al. 2005) and as 

commercially exploited forests are generally characterized by a lower degree of 

complexity (i.e. heterogeneity) compared to natural forests (e.g. Hamer et al. 2003, 

Lõhmus et al. 2005, Podgorski et al. 2008), this may improve habitat conditions for lynx 

throughout quite wide areas. At the same time, special attention should also be given to 

preserve microhabitat features enhancing the level of protective cover (e.g. dense 

thickets), especially in mosaic landscapes and in disturbed areas. Also, we suggest that 

recreation plans should be set up with the aim to minimize the impact of human presence, 

in particular inside protected areas. As the touristic attractiveness of national parks and 

natural reserves has increased during the last decades and is expected to further increase, 

we believe this is fundamental to achieve the best compromise between economic 

development and species conservation. 
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