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 82 

Abstract: 83 

Grey wolves have been recovering throughout Europe over the last decades, widely 84 

portrayed as a conservation success story. We evaluated the trends and demography of two 85 

wolf populations that recolonised the Czech Republic between 2011/2012 and 2022/2023, 86 

integrating a variety of fieldwork and laboratory methods including snow tracking, camera 87 

trapping, telemetry and non-invasive genetics, with some of these methods being carried out 88 

within a citizen science framework. We then compared these demographic trends with the 89 

frequency of wolf attacks on livestock. Wolf territories grew annually by λ = 1.25 ± 0.18 90 

(0.92–1.68) in the Carpathian and λ = 1.39 ± 0.08 (1.22–1.57) in the Central European 91 

population. Over the same period, the growth rate of wolf attacks on livestock exceeded the 92 

growth rate of territories. Wolf pack sizes averaged 5.7 ± 0.24 individuals in autumn and 93 

winter, but packs in their first and second year were significantly smaller than those 94 

occupying a territory for at least three years. The wolf density in areas occupied by a wolf 95 

pack reached, on average, 4.19±0.49 individuals per 100 km². Overall, the recovery of the 96 

Central European wolf population in Czechia was delayed compared with neighbouring 97 



Germany and western Poland, and the Carpathian population recovered even six years later. 98 

We discuss that this delayed recovery may have been influenced by hunting pressure in 99 

neighbouring Slovakia prior 2021 or by other undetected sources of mortality, making the 100 

population vulnerable in the long term. 101 

 102 

 103 

MAIN TEXT 104 

 105 

1. Introduction 106 

 107 

Recovery of large carnivores, such as grey wolves (Canis lupus), represents both a 108 

remarkable conservation success and one of the most complex challenges in contemporary 109 

conservation biology. In recent decades, grey wolf populations have recovered substantially 110 

across Europe, driven by legal protection, increasing public awareness, land use changes, 111 

species adaptability and other factors (Chapron et al., 2014; Di Bernardi et al., 2025). This 112 

resurgence has sparked contentious debates, as wolves recolonise areas where they have 113 

long been absent, leading to conflicts with human activities such as livestock farming and 114 

hunting.  115 

 116 

Rapid recolonisation has been documented especially in Central Europe: wolves from 117 

Eastern Europe immigrated in early 2000’s to Western Poland and Germany (Nowak and 118 

Mysłajek, 2016; Reinhardt et al., 2019) and established a distinct population there 119 

(Szewczyk et al., 2021), initially named the Central European Lowland population (Chapron 120 

et al., 2014). This lowland population has since expanded its range up to Denmark, 121 

Belgium, the Netherlands, Austria and Czech Republic (Di Bernardi et al., 2025). 122 



 123 

Among European large carnivores, wolves are the most adaptable species and are able to 124 

live in landscapes highly altered by humans (Chapron et al., 2014). Their expansion in 125 

Central Europe followed full legal protection of the species in Poland since 1998 (Mysłajek 126 

and Nowak, 2015). Wolves dispersed mostly in the northwestern and  northeastern 127 

directions, including areas with high human population densities and intensively cultivated 128 

landscapes (e.g., in Lower Saxony, on average 190 people/km2, Ronnenberg et al., 2017). 129 

Nevertheless, the first recolonised areas in Germany were military training areas, likely due 130 

to reduced anthropogenic mortality (Reinhardt et al., 2019). 131 

 132 

Despite the overall conservation success (Chapron et al., 2014; Di Bernardi et al., 2025), 133 

wolf-human interactions in human-dominated landscapes remain complex and the 134 

population growth has been limited in certain parts of Central Europe. For example, wolf 135 

mortality in the Jutland peninsula (Denmark and Schleswig-Holstein, Germany) was 136 

unsustainably high due to cryptic poaching (Sunde et al., 2021). The study indicated that the 137 

high rate of illegal killing was caused by the high rate of wolf-human encounters in an 138 

intensively cultivated and densely populated landscape. Furthermore, the number of wolves 139 

illegally killed in neighbouring Poland was estimated on average 16 times higher than the 140 

annual average number of wolves found shot in the period 2017-2020 (Nowak et al., 2021). 141 

Despite the overall positive trends at the European level, the results of these local studies 142 

suggest a continuously high anthropogenic impact on wolf population dynamics. 143 

 144 

The wolf had been completely extirpated from most of the range of present-day Czech 145 

Republic by the 17th and 18th centuries, although the last wolf was shot in 1914 in the 146 

Western Carpathians (Anděra and Červený, 2009). The species returned to the eastern part 147 



of the Czech Republic (the Western Carpathians) in the mid-1990s, when 1-3 packs were 148 

reported (Anděra et al., 2004). However, these wolves were reportedly poached (Bartošová, 149 

1998), and only sporadic occurrences were recorded in the following decade (Kutal et al., 150 

2016). Regardless of the exponential growth of the Central European wolf population in 151 

neighbouring Germany and western Poland (Nowak and Mysłajek, 2016; Reinhardt et al., 152 

2019), no permanent occurrence was recorded in the Czech Republic during the same period 153 

until 2013 (Flousek et al., 2014; Kutal et al., 2017).  Moreover, sufficient habitat has been 154 

identified within the country (Romportl et al., 2017), along with connections to surrounding 155 

areas of recent wolf occurrence (Hulva et al., 2018). 156 

 157 

The grey wolf has been legally protected under national law since 1993 (Bartošová, 2005) 158 

and is listed in Annexes II and V of the Habitats Directive (the species was listed in Annex 159 

IV prior to its downlisting in 2025). However, the species has also been legally hunted in 160 

neighbouring Slovakia for decades (Kutal et al., 2016; Kutal and Dula, 2020). Different 161 

management approaches – from strict protection in Germany, Poland, and Austria to legal 162 

hunting in Slovakia (Kutal et al., 2024) – raise questions about whether, and how, these 163 

differences are reflected in population dynamics. Furthermore, the current species 164 

distribution in the country is a subset of two populations spreading across Central Europe: 165 

Carpathian and Central European Lowland (sensu Chapron et al. 2014). 166 

 167 

Wolf monitoring is not an easy task since their population density is low, individuals roam 168 

over large home ranges (Mattisson et al., 2013; Vorel et al., 2024) and their behaviour is 169 

elusive. This creates significant challenges in terms of the resources, such as man power, 170 

time, technology, and finances, necessary to estimate population sizes at regional or national 171 

levels and to meet requirements for reporting on the conservation status of species under the 172 



EU Habitats Directive. At the same time, the recolonisation of wolves has stimulated the 173 

interest of the general public in reporting observations or signs of their presence (Ludolphy 174 

et al., 2025). If properly managed, data collection through citizen science initiatives 175 

represents an opportunity to generate robust scientific evidence and to help address 176 

conservation problems (McKinley et al., 2017), such as insufficient actionable data and 177 

public distrust of science (Skarlatidou et al., 2024).  178 

 179 

This study aims to describe wolf recovery and demography in the Czech Republic by 180 

estimating the minimum number of wolf territories annually between 2011/2012 and 181 

2022/2023. To achieve this, we combined methods commonly used for wolf monitoring in 182 

human-dominated landscapes, including citizen science. We report pack sizes, population 183 

density and known mortality, as well as differences in growth rates and colonisation patterns 184 

between the Central European lowland and Carpathian populations, the two main sources of 185 

expansion under contrasting management regimes: strict protection versus legal culling. 186 

Finally, we analysed wolf depredations on livestock—an indicator often cited in 187 

conservation debates—to document recovery trends in the Czech Republic. We compared 188 

population growth with depredation trends and discussed implications for the current 189 

compensation system. 190 

 191 

2. Methods 192 

 193 

2.1 Data collection and treatment 194 

Wolf monitoring in the Czech Republic is based on a combination of particular methods, 195 

such as snow tracking, collection of non-invasive samples for genetic analyses, camera 196 

trapping, telemetry and public reports, in accordance with a national methodology for large 197 



carnivore monitoring (Černá et al., 2020). Field activities were primarily focused on 198 

mountain ranges and large protected areas along the borders with Slovakia, Poland, 199 

Germany and Austria, where a substantial proportion of suitable habitat for large carnivores 200 

has been identified  (Romportl et al., 2010 Fig. 1, Figure S1.1). For each year from 201 

2011/2012 to 2022/2023, the minimum number of wolf territories and individuals were 202 

determined, with the “wolf year” defined as spanning from May 1st to April 30th of the 203 

following year. 204 

 205 

2.1.1 Snow tracking and collection of genetic samples  206 

The fieldwork was carried out by experienced staff from the Carnivore Conservation 207 

Programme of Friends of the Earth Czech Republic, the Czech University of Life Sciences 208 

Prague, the Nature Conservation Agency of the Czech Republic, České Švýcarsko National 209 

Park, Šumava National Park, Krkonoše National Park and by trained volunteers from the 210 

Carnivore Tracking Project (www.carnivores.cz). The fieldwork followed the approach 211 

established in the Western Carpathians since 2002, where the presence of wolves and lynx 212 

has been monitored through snow tracking and searching for other signs of presence (Kutal 213 

et al., 2016). Footprints, tracks and other signs of presence were documented year-round and 214 

all non-invasive samples (scat, hair, urine, oestrus blood) were collected for further analysis. 215 

Snow tracking allowed the identification of a territory in 43.6% of cases. In addition, tissue 216 

samples were collected from dead wolves and saliva samples from dead livestock after wolf 217 

predation. 218 

 219 

2.1.2 Camera traps 220 

In most of the study areas (67.7% of territories), a network of opportunistically placed camera 221 

traps was established along the forest roads or near rendezvous sites, identified by simulated 222 

http://www.carnivores.cz/


howling (Nowak et al., 2007). Forest roads and crossroads are known as marking sites that 223 

are regularly visited by wolves (Barja et al., 2004; Stępniak et al., 2020), which increases the 224 

likelihood of detecting entire pack and reproductive events. Cameras with a fast trigger (<0,5 225 

s) and infrared flash were used, set to video mode or to capture image series with a 0–1 s 226 

between recordings. This allowed us to better estimate the number of individuals within a 227 

group. 228 

 229 

2.1.3 Telemetry 230 

In 16 cases (9.1% of territories), GPS telemetry data were used to determine home ranges of 231 

residential wolves. Wolves were captured using Belisle 8ʺ and Victor soft-catch leg-hold 232 

traps in three study areas in the Czech Republic (Šumava National Park, České Švýcarsko  233 

National Park and the Beskydy Protected Landscape Area). In addition, data from Allensteig 234 

military area in Austria were included as some collared animals dispersed and established 235 

home ranges in the Czech Republic. Additionally, one wolf was monitored after being 236 

released following rehabilitation from a traffic accident in Krušné hory. All animals were 237 

equipped with GPS Plus collars (Vectronic AEROSPACE GmbH, Germany). For more 238 

details about the trapping procedure and home range estimation, see Vorel et al. (2024). 239 

 240 

2.1.4 Public reporting 241 

Some observations and killed wolves were opportunistically reported by the public, foresters 242 

and hunters with field verification carried out by state nature conservation authorities or 243 

trained persons whenever possible. Dead wolves were examined in the Faculty of 244 

Veterinary Medicine in Brno, where additional tissue samples were collected for genetic 245 

analysis. 246 

 247 



2.1.5 Genetic analyses 248 

DNA from scat and urine samples was isolated using the QIAamp Fast DNA Stool Mini, and 249 

in the case of urine, with the protocol according to Hausknecht et al. (2007) with modifications 250 

according to Jarausch et al. (2021). For tissue, swab, and hair samples, the DNA mini kit 251 

(GENEAID) was used and blood samples were isolated using the blood/cell DNA mini kit 252 

(GENEAID), following the manufacturer's protocols. A panel of 21 microsatellite loci and 253 

sex-determining gene (amelogenin) was amplified by PCR as described in Hulva et al. (2024). 254 

The species status of particular genotypes (aimed to exclude potential fox or dog samples 255 

misidentified as wolf samples in the field) was performed using cluster analysis in Structure 256 

(Pritchard et al., 2000). The initial burn-in was set to 200,000 steps followed by 1,000,000 257 

iterations of Markov Chain Monte Carlo (MCMC). Analysis was performed using the no-258 

admixture model with uncorrelated allele frequencies and no prior population data. Clusters 259 

were tested for K values from 1 to 10, with each K run five times. The results were then 260 

uploaded to StructureSelector (Li and Liu, 2018) for visualisation and optimal cluster 261 

selection using multiple methods. Using the Cervus program (Kalinowski et al., 2007), 262 

identity analysis was conducted with a filtering process requiring at least 14 matching loci 263 

and allowing up to five allelic dropout mismatches. Primary data and metadata were checked 264 

in all ascertained identical genotypes. The genealogical structure was assessed using ML-265 

Relate (Kalinowski et al., 2006). After identifying the most probable relationship (FS = full 266 

siblings or PO = parent-offspring), a hypothesis test with 100,000 simulated genotypes was 267 

conducted to evaluate statistical significance. Temporal and spatial data were used to refine 268 

these relationships. To validate the results, a maximum-likelihood approach in Colony ver. 269 

2.0.6.6 (Jones and Wang, 2010) was applied, assuming both male and female polygamy. All 270 

individuals were considered as potential parents, with a 0.5 probability of inclusion for fathers 271 

and mothers and an assumed error rate of 0.01 (Palomares et al., 2017).  272 



 273 

2.1.6 Livestock depredation trends 274 

Since there is no central registry of livestock damage caused by large carnivores in the Czech 275 

Republic, we individually asked all regional offices and nature conservation bodies for dates, 276 

locations, number of wolf attacks and the total number of killed domestic animals in each 277 

wolf year. 278 

2.2 Data validation 279 

All occurrence data collected and stored in the database were validated following the 280 

guidelines published by Kaczensky et al. (2009) and Kutal et al. (2017), using three categories 281 

reflecting the reliability and probability of wolf origin. Category C1 represents hard evidence, 282 

such as telemetry data, genetic evidence, a dead animal or clear camera trap pictures; category 283 

C2 refers to confirmed data, such as wolf scats or prey remains; and category C3 is associated 284 

with unconfirmed data. For further analysis, only records classified as C1 and C2 were 285 

considered. 286 

 287 

2.3 Data integration in determining family groups and territories 288 

Genetic and telemetry records were used to validate territories identified through field 289 

surveys (camera trapping and snow tracking). In the context of this paper, we use the term 290 

'territory' to refer to a home range subset that is used and defended by its holders (in the 291 

sense of Maynard-Smith, John, 1974; Mech and Boitani, 2003), as commonly applied  in 292 

studies about wolves (e. g., Jarausch et al., 2021; Smith and Cassidy, 2024). The centre of 293 

each territory was estimated based on the frequency of reproduction events or signs of 294 

presence or visits detected by camera traps each year. To illustrate the development of the 295 

territories during the study period (Fig. 2), circles with a radius of 8 km were drawn around 296 



the centre of each territory, which corresponds to an area of approximately 200 km2. This 297 

method is consistent with the approach used by Nowak & Myslajek (2016) in Poland, based 298 

on the average size of territories in Poland of 201 km2 (Jȩdrzejewski et al., 2007), a value 299 

very similar to 214.3 km determined by GPS telemetry in the Czech Republic and Austria 300 

(Vorel et al., 2024). Territories that only marginally (<10%) encroached on the Czech 301 

Republic were excluded from further analysis. A total of 163 territories were identified over 302 

the 12-year period and were included in the analyses. 303 

Two-thirds of the territories (68.3%) were confirmed by at least two different monitoring 304 

methods and approximately one-quarter (25.6%) by at least three. Obtained information on 305 

relatedness (FS or PO) was used to ascertain individuals' membership to family groups 306 

(packs), and to verify the proposed territories based on field monitoring. An area was 307 

considered occupied by a resident pack if at least three wolves were recorded during a wolf 308 

year or if reproduction in the pack was confirmed by either method. A territory was 309 

considered to have pair status if only two wolves were detected. If only one individual was 310 

repeatedly sighted throughout the year, such an area was considered to be occupied by a 311 

single territorial wolf. These three categories of wolf territory were based on the monitoring 312 

guidelines from Germany (Kaczensky et al., 2009). Sporadic or anecdotal occurrences were 313 

excluded from analyses of possible territories, since these may result from dispersal events 314 

from natal packs or from individuals acting as floaters The minimum number of individuals 315 

was estimated in autumn and winter using one of three methods: camera traps (85 cases), 316 

snow tracking (50 cases), or a combination of the two (33 cases). All integrated data are 317 

available in Table S1.2. The average elevation of wolf territories was calculated by zonal 318 

statistics in QGIS (QGIS.org, 2023) over the Continental Europe Digital Terrain Model at 319 

30 m resolution (Hengl et al., 2020). 320 

 321 



2.4 Model of data trends 322 

Population development (described as the number of territories over time) was evaluated 323 

separately for two populations defined a priori according to geographic range (the Central 324 

European population, which occurs throughout most of the country, and the Carpathian 325 

population, which occurs in the Western Carpathian Mountains in the eastern part of the 326 

Czech Republic; see the division line in Fig. 1).  327 

 328 

Bayesian state-space models implemented in JAGS were used to describe and quantify the 329 

trend in the number of wolf territories, wolves, killed livestock and wolf attacks. A process 330 

model described population dynamics and an observation model accounted for observation 331 

error. The true population size Nt was modelled as a stochastic process, with population 332 

growth determined by a finite rate of increase λ and process noise. The population growth 333 

followed a log-normal distribution: 334 

 335 

𝑙𝑜𝑔(𝑁[𝑡])  =  𝜆 ∙ 𝑁[𝑡−1] +  𝜀 336 

 337 

where ε was normally distributed with variance σproc
2 representing process noise. The 338 

observed population size Nobs[t] was modelled as a Poisson random variable with a gamma-339 

distributed mean λNobs that depends on the true population size with an observation error. 340 

The mean and variance of λNobs were calculated as: 341 

 342 

𝜆𝑁𝑜𝑏𝑠[𝑡 ] ∼ 𝛤(𝑠ℎ𝑎𝑝𝑒𝑂𝑏𝑠[𝑡], 𝑟𝑎𝑡𝑒𝑂𝑏𝑠[𝑡]) 343 

 344 

Where 345 

 𝑠ℎ𝑎𝑝𝑒𝑂𝑏𝑠[𝑡] =
𝑁𝑡

2

𝜎𝑂𝑏𝑠[𝑡]2  346 



and  347 

𝑟𝑎𝑡𝑒𝑂𝑏𝑠[𝑡] =
𝑁𝑡

𝜎𝑂𝑏𝑠[𝑡]2
  348 

with σobs[t] being an observation error. Uninformative or weakly informative priors were 349 

assigned to all parameters. Data input of all models were the observed time series Nobs of 350 

either number of wolf territories in the Carpathian and lowland population, individual 351 

wolves in the Carpathian and lowland population, killed livestock or wolf attacks. Six 352 

parallel Markov Chain Monte Carlo (MCMC) chains were run, each with 100,000 353 

adaptation iterations followed by 1,000,000 sampling iterations. A thinning interval of 10 354 

was applied to reduce autocorrelation. Convergence of the MCMC chains was assessed 355 

using the Gelman-Rubin diagnostic, ensuring 𝑅̂ values were close to 1 for all monitored 356 

parameters. All analyses were conducted using R version 4.4.2 (R Core Team, 2024) and 357 

JAGS version 4.3.2 (Plummer, 2003). 358 

 359 

2.5 Population density 360 

We estimated the population density of wolves in areas occupied by a pack based on the 361 

average size of home ranges in Central Europe (Vorel et al., 2024) and data from our study 362 

(102 observations from 31 packs). To obtain a robust estimate, 10,000 Monte Carlo 363 

simulations were performed using the mean pack size per wolf pack (n = 31) combined with 364 

known territory sizes (n = 16) to calculate average wolf density with 95% confidence 365 

intervals. All analyses were conducted in R version 4.4.2 (R Core Team, 2024) using the 366 

dplyr package. 367 

 368 

 369 

2.6. Pack size 370 



A generalized linear mixed model (GLMM) with a Poisson distribution was used to test 371 

differences in pack size between early (first and second year) and late (third to sixth year) 372 

periods. Territory identity was included as a random effect to account for repeated 373 

measurements within packs. Analyses were performed in R version 4.4.2 (R Core Team, 374 

2024) using the emmeans package to estimate marginal means and test contrasts. 375 

 376 

3. Results 377 

 378 

The first pair of wolves occupied the border area with Germany in the Hohwald region in 379 

2011/2012, and the first inland pack was established in the lowlands of central Bohemia in 380 

2014/2015. In the following years, wolves gradually expanded into the mountainous regions 381 

along the borders of the Czech Republic with Germany and Poland, finally occupying most 382 

of these mountainous areas (Fig. 2). In 2022/23, out of 40 territories in total, 30% were 383 

inland, 30% were shared with Germany and 27.5% were shared with Poland. The remaining 384 

7.5% and 5% were shared with Slovakia and Austria, respectively. Most of the country was 385 

occupied by the Central European population, while the Carpathian wolves colonised only 386 

the north-eastern part of the country, which belongs to the Western Carpathians (see the 387 

division line in Fig. 1 and Fig. 2 for the attributions). There were five cases of dispersal of 388 

Carpathian wolves into ranges of Central European lowland wolves and four cases vice 389 

versa (Fig. 1). A total of 163 territories were identified over the 12-year period. 390 

 391 

From 2011/12 to 2022/23, the annual growth rate of wolf territories was λ = 1.25 ± 0.18 392 

(0.92–1.68) in the Carpathian population and λ = 1.39 ± 0.08 (1.22–1.57) in the Central 393 

European population (Fig. 3). The difference between the two growth rates was substantial 394 

with only 41% overlap between the two posterior distributions (Fig. 3). The annual growth 395 



rate of the number of individual wolves from 2011/12 to 2022/23 was λ = 1.50 ± 0.20 (1.15–396 

1.98) in the Carpathian population and λ = 1.50 ± 0.10 (1.31–1.73) in the Central European 397 

population (Fig. 3). The difference between the two growth rates was smaller with the two 398 

posteriors having a 78% overlap (Fig. 4).  399 

 400 

The growth rate of the number of wolf attacks on livestock in the Czech Republic over the 401 

same period was λ = 1.48 ± 0.14 (1.23 – 1.80) while the growth rate of the number of killed 402 

livestock increased by λ = 1.51 ± 0.19 (1.18 – 1.94) (Fig. 5). The growth was larger than 403 

territory growth but the pattern was more irregular as indicated by wide credible intervals.  404 

 405 

The average wolf density in areas occupied by a wolf pack was estimated to 4.19 ± 0.49 406 

ind./100 km2 (95% CI: 3.29–5.2). Wolf pack sizes (n = 102) ranged from 3 to 11 individuals 407 

during autumn and winter, with a mean of  5.70 ( ± 0.24, 95% CI: 5.22–6.17). The minimum 408 

number of wolves per territory increased from 2 in 2011/2012 to 4.95 ± 1.91 in 2022/2023 409 

(rS = 0.63, p = 0.028), while the overall average pack size remained stable throughout the 410 

study (rS = 0.40, p = 0.228). However, it is notable that packs in their first and second year 411 

were significantly smaller (mean 4.95; 95% CI: 4.4–5.56) than packs occupying a territory 412 

from the third year onwards (mean 6.61; 95% CI: 5.91–7.39; p < 0.001; see Fig. 6 and more 413 

details in Supplementary material: Table S1.3 and Fig. S1.4).  414 

 415 

The average elevation of wolf territories increased from 391.7 (±49.3) m a.s.l. in 2011/2012 416 

to 665.2 (±220.6) m a.s.l. in 2022/2023, and the range (min – max elevation) changed from 417 

274 – 581 to 116 – 1502 m a.s.l. Excluding Carpathian territories yields a very similar trend, 418 

with a mean altitude of 666.8 ± 230.1 m a.s.l. in 2022/23 (see Tables S1.5 and S1.6). 419 

 420 



A total of 27 cases of wolf mortality were recorded, none of which involved collared 421 

wolves. Of these, 19 (70.4%) resulted from traffic collisions, five (18.5%) from shooting or 422 

snaring, one (3.7%) from being killed by another canid (probably another wolf), and in two 423 

cases (7.4%) the cause of death was unknown (see Table S1.7 for details). Among the 26 424 

cases with known sex, 46.2% were males and 53.8% females. Of the 24 cases with known 425 

age, 25% were young (<1 year) and 75% were adults. Among 18 cases with known social 426 

status, 69.2% were dispersers and 30.7% residents.  Significantly more dispersers were 427 

killed in traffic collisions than by other causes of mortality (Fisher’s exact test, one-tailed, p 428 

= 0.032, OR = 7.50, 95% CI = 1.19–∞). 429 

 430 

4. Discussion 431 

 432 

The development of the wolf population in the Czech Republic from 2011/2012 to 433 

2022/2023 showed exponential growth in both the Central European and Carpathian 434 

populations, being higher in the Central European population. This pattern mirrors the trend 435 

observed in neighbouring western Poland (Nowak and Mysłajek, 2016) and Germany 436 

(Reinhardt et al., 2019), although the Czech Republic was colonised a decade later. Until 437 

2013, only sporadic wolf occurrences were reported in the Czech Republic (Kutal et al., 438 

2017) despite forests – the most preferred habitats (Vorel et al., 2024) – covering a slightly 439 

higher percentage of the landscape than in Germany and Poland (Eurostat, 2024), and 440 

despite a moderate human population density (133 people/km2; Czech Statistical Office, 441 

2022). 442 

 443 

We assume that the delayed recovery of the Central European population in the Czech 444 

Republic may have been influenced by the complex relief of mountain ranges forming much 445 



of the country’s northern border, and that changing habitat preferences of wolves could have 446 

subsequently facilitated their colonisation of a substantial part of the hilly Czech landscape. 447 

The mean elevation of wolf territories increased by more than 250 meters during the study 448 

period, which distinguishes the first pioneers from Germany and Poland, where the majority 449 

of wolves occupy the lowlands (Kaczensky, 2018). New colonisers may prefer to settle in an 450 

area with similar habitat characteristics (natal habitat-biased dispersal), especially when 451 

dispersal distance is short (Sanz-Pérez et al., 2018). Indeed, the origin of the first breeding 452 

female was traced up to 60 km into Germany (Dauban, Saxony), supporting the natal 453 

habitat-biased dispersal hypothesis. As the available habitat for wolves in the Czech 454 

Republic tends to be mountainous (Romportl et al., 2017), wolves dispersed to habitats at 455 

higher altitudes situated along the state borders and gradually changed their original 456 

preference from flat areas. Another reason for delayed establishment of the first packs in 457 

relation to Germany and Poland might be higher mortality due to poaching, which is hard to 458 

detect (Liberg et al., 2012).  The attitudes of Czech hunters towards another large carnivore, 459 

Eurasian lynx (Lynx lynx), is overly negative with 10 % of hunters admitting illegal killing 460 

by themselves (Červený et al., 2019). While there are no similar studies on wolves among 461 

hunters, wolves appear to be perceived more negatively than lynx by local people in the 462 

Czech Republic (Opdam et al., in press). Wolves in Germany had high survival rates 463 

between 2001 and 2020 (Planillo et al., 2024) and were perceived mostly positively within 464 

society after 17 years of co-existence (Arbieu et al., 2019). Although our dataset did not 465 

enable us to calculate survival rates, the survival in the Czech Republic might be lower due 466 

to the fact that small packs recorded in the first two years were significantly smaller than 467 

those recorded later on, as discussed in more detail below. 468 

 469 



The mean annual territory expansion rate of 39% in the lowland was comparable with the 470 

growth reported in neighbouring countries (30%; Mysłajek et al., 2018; 36 -38 %; Nowak 471 

and Mysłajek, 2016; 32%; Planillo et al., 2024; 36%; Reinhardt et al., 2019). This was also 472 

higher than that observed in other recolonising populations such as in the Alps (22%; 473 

Marucco et al., 2023) and the Scandinavian population (29%; Wabakken et al., 2001) but 474 

comparable to the the Great Lakes region of the USA (29%; Van Deelen, 2009) and the 475 

Yukon region of Canada (49%; Hayes and Harestad, 2000). 476 

 477 

The growth of the Carpathian population was different from the Central European 478 

population, and started 6 years later. The first wolves were already documented in the Czech 479 

Carpathians in the mid-1990s, and although the nearest territories in Slovakia were located 480 

10-50 km from the border (Kutal et al., 2016; Nowak et al., 2008), no stable territories were 481 

confirmed before 2017. Legal killing of wolves in Slovakia may have influenced the 482 

recolonisation process (Kutal et al., 2016). Restrictions of killing introduced in 2013/2014 483 

including quotas, expanded areas with year-round protection and field verifications of killed 484 

wolves (Bartošová and Kutal, 2014) may have facilitated the wolf dispersal to the Czech 485 

Republic. The growth rate of the population size (measured by minimal number of wolves) 486 

was similar as in the Central European population, but the number of territories grew 487 

considerably slower compared to the Central European population (Fig. 3). This difference 488 

may be related to the Carpathian population’s later recovery (i.e., a slower growth rate in the 489 

initial phase) or to the fact that the Carpathian population was still under some hunting 490 

pressure in neighbouring Slovakia until 2021 (Kutal et al., 2024).  491 

 492 

When monitoring large areas, some packs may go unnoticed and wolf territories in regions 493 

without regular surveys may be overlooked. When the first wolves recolonised the Beskydy 494 



Mountains in the mid-1990s, they attracted significant media attention, and the loss of 495 

unattended livestock caused considerable public concern (Kutal et al., 2018). In modern 496 

times, small herds of livestock are widespread in the Czech countryside, and the long 497 

absence of wolves combined with inadequate preventive measures have made sheep and 498 

goats in particular easy prey (Kovařík et al., 2014; Singer et al., 2023). Livestock losses 499 

caused by wolves, particularly in early phases of population establishment, may provide a 500 

useful indicator of wolf expansion in areas without a long-term wolf presence and with 501 

limited resources for wolf monitoring. Indeed, overall trends in wolf presence and livestock 502 

damage were very similar throughout the study period. 503 

 504 

The higher growth rate of livestock damage compared to the growth rate of wolf territories 505 

also suggests that farmers located at a wolf recolonisation front have not adapted their 506 

grazing systems to the changing conditions and therefore suffer from high damages. Wolves 507 

are territorial, but livestock distribution is clustered, farms without sufficient preventive 508 

measures provide a regular food source for nearby packs, and the volume of damage can 509 

increase much faster than the number of territories. In Germany, the number of sheep killed 510 

by wolves increased by an average of 41% per year between 2002 and 2019, driven by the 511 

expansion of the wolf population, suggesting insufficient prevention measures (Khorozyan 512 

and Heurich, 2022). Territories and damage incidents grew at comparable rates between 513 

2018–2020 (Singer et al., 2023), but this period followed more than 15 years of wolf 514 

presence in the country (Reinhardt et al., 2019). Contrasting results were obtained from 515 

Italy, where chronically recurring and increasing damages were reported in areas of 516 

historical distribution in the central-southern part of the country, while decreasing damages 517 

occurred in the recently recolonised northern regions (Gervasi et al., 2021). Recurring 518 

damage indicated a dysfunctional system in which compensation is paid regardless of 519 



preventive measures (Gervasi et al., 2021). A similar system exists in the Czech Republic: 520 

although financial support is available for preventive measures and additional work related 521 

to wolf presence, damage compensation is paid regardless of their quality of implementation 522 

of preventive measures (Pelc, 2024). This may create a moral hazard whereby there are few 523 

incentives to increase herd protection as damage compensation is provided regardless.  524 

 525 

The published average size of wolf packs in Europe varies substantially, from 2.7–3.2 up to 526 

7.5–8 individuals (Jedrzejewski et al., 2000; Mysłajek et al., 2018; Nowak et al., 2024, 527 

2008; Okarma et al., 1998). Our mean value of 5.7 thus falls within this range. However, 528 

packs occupying the area for at least three years were considerably larger. The average size 529 

of such packs (6.7) was almost identical to resident packs persisting for at least three years 530 

in western Poland (Nowak and Mysłajek, 2016). A wolf pack in its second year, during 531 

autumn and winter, typically consists of a breeding pair, pups (<1 year old), and yearlings 532 

(>1 year old; Mech and Boitani, 2003).  However, our study revealed that packs in their first 533 

and second year were of similar size, and pack size increased only from the third year of 534 

breeding onwards. This indicates that breeding pairs may require more time to adapt to a 535 

new environment and/or suffer from high mortality during the first years of recolonisation. 536 

 537 

The estimated population density of wolves (4.19 ± 0.49 individuals /100 km2) represents 538 

the first published estimate for the Central European population. This value is comparable 539 

with those reported from the Polish Carpathians (3.3 - 5.1; Smietana and Wajda, 1997) and 540 

Northern Apennines (4.7; Apollonio et al., 2004) but lower than recent estimates from the 541 

Romanian Carpathians (2.35; Iosif et al., 2025), north-western Poland (1.2; Mysłajek et al., 542 

2018) or Spain (2.5; Jiménez et al., 2023; López-Bao et al., 2018). However, studies vary in 543 



their methodological approach, the robustness of their analyses, and whether they calculate 544 

the value for the whole study area or only the areas occupied by packs. Our value is in the 545 

higher end of the reported range because it refers exclusively to areas permanently occupied 546 

by packs (i.e., excluding areas occupied by pairs or single territorial wolves). On the other 547 

hand, it does not account for dispersing wolves, which may be detected through non-548 

invasive genetic sampling, as our calculations were based on the number of pack members 549 

in late summer and winter.  550 

 551 

Known mortality of Czech wolves was predominantly anthropogenic, with traffic collisions 552 

representing the most frequent cause, similar to findings from Germany and western Poland 553 

(Nowak and Mysłajek, 2016; Reinhardt et al., 2019). The relatively high proportion of 554 

dispersers among traffic deaths contrasts with the absence of detected dispersers among 555 

illegally killed wolves, although the sample size was small and many poaching events were 556 

likely undetected (Nowak et al., 2021; Sunde et al., 2021). Juvenile and subadult wolves had 557 

lower survival rates than adult wolves in Germany (Planillo et al., 2024) and dispersers 558 

suffered higher mortality than resident wolves in packs in Spain (Blanco and Cortes, 2007). 559 

Cases of illegally killed wolves were recorded only rarely in the Czech Republic, as well as 560 

cases of natural mortality. 561 

 562 

The overall positive trend of the Czech wolf population is remarkable, given its sporadic or 563 

even complete absence from parts of the country in previous decades (Kutal et al., 2016). 564 

However, our analysis of demography and population dynamics revealed a 10-year delay in 565 

recovery for the Central European population compared to Germany and Poland and an 566 

additional 6-year delay for the Carpathian population as well as relatively small packs 567 

during the first two years after establishment. This suggests that the recovery may have been 568 



influenced by the changing preferences within the Central European population to different 569 

environmental conditions and anthropogenic mortality, either legal (i.e. killing of wolves in 570 

neighbouring Slovakia for the Carpathian population), illegal, or a combination of all. With 571 

the wolf protection status in the EU having been downgraded from strictly protected to 572 

protected (Kutal et al., 2025), there is a non-negligible risk that killing—now no longer to be 573 

justified on an individual basis—becomes liberalized and threatens the long-term recovery 574 

of this population. In this context, the integration of genetics, camera trapping, telemetry, 575 

and field surveys, combined with substantial support from citizen science, which our study 576 

has presented, can provide monitoring information that is vital for the conservation of this 577 

expanding population. 578 

 579 
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