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I. INTRODUCTION 
Species such as the wolf Canis lupus are key to maintaining the balance of ecosystems, which is why 

their long-term conservation is of particular importance. Once ubiquitous in North America and Eurasia, its 

range is now dramatically reduced due to intense human persecution. Studies on its ecology started in North 

America in the first half of the 20th century (Murrie 1944; Mech 1970) and later in Europe (Zimen & Boitani 

1975; Boitani 1992). The use of telemetry provides valuable information on the ecology of the species.  

In Bulgaria, the wolf population was reduced to a critical minimum in the 1960s and 1970s with a 

population of 100-130 ind. The species is included in the Red Data Book of Bulgaria as vulnerable due to 

overexploitation (Spiridonov, Spasov 1985). By the early 2000s the population was gradually recovering. 

According to the updated edition of the Red Data Book (Spiridonov, Spasov, 2015), the number of wolves in 

the country is about 800 ind. and the species remains in the vulnerable category (V). There is some disharmony 

in our legislation regarding the wolf. While in the Biodiversity Act it is under a regime of protection and 

regulated use by nature, according to the Hunting and Game Conservation Act, the species is subject to year-

round hunting without quotas or other restrictions. An Action Plan for the European wolf (Canis lupus) in 

Bulgaria was adopted in July 2022 (Tsingarska-Sedefcheva et al. 2022), valid until 2031.  

The wolf population in Bulgaria and in neighbouring countries is particularly valuable because of its 

high genetic diversity. Wolves in Bulgaria have the highest number of haplotypes (N=10), compared to the 

Dinaric, Carpathian and Caucasian regions (Šnjegota et al. 2023). However, the species remains poorly studied 

in this country and on the Balkans. This provides an opportunity to speculate on its status and is the basis for 

the adoption of inappropriate management policies leading to an uncertain future for the population. 

Knowledge of the spatial needs of species with extensive habitat requirements and long-distance dispersal is 

particularly important for conservation. This knowledge should be used to prevent fragmentation and 

destruction of habitats and to take appropriate conservation measures.  

II. LITERATURE REVIEW 

A review of the literature related to research on the biological and ecological characteristics of the wolf, its 

spatial and social structure, activity, habitat use and the species dispersal patterns, as well as its behavior in 

the presence of anthropogenic food resources is presented. A review of the methods used to study the 

species is made, with an emphasis on telemetric and population-genetic studies, which are currently lacking 

in the country but are of key importance in the study of highly mobile and secretive species. 

III. AIM AND OBJECTIVES 
The aim of this work is to investigate the spatial structure and habitat use of the wolf in Southwestern 

Bulgaria, patterns of dispersal, and strategies for using anthropogenic food sources. 

 

Objectives 

1. To determine the size of individual home ranges and pack territories of wolves in Southwestern 

Bulgaria, as well as seasonal differences in pack territory size and use.  

2. Studying the diurnal activity of individuals tracked by telemetry. 

3. Studying habitat use and preference for certain habitats by telemetry-tracked individuals. 

4. Studying the species dispersal patterns through telemetry and by establishing kinship relationships. 

5. To determine wolf pack size and group cohesiveness across seasons. 

6. Studying wolf behavioral strategies in the use of anthropogenic food sources. 
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IV. Material and Methods 

IV. 1. Working areas 

The study was carried out mainly in Southwestern and Western Bulgaria, in Pirin, Maleshevska, Rila 

and Kraishte mountains. To study the wolf behavior in the presence of anthropogenic food sources, work has 

been carried out in Pirin Mts., in Kraishte, and in Western Rhodopes (Devin area). The study of wolf dispersal, 

by establishing kin relationships, was carried out for the whole country’s territory, by opportunistic sampling 

from all areas of its distribution. 

There is a permanent wolf presence in the working areas. Working in the two highest mountains in the 

country provides an opportunity for research in an altitudinal aspect. Major human activities in wolf habitats 

are forestry practices, hunting, hiking, and livestock grazing. The roe deer Capreolus capreolus and the wild 

boar Sus scrofa are present in all the working areas. The fallow deer Dama dama is present only in the Smitli 

and Devin State Forestries (SF). The Balkan chamois Rupicapra rupicapra balcanica inhabits the high parts of 

Pirin, Rila and Devin. Red deer Cervus elaphus - Rila and Devin. In Pirin, Rila, and Devin area, besides the wolf, 

the brown bear Ursus arctos is also permanently present.  

 

IV. 2. Methods used 

In the present work, a combined approach was used to study the species using complementary 

methods (Blanco & Cortéz 2007; Liberg et al. 2012; Mysłajek et al. 2018). Field data collection was carried out 

by telemetry, tracking in snow and mud, simulated howling, and installation of camera traps. Samples for 

subsequent genetic analysis were collected from dead wolves and from scats across the country, as well as 

from the individuals captured for the purpose of equipping them with transmitters. 

 

IV. 2. 1. Telemetry 

 Capturing of individuals and equipping them with transmitters 

Between March 2003 and April 2023, a total of 10 wolves (6 males, 2 females and 2 of unknown sex) 

were captured, three of which escaped from the traps before the team arrival. Between 2005 and 2023, seven 

individuals were fitted with transmitters (Table 1). The first 3 individuals (WM1, WF1, and WM2) were fitted 

with Telonics MOD-500 radio collars (Telonics Inc., Messa, AZ, USA) and the last four (WM3, WM4, WF2, and 

WM5) were fitted with Vertex Lite GPS collars (Vectronics Aerospace GmbH, Germany).  

Data collection from radio transmitters. Wolves are located 1 - 5 days a week. MapSource 6.16.3 

software (1999 - 2010 Garmin Ltd.) was used to triangulate azimuths. The wolves’ activity was recorded at each 

record of the signal and by conducting sessions for its hourly registration, with the assessment based on 336 

records for WF1 and 312 for WM2. The data were processed and presented at 2-h intervals.  

 Data collection from GPS transmitters. The data is sent via a communication system (GSM module or 

Iridium (satellite)) and is obtained using specialized software "GPS Plus X". The GPS transmitters are set to 

record locations every 6 hours (WM4 and WF2) or every 5 hours (WM5). Activity data for individuals is obtained 

via the built-in activity sensor. It’s been analyzed using specialized software "Activity Pattern" (Vectronics 

aerospace GmbH, Germany). Due to problems with the collars, activity data were obtained only from WM4 

(recordings every 5 min), for a short period (28. 10. - 05. 12. 2017). The analysis was based on 10567 recordings 

at both 2-h and 30-min intervals for a more detailed assessment. 

During the tracking of individuals, places of their locations (especially clusters of locations) were visited 

in order to collect additional data. 
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Table 1. Data on individuals captured and equipped with transmitters. 
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WM1 Kasmeta М 9 -- 30 27.03.2005 08.05.2005 12 42 Working 

WF1 Siva Ж 1 25 -- 19.04.2006 22.01.2007 76 278 Working, but 

not found 

WM2 Tipik М 1,5 37 42 18.09.2008 28.11.2009 91 435 Working 

WM3 Harka М 0,7 29 40 28.11.2015 18.11.2017 2** 0 Not working 

 Vucho М 3 36.7 34.5 28.10.2017 19.04.2018 526 173 Working 

WF2 Vuchica Ж 2 23 -- 13.05.2020 18.11.2020 881 189 Destroyed, 

undiscovered 

WM5 Dar М 4-5 -- -- 18.04.2023 28.02.2024 1442 316 Low battery 

* Weight when reweighing the individual dead 

**Location of capture and location of shooting of WM3 

 

IV. 2. 2. Other field methods – snow-tracking, simulated howling, camera traps 

Snow-tracking. This method was used to determine the presence of packs in the working areas and 

their size, the wolves' preferred movement routes, and for the collection of additional data on individuals 

tracked by telemetry. 

Simulated howling. Simulated howling is applied to record the presence of wolf packs in the working 

areas and their successful breeding. Also to locate pack homesites/rendezvous sites (Gese 2001), and to 

establish the social status of tracked individuals. The method was applied according to the protocol of 

Harrington & Mech (1982), primarily during the pup-rearing period (July-September) when wolves are most 

likely to respond to provocation by simulated howling.  

Camera traps. Camera traps are included in the field methods from 2017: 1. When planning wolf 

trapping activities and equipping with a transmitter; 2. For collecting species population data in the working 

areas; 3. For collecting additional data on individuals tracked with telemetry. 

Devices have been installed on roads and trails, with established use by wolves in operating mode 10 

- 15 sec video clips with no pause between activations. Information on the camera traps operation in the 

working areas is included in Table 2.  

 

Table 2. Data on camera trapping and number of wolf registrations. 

Period (years) 
Working 

area 

Number of 

camera 

traps 

Number of 

stolen/damaged 

devices 

Total number of active 

trap-nights 

Number of wolf 

registrations 

2017 - 2018 Rila 7 4 424 6 

2022 Kraishte 4 2 165 6 

2020 Pirin 6 0 275 2 

2022 -2024 Pirin 14 2 2607 106 
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IV. 2. 3. Data analysis  

Determining the size and use of individual home ranges and pack territories  

The received GPS collar data were prepared for analysis in GIS by initially removing GPS positions with 

missing values (NA) and locations with a DOP (dilution of precision) value > 6 (Vorel et al. 2024).  

Pack territories and individual home ranges of tracked individuals were analyzed using the Open JUMP 

GIS 1.14.1 program (Steiniger & Hunter 2012). Minimum convex polygon (MCP) (Mohr 1947) and Kernel 

density estimation (KDE) methods (POWELL 2000) were used to determine their sizes. ArcGIS Desktop ver. 10.8 

was used for data processing and area calculation. 

Seasonal territory use (MCP 100% and KDE 50%) was calculated for WF1, a young female, member of 

Rabish pack (2006) and for WM5, a breeding male, member of Zlata pack (2023). Seasons were defined based 

on the biological year (cycle) for the species: a) summer, 1 May - 30 September - birth and pup rearing period; 

b) winter, 1 October - 30 April - nomadic period for the pack (Ballard et al. 1997, Roffler et al. 2024).  

The overlap of some territories was calculated: 1. WF1 (Rabish pack) and WM1 (father of WF1); 2. WF1 

(Rabish pack) and WM5 (Zlata pack), which were using the same area in different years. 3. The individual home 

range of the dispersing female WF2 and the pack territories of WF1 and WM5. Calculations were made in QGIS 

ver. 3.34 with the tool Union (multiple). 

  

Habitat Use Analysis  

The analysis was performed in QGIS ver. 3.34. The presence of the different habitat types within the 

pack territories/individual home ranges of individuals was assessed - second order of selection (Jonson 1980). 

Habitat preference - third-order selection (Jonson 1980) was assessed using Jacobs' selectivity index (Jacobs 

1974). 

Corine land cover data from the period of the field research were used:  

• Corine ver. 2006 for wolves captured and tracked between 2005 and 2009. 

• Corine ver. 2018 for wolves captured and tracked between 2017 and 2024. 

 

Habitat use according to altitude 

For this analysis, the altitude of each location of the tracked individuals was taken. Locations from all 

individuals are between 200 and 2649 m asl. Five altitudinal zones were defined: 1. 200 - 600 m; 2. 600 - 1000 

m; 3. 1000 - 1400 m; 4. 1400 - 1800 m; 5. 1800 - 2649 m. Proportional participation of the individuals’ locations 

in the defined five zones was calculated.  

The distribution of the regrouped land cover types into 4 classes (data from Corine land cover ver. 

2020) according to altitude in the territories of all individuals was assessed. The polygons of all wolves (MCP 

100%) were merged into a common layer with the elimination of overlap between them. The altitude data 

were obtained from a digital relief model obtained from SRTM, and were also reclassified into the indicated 

above 5 altitude zones. The reclassified land cover and relief layers were cut along the boundaries of the 

merged MCP polygon and intersected with the function Intersect. Statistics on the participation of land cover 

types in the different altitude zones were extracted from the resulting layer. The analysis was performed in 

ArcGIS. 

Determine pack size and family group cohesion by month 

Pack sizes in the working areas were determined by snow tracking and camera trapping between 2006 

and 2024. Data were taken from the winter period, when wolves move most frequently together (Benson & 

Patterson 2014), excluding records of single and pairs of wolves (Mech 1973). The average observed size of a 

pack in a season should be taken as a minimum because of the possibility that some individuals in the group 

were not recorded. 
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The number of wolves moving together according to month was recorded with camera traps in the 

period 2017 - 2024. The number of wolves moving together by month was analyzed, comparing winter and 

summer seasons.  

 

IV. 2. 4. Analyses of the species dispersal 

Analysis of dispersal by telemetry 

 Two individuals (WM4 and WF2) were determined to be dispersing at the time of capture, and two 

others (WF1 and WM2) were pack members at their capture but subsequently became dispersers. For this 

period a subscript "disp." is added to their codes, namely WF1disp, WM2disp 

Any temporary travel (≥ 5 km) outside the boundaries of the pack territory is defined as extrateritorial 

travel (recorded with WM2). These trips were excluded from the analyses about dispersal, and the period in 

which they occurred was defined as intermediate (pre-dispersal). The longest distance of dispersal for the four 

dispersing individuals was measured as a straight line between the centre of the core area of the natal pack 

home range or the capture site and the furthest location at which a given individual was recorded. The analysis 

was performed in ArcGIS Desktop ver. 10.8.  

Analysis of dispersal by determination of kinship ties 

 The study of wolf dispersal in the country and population connectivity in the different mountain 

regions was carried out by establishing kinship ties between individuals using genetic analyses. Between 

January 2002 and February 2013, a total of 166 samples were collected to extract genetic material. DNA 

extraction, genotyping and analyses were carried out at the Museum and Institute of Zoology of the Polish 

Academy of Sciences. Laboratory protocols are described in detail in Moura et al. (2014). 

The study included 140 samples subjected to kinship analysis (135 tissue and 5 excrements). A 257 bp 

fragment of the mitochondrial DNA (mtDNA) control region and 14 microsatellite loci were analyzed: FH2001, 

FH2010, FH2017, FH2054, FH2079, FH2088, FH2096 (Francisco et al. 1996), C213, C250, C253, C436, C466, 

C642 (Ostrander et al. 1993), AHT130 (Holmes et al. 1995), and VWF (Shibuya et al. 1994). The software Cervus 

3.0 (Kalinowski et al. 2007) and Kingroup (Konovalov et al. 2004) were used to reconstruct the relationships. 

The pairwise relatedness coefficient (r) was estimated between all individuals, using Kingroup, through the 

algorithm of Queller and Goodnight (1989). For each level of relatedness, the number of kin groups, the mean 

number of individuals in a group, and the standard deviation (SD) and mean values of r (SD) were calculated 

for all groups with a given level of relatedness (Table 4). 
 

Table 4. Number of kinship groups by level of relatedness, mean number of individuals per group and SD, mean level of 

relatedness in kinship groups and SD. 

Degree of kinship Number of 

kin groups 

Mean number of 

individuals per group (SD) 

Mean level of relatedness in 

kin groups (SD) 

Parent - offspring 8 2.125 (0.35) 0.52 (0.13) 

Brothers/sisters 29 2.62 (0.98) 0.53 (0.18) 

Half - brothers/sisters 34 3.53 (1.86) 0.35 (0.18) 

Cousins 13 10.69 (4.55) 0.18 (0.19) 
 

For the present analyses, only the first- and second-level kinship groups were used. Five individuals fell 

only into the third level of relatedness and were therefore dropped from the analyses. Five groups with first 

and four with second level of kinship were excluded. These include zoo individuals (6 ind.), individuals 

identified as dogs (3 ind.) and individuals with unknown coordinates (1 ind.). There are 125 individuals 

remaining in the analysis for the species dispersal in the country.   

For 13 individuals with first-level of relatedness grouped into 8 groups, the parent-offspring 

relationship was confirmed (Table 4). 
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Table 5. Number of samples collected from different regions in the country. 

Mountain area Number of samples 

Western Stara Planina Mountain 8 

Central Stara Planina Mountain 14 

Kraishte 17 

Osogovo-Belasishka mountain range (Osogovo, Vlahina, Maleshevska and 

Ograzhden mountains) 

18 

Rilo-Rhodope Range (Vitosha, Verila, Rila, Pirin, Slavyanka, Western Rhodopes, 

Eastern Rhodopes) 

56 

Sakar and Strandzha 15 

Northern Bulgaria (Danube Plain - Svishtovsko, Ludogorie) 2 

Total 130 

*The table also includes the five individuals falling only in the third degree of kinship, which were subsequently dropped 

from the analyses. 

 

29 groups with first level of relatedness were obtained - between 2 and 6 individuals per group (total of 76 

individuals), and 34 groups with second level of relatedness - between 2 and 8 individuals per group (total of 

122 individuals). 

The spatial analysis was performed in ArcGIS ver. 10.8. The straight line distance between the 

registration points of any two individuals in a kin group (first and second level) was calculated.  

For individuals with first-level of relatedness, between which the distance is ≤ 15 km, no dispersal was 

assumed because the diameter within which they are located corresponds to the sizes of the pack territories 

according to the present work (mean 145.4 km2 (MCP 100%) and mean 165.6 km2 (KDE 95%)). When a distance 

of ˃ 15 km is found between individuals of a group, it is assumed that dispersal is present. Estimated distances 

are divided into: 1. 15 to 40 km; 2. 40 to 100 km; 3. Over 100 km. 

Groups where there is no dispersal between two or more individuals (assumed to be located within the pack 

territory) and one or more individuals are ˃  15 km from the others, have been recorded. The latter are assumed 

to have dispersed from the pack territory and their dispersal distance is calculated. The pack territory was 

calculated with a minimum convex polygon (MCP) defined with the Minimum Bounding Geometry tool. The 

dispersal distance was calculated as a straight line from the geometric center of the minimum convex polygon. 

If the individuals assumed to be located in a pack territory are only two, the midpoint of the connecting straight 

line is taken as the beginning of the dispersal distance.    

 

Crossing linear infrastructure with potential barrier effect. GIS data for first-class roads of the national 

road network and motorways were used to identify the passage of linear infrastructure with potential barrier 

effect. The data source is the GIS portal of the Road Infrastructure Agency (https://api.bg/bg/gis.html). Of the 

first-class roads, those with a traffic volume of more than 2,200 vehicles/day, by 2010, according to the Road 

Infrastructure Agency (http://ipm.api.bg/AvtomobilnoDvijenie.html), were considered. To determine the 

cumulative barrier effect, a barrier layer for the species was added, which has been developed as part of the 

general wolf report within the project "Mapping and determination of the conservation status of natural 

habitats and species - Phase I" (MoEW). Cases involving crossing of first-class road infrastructure are considered 

jointly between first- and second-level related individuals, as some of the cases overlap, i.e. in some cases the 

same individuals fall into first- and second-level kinship groups. 

The connectivity of the wolf population between mountain ranges separated by first-class roads and 

highways is examined, taking into account the cumulative effect of additional barriers on the species. 

Connectivity between mountain ranges separated by first-class road infrastructure was estimated by the 

number of passes recorded during dispersal of individuals. Fig. 4 presents the collected samples from the 

country included in the kinship analyses (130 samples). 
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Fig. 4. Collected samples from the country included in the kinship analyses 

 

IV. 2. 5. Study of wolf behaviour in the presence of anthropogenic food sources  

The study was conducted in three working areas, each with one existing site with carcass (carrion) 

feeding for different purposes: 1. Rakitna (SF Smitli); 2. Gradeshnitsa (SF Kresna) ; 3. Devin (SF Devin). A control 

area (SF Trun) has been defined (see section IV. 1.) for comparison of the species' diet in the working areas. 

 

Numbers/densities of wild and domestic ungulates in working areas. For the purposes of the study, up-

to-date information on the abundance of wild ungulate populations was provided by the State Forestries (SF) 

in the working and control areas. Densities were calculated based on the area of the forest land in the 

respective State Forestry (Table 6). 

 

Table 6. Numbers and densities (ind./km2) of wild ungulates in the SFs in the working and control areas. 
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Simitli 346 2022 325 0.94 218 0.63 8 0.02 - - 4 0.01 

Kresna 219.5 2022 164 0.75 98 0.45 - - - - - - 

Devin 50.7 2022 250 4.93 52 1.03 53 1.04 35 0.69 - - 

Tran 378.4 2022 780 2.06 383 1.01 - - - - - - 

 

A reference on the types and number of pasture-raised domestic animals in the municipalities of the working 

and control areas for 2022 was taken from the website of the Bulgarian Food Safety Agency 
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https://bfsa.egov.bg/wps/portal/bfsaweb/home/bfsa.for.business/document.speciments.for.famers/referenc

e-37-3/reference-37-3 (Table 7). 

 

Table 7. Number of pasture-raised domestic animals in the working areas and the control area. 

Municipality area (sq. km) year cattle sheep/goats horses Total 

Simitli 553 2022 2827 9997 146 13032 

Kresna 344.55 2022 1205 6864 14 8083 

Devin 575 2022 852 5672 297 6824 

Tran 573.46 2022 970 1981 83 3054 

 

Carrying out the observations, data processing and analysis 

 A camera trap was set up at each of the three feeding sites to record wolf visits, frequency and 

behaviour of individuals. Information on observation periods, number of active camera trap-days, and number 

of records is presented in Table 8. 

 

Table 8. Periods of observation and registrations in working areas. 

District Period of observation Total number of 

camera trap-days 

Total number of 

registrations 

Rakitna June 2022 - March 2023 153 371 

Hradeshnitsa January - June 

2022 

January - March 2023 220 31 

Devin May - October 

2022 

December 2022 - August 

2023 

222 19 

 

Focal sampling was used to record the behaviors, i.e. the behavior of each individual was recorded 

regardless of the number of individuals in the frame. A catalog of the observed behavior categories was 

prepared for the needs of the study (Table 9). 

 
Table 9. Categories of observed behaviours in the presence of anthropogenic food sources. 

Behaviour category Description Code 

Staying/ passing Moving and staying at the feeding site in a calm state SP 

Exploratory Behavior Sniffing and looking around without showing anxiety 

 

EB 

Vigilant Behavior Looking around, listening, running away. Showing 

anxiety 

VB 

Feeding Behavior Approaching food, sniffing food, picking up/carrying 

food, eating 

FB 

Marking Behavior Marking with urination and/ or scratching MB 

Resting Sit, lie, rest R 

Social Behaviour Interaction between individuals of the species: displays 

of friendly or agonistic behaviour  

SB 

Interspecies interactions Chasing of one species by the other II 

 

The distribution of behaviour categories is also given by part of the day (daylight/dark) for each of the 

observation sites.  

 

https://bfsa.egov.bg/wps/portal/bfsaweb/home/bfsa.for.business/document.speciments.for.famers/reference-37-3/reference-37-3
https://bfsa.egov.bg/wps/portal/bfsaweb/home/bfsa.for.business/document.speciments.for.famers/reference-37-3/reference-37-3
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Establish the wolf diet in the working and control areas. Around each of the three monitoring sites and 

in the control area, areas with a radius of 5 - 10 km were identified, from which 46 wolf scats were collected 

between October 2021 and June 2024 (11 scats – Rakitna; 11 scats – Gradeshnitsa; 14 scats – Devin; 10 scats 

- Tran). Laboratory procedures for scat processing were conducted according to the protocol of Reynolds & 

Aebischer (1991) and Ciucci et al. (1996). The content of food remainders was analyzed macroscopically 

(determining the bones, claws, teeth, hoof parts, hair length, etc. present in the samples) and microscopically 

(by determining the hair structure (cuticle, medulla) (Teerink 1991; De Marinis & Asprea 2006; Gharu & Trivedi 

2015; Ahmed et al. 2018) ). 

 

Statistical data analysis 

A z-test (Z Score Calculator for 2 Population Proportions) was used to test for statistically significant 

differences in the occurrence of different categories of behaviors by region, with a significance threshold of p 

< 0.05. 

V. Results 

V. 1. Pack size and group cohesion by month 

In the course of the study, the size of packs in the working areas was recorded by snow tracking (2006 

- 2024) and with camera traps (2017 - 2024). 

 

Table 10. Size of registered packs by region 

Area Pack name Tracked 

individual , 

member 

of the 

group 

Winter 

season (1 

October - 30 

April) 

Month Method Number 

of indivi-

duals 

Average 

pack size 

Pirin Rabish WF1 2005 - 2006 April snow 5 5 

Pirin Etipica WM2 2008 - 2009 February snow 4 4 

Pirin Etipica 
 

2008 - 2009 February snow 4 

Rila Dobarsko 
 

2017 - 2018 October camera trap 9 7 
 

Dobarsko 
 

2017 - 2018 November camera trap 5 

Kraishte Stanjovci 
 

2021 - 2022 February snow 4 4.3 
    

February camera trap 4 
    

February camera trap 5 
    

March camera trap 4 

Kraishte Valcha 

poljana 

 
2022 - 2023 February snow 3 3 

Pirin Zlata 
 

2021 - 2022 March camera trap 3 3.3 
    

March camera trap 4 
    

April camera trap 3 
  

WM5 2022 - 2023 February camera trap 4 3.7 
    

March camera trap 3 
    

April camera trap 4 
   

2023 - 2024 October camera trap 3 3.7 
    

October camera trap 4 
    

November camera trap 4 
    

December camera trap 3 
    

January camera trap 4 
    

February snow 4 
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March camera trap 4 

   
2024 - 2025 October camera trap 3 3 

Pirin Rakitna 
 

2022 - 2023 December camera trap 3 5.8 
    

December camera trap 7 
    

February camera trap 6 
    

March camera trap 7 
   

2024 - 2025 November camera trap 5 5 

Pirin Gradeshnica 
 

2022 - 2023 November camera trap 4 4.3 
    

January camera trap 4 
    

January camera trap 4 
    

January camera trap 4 
    

March snow 4 
    

April camera trap 6 

 

The mean value for the minimum average size of packs in the working areas is 4.3 individuals. 

 

Pack cohesion by month. The number of wolves moving together by month was recorded using camera 

traps. The total number of registrations in the working areas Pirin, Rila and Kraishte is 124. In the winter period 

(1 October - 30 April) there were 75 registrations and in the summer period (1 May - 30 September) - 49 

registrations. In Fig. 5 the registrations of the number of wolves moving together are presented by month.  

 

 
Fig. 5. Records of number of wolves moving together by month 

 

Solitary wolves were recorded in all months. In the summer period (May-September), registrations are 

of only one or two, and less frequently three wolves together. The registration of 5 individuals in August was 

of a group of two adults with three pups. More than 3 wolves together were recorded in all months of the 

winter period (October - April). 

 V. 2. Social status of individuals tracked by telemetry and kinship ties  

In the course of this work, a total of 7 wolves (5 males and 2 females) were fitted with transmitters and 

tracked by telemetry. For the male captured in Vitosha (WM3), only the location and date of capture and the 

location and date of shooting are available due to a failure in the transmitter electronics (Fig. 6). 
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Fig. 6. Tracking areas of all individuals subjected to the present study 

 

The combined approach (the use of different methods) made it possible to establish the social status 

of the monitored individuals. Kinship ties were established by genetic analyses for relatedness conducted at 

the Polish Academy of Sciences. 
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The genetic analyses found that WM1 is the father of WF1 and both wolves are related only to 

individuals from the same area. WM1 is likely to have been born in or near the area, and this is certain for 

WF1. Male WM2 is not related to wolves from Pirin, but to individuals from Middle and Eastern Rhodopes, 

Central Stara Planina Mountains and Kraishte (third level of relatedness (0.125). 

WF1 and WM2 are pack members (snow-tracking of 5 and 4 individuals, respectively) and retain this 

status for the first 7 and 6.5 months after being fitted with transmitters. Later both wolves became dispersers 

and, given their behavior, remained dispersing until the end of their tracking. 

The WM1 male adhered to the periphery of the local pack territory (the pack of WF1) and responded 

alone in a simulated howling session. The individual was assumed to be separated from his pack due to his 

age. 

WM3 was 7-8 months old at capture and is assumed to have been a member of his natal pack at that 

time. He was killed two years later 15 km south of his capture site, a distance consistent with the established 

pack territory sizes in this work. The wolf was either within the boundaries of the natal pack or in close 

proximity outside its boundaries. 

No family group affiliation has been established for WM4. The male was not recorded with the family 

group captured by camera traps in the area. Through snow-tracking in November and December 2017 and 

January 2018, it was found that the wolf was moving alone. In March and April 2018, WM4 was tracked 

together with another individual.  

WF2 was probably a member of a family group when captured. There were tracks of at least three 

wolves on the trap-line road. The female remained in the area of the local pack for the next three weeks, but 

was not recorded by camera traps with the wolves, from the area. Additional data collected (visits of locations’ 

clusters and camera trap footage) as well as the size of her individual home range confirmed that WF2 was a 

disperser at the time of tracking. 

WM5 was captured in the territory of a pack in which the wolf is the breeding male. This is evidenced 

by his movement behaviour during the pup rearing period by telemetry data and camera trap data.  

 

V. 3. Individual home ranges and pack territory sizes 

 

V. 3. 1. Size of pack territories 

Three of the tracked individuals were pack members when captured (WF1, WM2, WM5), while three 

were wandering/ dispersers (WM1, WM4, and WF2). The two young wolves WF1 and WM2 captured as pack 

members eventually dispersed, and data from this phase of their lives were analyzed separately.   

The size of the 3 pack territories (WF1 - Rabish pack, WM2 - Etipica pack and WM5 - Zlata pack) was 

established. The tracking periods of the three individuals with their packs were 207, 212 and 316 days, 

respectively. The sizes of the three territories of WF1, WM2 and WM5 are 93.1, 139.7 and 203.3 km2 (MCP 

100%) (mean 145.4 km2 ) and 131.7, 243.4 and 121.7 km2 (KDE 95%) (mean 165.6 km2 ), respectively. The core 

areas are 35, 59.9 and 30.5 km2 (KDE 50%) (mean 41.8 km2), respectively, and their percentage of the total 

area (MCP 100%) is 37.6%, 42.9% and 15%, respectively (Figs. 7, 8 and 9). 
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Fig. 7. Territory of Rabish pack (MCP 100%, KDE 95% and KDE 50%) established by tracking a non-breeding female 

WF1 

 
Fig. 8. Territory of Etipica pack (MCP 100%, KDE 95% and KDE 50%) established by tracking a non-breeding male 

WM2 

 

 
Fig. 9. Territory of Zlata pack (MCP 100%, KDE 95% and KDE 50%) established by tracking a breeding male WM5 
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V. 3. 2. Home range sizes of dispersing individuals 

Individual home ranges were determined for one individual wandering on the periphery of its family 

group (WM1) and three individuals in a period of dispersal (WM2disp, WM4 and WF2). The male WM1 was 

tracked for a short time (42 days). Female WF1disp. undertook directional dispersal after leaving her natal pack. 

In the last month of her tracking, she stayed in an area in the Southern Pirin Mts., and the area of this home 

range was also determined. WF1disp. was tracked for 71 days after her dispersal, and the three remaining wolves 

(WM2disp., WM4 and WF2) were tracked for 223, 173 and 189 days, respectively. The home range sizes of the 

individual WM1 and WF1disp.  were 10.3 km2 and 29.27 km2, respectively (MCP 100%) (Fig. 10). These sizes are 

not included in the home range averages given for the last three individuals, as WM1 and WF1disp. were tracked 

over short periods, with a small number of locations. The three remaining wolves roamed extensive areas 

during their tracking period, but persisted in permanent areas without undertaking directional dispersal. A 

description of their movements is presented in Section V. 8. 1.  The estimated sizes of the individual home 

ranges of WM2disp., WM4 and WF2 are 299.2, 1305 and 676.4 km2 (MCP 100%) (mean 760.2 km2) and 425, 

649.4, 426.9 km2 (KDE 95%) (mean 500.4 km2), and their core areas (WM2, WM4, and WF2) are 96.3, 115.2, 

and 78.1 km2 (KDE 50%) (mean 96.5 km2) (Fig. 11, 12, and 13).  

 
Fig. 10. Home range of male WM1 (MCP 100%) in the periphery of the Rabish pack. Dispersal of female WF1disp. 

and home range in the last month of her dispersal (MCP 100%) 

 
Fig. 11. Individual home range of WM2disp. (MCP 100%, KDE 95% and KDE 50%) after his final dispersal from the 

natal pack 
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Fig. 12. Individual home range of WM4 (MCP 100%, KDE 95% and KDE 50%) 

 

 
Fig. 13. Individual home range of WF2 (MCP 100%, KDE 95% and KDE 50%) 

 

Table 11 presents the tracking periods of individuals, the established sizes of pack territories and 

individual home ranges, and the estimated dispersal distances of WF1disp., WM2disp., WM4, and WF2. 

Table 11. Data obtained from tracking of wolves equipped with transmitters.  

Wolf Pack Tracking 

period 

Total 

num-

ber of 

locati

ons * 

Pack territory size (km2) Maxi-

mum 

distance 

of 

dispersal 

(km) 

Home range at dispersal 

(km2) 

 
 (days) (n) MCP 

100% 

KDE 

95% 

KDE 

50 % 

 MCP 

100% 

KDE 

95% 

KDE 

50 % 

WM1 -- 42 12 -- -- -- -- 10.3**  -- 

WF1 Rabish 207 68 93.1 131.7 35 -- -- -- -- 

WF1disp -- 71 8 -- -- -- 34.2 29.27● -- -- 

WM2 Etipica 212 30 139.7 243.4 59.9 -- -- -- -- 

WM2disp -- 223 46 -- -- -- 31.9 299.2 425 96.3 
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* Total number of locations used in the analyses (after removing locations without coordinates, with DOP ˃ 6 and locations in the 

post-capture period (from a few hours to a few days).  

** In WM1 there is no dispersal but wandering in the periphery of the pack territory. 

WF1disp, WM2disp. - for the period in which both individuals are in dispersal "dispersal" with a subscript is added to their codes. 

● A home range in which WF1disp. stayed in her last month of tracking. 

 

V.4. Seasonal use of pack territories  

For the female WF1 (Rabish pack, 2006) and the male WM5 (Zlata pack, 2023-2024), seasonal size and 

territory use (MCP 100%) and core areas (KDE 50%) were determined. The results are presented in Table 12. 

 

Table 12. Size of territories of Rabish and Zlata packs according to season. 

Wolf Pack Summer  

MCP 100% 

% * Summer  

KDE 50% 

% * Winter 

MCP 100% 

% * Winter 

KDE 50% 

% * 

WF1 Rabish 52 km2 55.85 16.4 km2 46.86 67.5 km2 69.28 16.5 km2 47.14  

WM5 Zlata 106.8 km2 52.53 8.03 km2 26.33 182.7 km2 89.87 22.3 km2 73.11 

* Percentage of annual territory size calculated with the corresponding method. 

 

The territories of the Rabish and Zlata packs are in the same area, occupied in 2006 and 2023-2024, 

respectively. For both wolves, the summer size of individual territories (MCP 100%) is just over 50% of the 

designated size of their pack territories. For the male WM5 (Zlata pack), the summer territory is at higher 

altitudes in contrast to the winter territory, whereas for the female WF1 (Rabish pack) there is no clear 

distinction of seasonal territories in terms of altitude. The summer size of the core area used by WF1 (16.4 

km2) is almost half (46.86%) of the size estimated for the entire time of the female tracking with her pack. 

Within it, the rendezvous site is located (Fig. 14. A). The summer core area size of WM5 is 8.03 km2 or 26.33% 

of its full, annual size. In addition to being small in area, it is compact and is localized in the region of the den 

and rendezvous sites (Fig. 14. B.). The winter extent of WF1 is 67.5 km2 (MCP 100%), or nearly 70% of its area 

with the pack, and the core area at this time (16.5 km2) is nearly half of its total extent. In both packs, a larger 

area of the family territory is used during the winter season. The winter area assigned to WM5 is 182.7 km2 

and covers almost 90% of the annual size of the pack territory, with its core area (22.3 km2) covering over 70% 

of its full annual size and distributed across different parts of the annual pack territory (Fig. 14. B). 

The pup-rearing areas have been localized, and a den has been located for the Zlata pack. Through 

additional fieldwork (simulated howling, visiting the sites with records of the tracked individuals, and setting 

camera traps), a difference in the pup-rearing sites of the two packs or so-called "homesites" was confirmed 

(Joslin 1967).  

During visits to WM5 locations, the natal den and the pack rendezvous site were located (Fig. 14. B). 

The den was empty at the time of the visit. In the last days before the visit, transmitter data showed a new 

cluster forming at a distance of about 300 m from the found den, where the pups were probably relocated. A 

camera trap was set up in the area (about 600 m from the den), and in June and July the male WM5 was 

recorded with a non-breeding (probably young) female carrying food towards the den. The rendezvous site is 

located approximately 3 km from the den at an altitude of 1900 - 2000 m.  

 

WM4 -- 173 489* -- -- -- 44.2 1305 649.4 115.2 

WF2 -- 189 641* -- -- -- 33.8 676.4 426.9 78.1 

WM5 Zlata 316 1252* 203.3 121.7 30.5 -- -- -- -- 
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А  

Б  

Fig. 14. А. Territory size and use by season for WF1 (Rabish pack). Б. Territory size and use by season for WM5 (Zlata pack) 

 

V. 5. Overlapping territories 

The degree of overlap of wolf territories inhabiting the same area provides information, on the one 

hand, about the shifting boundaries of a used pack territory and the key habitats “homesites”within it over 

time. On the other hand, overlap is an indication of close relatedness among tracked individuals (Jedrzejewski 

et al. 2007).  

 The areas and degree of overlap between wolf territories captured and tracked in one area are shown 

in Table 13.  
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Table 13. Degree of territories’ overlap of WM1, WF1, WF2, and WM5 captured in one area and tracked at different 

periods. 

Indivi-

duals 

Area overlap (km2) % of 

WM1 

territo-

ry 

% of WF1 territory % of WF2 territory % of WM5 territory  

MCP 

100 

KDE 

95 

KDE 50 MCP 

100 

MCP 

100 

KDE 

95 

KDE 

50 

MCP 

100 

KDE 

95 

KDE 

50 

MCP 

100 

KDE 

95 

KDE 

50 

WM1 - 

WF1 

7.7 - - 74.97 8.26 - - - - - - - - 

WF1-

WM5 

90.5 72.16 9.3 - 97.02 54.78 27.29 - - - 44.51 59.3 30.49 

WF2-

WM5 

129.55 36.76 0.77 - - - - 19.15 8.61 0.99 63.73 30.21 2.54 

WF1-

WF2 

66 48.25 1.75 - 70.76 36.63 5.14 9.76 11.3 2.24 - - - 

 

In 2005, the old male WM1 inhabited a small area on the periphery of the Rabish pack territory 

established in 2006 by WF1 tracking (Fig. 15 a). The area overlap of the two wolves is 7.7 km2, which is the 

majority (74.97%) of the area occupied by WM1 and only 8.26% of the territory of WF1.  

The female WF1 (Rabish pack) tracked in 2006 and the male WM5 (Zlata pack) tracked in 2023-2024 

use the same area in Pirin Mts., and there is a temporal shift of pack territories. The overlap calculated by MCP 

100% is large for WF1 (97.02%) and smaller for WM5 (44.51%) (Fig. 15 a). The KDE 95% overlap is smaller in 

area (72.16 km2), with 54.78% for WF1 and 59.3% for WM5 (Fig. 15 b). The KDE 50% core area overlap is 9.3 

km2 (27.29% for WF1 and 30.49% for WM5). Both the whole area and the core area of WM5 and its pack are 

shifted northward and toward the higher mountain. The locations of both packs’ homesites confirm the 

displacement (Fig. 15c). 

The young female in dispersal WF2 was captured in the territory used by WF1 and WM5. She is 

presumed to originate from the local pack. Her home range MCP (100%) overlaps with the corresponding 

territories of WF1 and WM5 to a greater extent for them (70.76% and 63.73%) and to a lesser extent for her 

(9.76% and 19.15%) (Fig. 15 a). Her KDE 95% home range overlapped to a lesser extent for WF1 and WM5 

(36.63% and 30.21%) and to a low extent for her, 11.3% and 8.61%, respectively (Fig. 15 b). Her core area (KDE 

50%) overlapped to a very small extent with those of WF1 and WM5. For WF2 it is 2.24% with WF1 and 0.99% 

with WM5, for WF1 it is 5.14%, and for WM5 - 2.54% (Fig. 15 c). 
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Fig. 15. Territory overlap of wolves WM1, WF1, WF2, and WM5 captured and tracked in the same area at different times; 

a) calculated with MCP 100%; b) calculated with KDE 95%; and c) calculated with KDE 50% 

 

V.6. Activity 

Data on diurnal activity were extracted from three of the tracked individuals, WF1 and WM2 with radio 

collars and WM4 with a GPS collar. Due to the different data collection methods, the comparison is presented 

in sequential graphs.  

The average overall activity of WF1 and WM2 is 45% (45.1% and 44.9%, respectively). Their activity 

level is low between 14:00 and 16:00 h and increases after 18:00 h to nearly 50% by 20:00 h. WF1 and WM2 

are active in the twilight part of the day more at dawn (over 50%) and less pronounced at dusk. In the interval 

02:00-04:00 h, WF1 has the lowest activity (28.6%) and WM2 has the highest (85.7%). Between 04:00 and 

06:00 h, WM2 activity drops and WF1 activity rises to over 55%. WM2 is more active later in the morning, until 

10:00 h (up to 60.5%), when WF1 activity drops to 37.5%. Diurnal activity of WF1 increases between 12:00 and 

14:00 h (55.9%), whereas WM2 is generally not active at this time of day (27.7%) (Fig. 16). 

 

 
Fig. 16. Diurnal activity of WF1 and WM2 in % (two-hour interval) 
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WM4 daily activity data are presented as mean activity level. The analysis for a two-hour interval, between 

October 30 and December 5, 2017, is shown in Fig. 17. 

 

 
Fig. 17. Diurnal activity of WM4 expressed as mean activity level (two-hour interval) 

 

At the two-hour interval, WM4 is weakly active between 14:00 and 16:00 h with an increase after 18:00 

h, as for WF1 and WM2. WM4 remains active throughout the night with a relatively uniform level. When 

analyzed in more detail (30 minute interval) (Fig. 18), there is a slight decrease in WM4 activity between 01:00 

and 02:00 h, then an increase and activity until dawn. During daylight hours, WM4 activity decreases to a low 

beginning around 13:00 - 13:30 h. The slight drop in WM4 activity (in dispersal) around 02:00 h coincides with 

that of female WF1 (pack member). However, the decline is slight, with the wolf showing relatively constant, 

high activity until dawn. WM4's activity peaks at dawn and dusk resemble those of WF1 and WM2, with its 

dawn peak also more prominent. 

 
Fig. 18. Diurnal activity of WM4 expressed as mean activity level (30-min interval) 

 

V.7. Habitat use 

V. 7. 1. Available habitats in the individual home ranges/pack territories of the tracked individuals 

The individual home ranges/pack territories of tracked wolves include a total of 17 Corine (level 3) land 

cover classes (Fig. 19), regrouped into 5 classes (Fig. 20). Of the regrouped classes, forested areas dominate 

(average 60.97% ). These are followed by the class “Open areas, grassland and transitional woodland shrub” 

(average 33.94% ) and the class “Agricultural land” (average 4.22%). The "Urban areas" class is represented by 

the lowest percentage (mean 1.51%) with 3 of the 4 individuals in dispersal (WM2disp., WF2 and WM4) present 

mainly in their individual home ranges.  

In the regrouped class 2 "Open areas, grassland and transitional woodland shrub", the territories of 

the tracked individuals include a total of 5 Corinne land cover classes (level 3) with the highest participation of 

the class "Transitional woodland shrub " (7.4 - 16.06%, average 12.41% ), followed by "Natural grassland" (3.46 

- 29.86%, average 8.82% ), best represented in WM1 and WM2disp. home ranges. The class "Moors and 

heathland" is relatively best represented in the WF2 territory and completely absent in WF1 and WM1. The 
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"Bare rocks" class is represented in the WM2 and WF2 territories with 3.08% and 3.93%, respectively. The class 

"Land principally occupied by agriculture, with significant areas of natural vegetation" (Corinne, level 3) is also 

included in the regrouped class 2. The class is represented in all wolf territories at a rate comparable with the 

previous classes with grass and shrub vegetation (4.45 - 11.24%, average 8.3%), with the exception of WF1disp., 

after her dispersal (0.6%). 

The regrouped Class 3 "Agricultural land" includes 4 Corinne (Level 3) land cover classes (average 

4.22%) with no particular class predominating. 

The classes of the regrouped Class 4 "Urban areas" occur at low percentages primarily in the dispersing 

wolves’ home ranges.  

When all 17 classes are included in the analysis of available habitat, it is evident that coniferous forests 

account for the largest proportion of the forested areas in WM5, WF1, WM2, WF2, WM4, and WM1 (35.69 - 

62.3%, average 42.54%). Deciduous and mixed forests are represented with lower percentages in the habitats 

of all individuals with few exceptions. Within WM2disp. home range deciduous and mixed forests dominate 

(23.67% and 14.7% ), while in that of WF1disp. they are the main forest cover category represented (73.66% and 

8.23%, respectively). 

 

 

 
Fig. 19. Proportion of land-cover classes in the territories of the tracked individuals (17 Corine classes (level 3)) 
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Fig. 20. Proportion of land-cover classes in the territories of the tracked individuals (regrouped Corine classes (level 3), 

4 classes) 

 

V.7.2. Habitat preferences 

In contrast to the habitat available in the territories of individuals, the selectivity index indicates the 

degree to which a particular land cover type is preferred or avoided. 

 

Selectivity index for WM5 

WM5 (Zlata pack) shows preference for coniferous forests (0.30), while deciduous forests and 

grasslands are used in proportion to their availability (0.03). Mixed forest (-0.18), Moors and heathland (-0.21) 

and Transitional woodland-shrub (-0.24) are used relative to availability with a low negative index (Fig. 21). 

 

Selectivity index for WF1 

WF1 (Rabish pack) prefers deciduous (0.24) and coniferous forests (0.21), while mixed forests and 

natural grasslands are used in proportion to their availability (0.04 and 0.03, respectively). The remaining 

classes are avoided to a greater or lesser extent (Fig. 22). 

 

                        
Fig. 21. Selectivity index to    Fig. 22. Selectivity index  

habitats for WM5 (legend on page 24)   habitats for WF1 (legend on page 24) 

 

Selectivity index for WF1disp. 

After dispersal WF1disp. shows a preference for mixed forests (0.30) and used deciduous forests in 

proportion to their availability (-0.06). She also preferred the Transitional woodland-shrub class (0.15) (Fig. 23). 
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Selectivity index for WM2 

WM2 (Etipica pack) prefers the Moors and heathland class (0.56) and Natural grassland (0.20), as well 

as all forest habitats. The transitional woodland-shrub class is used relative to availability (-0.11) (Fig. 24). 

 

 

                       
Fig. 23. Selectivity index to     Fig. 24. Selectivity index to 

habitats for WF1disp. (legend on page 24)   habitats for WM2 (legend on page 24) 

 

Selectivity index for WM2 disp. 

WM2disp. shows a preference for Natural grassland (0.42), Mixed forest (0.14), Broad-leaved forest 

(0.09) and Transitional woodland-shrub (0.10) (Fig. 25). 

 

Selectivity index for WF2 

WF2 prefers the class Moors and heathland (0.49) and Land principally occupied by agriculture, with 

significant areas of natural vegetation (0.39), but also Mineral extraction sites (0.19). Transitional woodland-

shrub (0.05) and Coniferous forests (0.02) are used relative to their availability, as are Non-irrigated arable land 

(-0.14) and Bare rocks (-0.15). The least avoided are Sparsely vegetated areas and Natural grassland (-0.27 and 

-0.30). Of the urban areas, the class Sport and leisure facilities was not completely avoided (-0.64) (Fig. 26). 

                   
Fig. 25. Selectivity index to     Fig. 26. Selectivity index to  

habitats for WM2disp. (legend on page 24)   habitats for WF2 (legend on page 24) 

 

Selectivity index for WM4 

WM4 prefers the class Transitional woodland-shrub (0.33). Land principally occupied by agriculture, 

with significant areas of natural vegetation and Non-irrigated arable land are equally preferred (0.11). Forest 

habitats are used in proportion to their availability. Also Pastures and Complex cultivation patterns class (-0.09 

and -0.13). Moors and heathland is slightly avoided (-0.37). Of the urban areas, the class Sport and leisure 

facilities is used relative to its availability (0.01) (Fig. 27).  

 

Selectivity index for WM1 

WM1 mainly prefers Non-irrigated arable land (0.98), Land principally occupied by agriculture, with 

significant areas of natural vegetation (0.45), and Transitional woodland-shrub (0.35). Coniferous forests and 

Natural grasslands are used in proportion to their availability (Fig. 28).  
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Fig. 27. Selectivity index to     Fig. 28. Selectivity index to 

habitats for WM4     habitats for WM1 

 

Legend to habitat selectivity index graphs   

 

Forested habitats and those with other natural vegetation are preferred by pack members, but also by 

the female WF1disp.. Individuals in dispersal mainly stick to relatively more open natural and semi-natural 

habitats. 

V. 7. 3. Habitat use according to altitude  

By analyzing the proportional participation of all locations of tracked individuals in the five defined 

altitudinal zones, the habitat use by individuals in terms of altitude was obtained, as indicated in Fig. 29. 

 

 
Fig. 29. Habitat use by monitored individuals according to altitude 
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Locations of all tracked individuals were recorded in the two lowest altitudinal zones. In general, lower 

elevations are used by wandering/dispersing individuals, while pack members stick to higher elevations. The 

exception is the dispersing female WF2, which mainly uses the highest elevations. 

The proportional participation of the different land cover types in the five altitudinal zones of the 

combined MCP polygon is presented in Fig. 30. The proportional participation of the locations of all tracked 

individuals taken together is also added. 

 

 
Fig. 30. Proportional participation of different land cover types and the total number of locations of all wolves according 

to altitude 

 

In the combined MCP polygon, forest habitats (class 1) prevail - 59.5%. This is followed by habitats from 

class 2 "Open areas, grass and transitional woody-shrub vegetation" with 33.5%. The least participation is in 

territories with increased human activities - agricultural lands (class 3) and urbanized territories (class 4), 

respectively 5.3% and 1.6%. 

In the lowest altitudinal zone (200 - 600 m) land cover from class 2 prevails, followed by forest habitats. 

Agricultural lands and urbanized territories are also available with significantly smaller percentages. 3.98% of 

all locations of tracked wolves are in this altitudinal zone. In the 600 – 1000 m zone, class 1 “Forests” 

predominates, followed by class 2. Here, the participation of agricultural lands (class 3) and urbanized 

territories (class 4) is relatively the largest and the difference in the proportional participation between the 

different land cover classes is the smallest. The participation of wolf locations increases to 17.44%. In the 1000 

– 1400 m zone, forests again have the highest percentage, increased compared to the previous zone, while the 

percentage participation of the three remaining classes continues to decrease. The participation of wolf 

locations increases to 22.72% of all locations. In the 1400 – 1800 m zone, the predominance of forests is 

maintained, and the participation of the other three classes decreases. Here is the largest percentage of all 

wolf locations – 32.47%. In the highest zone 1800 – 2649 m forests give way to class 2. Agricultural lands are 
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absent, and almost the urbanized territories (0.1%). The percentage of all wolf locations remains relatively high 

(23.39%). 

In summary, the largest percentage of locations of tracked individuals is in zones with high forest cover, 

but it also increases with a decrease in the participation of Agricultural lands and Urbanized territories. 

 

V. 8. Studying the patterns of the species dispersal 

V. 8. 1. Studying the patterns and distances of dispersal by telemetry 

Dispersal patterns were determined for 4 of the tracked individuals (WF1 disp.., WM2disp., WM4 and 

WF2).  

WF1disp. left her natal pack in mid-November 2006 and is no longer registered in her natal territory. The 

female moved to the southern parts of Pirin Mts., and in the last month of tracking she stayed in an area of 

29.27 km (MCP 100%) (Fig. 10). Data on her dispersal are scarce and no definitive conclusion can be drawn on 

its pattern.  

For WM2disp., WM4 and WF2, movement in extensive areas in Maleshevska, Rila, and Pirin Mts., 

respectively was established, with no directional dispersal observed.  

WM2 was a member of the Etipica pack when it was captured. Two months after being fitted with a 

collar, the wolf began to undertake several-day trips (7 trips in total, averaging 9.4 days, SD = 4.93) outside the 

pack territory from November 2008 (Fig. 31). In this intermediate period, he was recorded crossing the road 

E79 and the railway in the Kresna Gorge from Pirin to Maleszewska Mts. and back 11 times. He finally left the 

pack at the end of April 2009. From the beginning of May until the end of November, when the wolf was killed, 

he remained in Maleshewska Mts., where he roamed an area larger than a pack territory (Mancinelli et al. 

2018). 

 

 
Fig. 31. Intermediate period and dispersal of WM2disp. 

 

WF2 was captured in the northwestern Pirin Mts., in an area inhabited by the Rabish pack (2006) and 

the Zlata pack (2023-2024), with a pack present in between, recorded by snow-tracking and camera traps. 

When captured, WF2 was moving with other wolves (tracks in mud) and therefore presumed to originate from 

the local pack. In the first month, the female stuck to the same area but was not recorded with the local pack. 

By October 2020, she returned to the area periodically, visiting a baiting site (Fig. 32). During the tracking 

period, WF2 wandered from the northernmost slopes of Pirin and the area Predela to the slopes above the 

town of Sandanski to the south. In the area of Predela visited a baiting site and an unregulated slaughterhouse, 
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established in the field during the WM4 tracking, in 2017 (Fig. 32). It briefly crossed to the Western Rhodopes 

at the town of Dobrinishte and to Rila at Predela, crossing the secondary road No. 19, but returned to Pirin. 

After data reception ceased in November, an intensive but unsuccessful search for the radio signal was 

undertaken. According to information from hunters, WF2 was killed on the baiting site in Predela and the collar 

was destroyed. Her movements during the tracking period were determined to be wandering in an area larger 

than a pack territory (Mancinelli et al. 2018). 

 
Fig. 32. Movements of WF2 and WM4 during the tracking period and visits to sites with anthropogenic food sources 
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WM4 was caught in the southern parts of Rila Mts. In the period of his tracking (October 2017 - April 

2018) the wolf moved in a large area in Southern Rila, periodically moving to Western Rhodopes and Northern 

Pirin Mts. When tracked in snow he was found to move alone. WM4 frequently visits the baiting site and the 

slaughterhouse in the area of Predela (Fig. 32). WM4 has been recorded crossing secondary roads No. 19 

(Simitli - Bansko) and No. 84 (Razlog - Velingrad) 93 times and 3rd class roads No. 842 (Yundola - Belovo) and 

No. 8434 (Yundola - connection with road 843 (Velingrad - Sarnitsa)) 6 times in total (Fig. 33). 

 

 
Fig. 33. Recorded crossings of secondary and 3rd class roads by WM4 

 

In early March and in April 2018, WM4 was recorded moving with another individual. During this 

period he often remained close to his capture area. On 19. 04. 2018 the wolf was found dead with obvious 

signs of poisoning, between Yakoruda town and v. Yurukovo. It remains unknown whether he had formed a 

pair. WM4’s movements during the tracking period were defined as wandering in an area larger than a pack 

territory (Mancinelli et al. 2018). 

All four individuals were killed before successful dispersal was recorded. Their dispersal distances are: 

WF1, 34.2 km; WM2, 31.9 km; WM4, 44.2 km; WF2, 33.8 km (Table 11). 

 

V.8.2. Study of the species dispersal patterns in the country according to established kinship ties  

During the present study, 130 individuals from different regions of the country were analyzed (Fig. 4). The 

level of relatedness among individuals (first, second and third) was determined, and the first and second-

level relatives (125 ind.) were included in the analyses of the species' dispersal in the country.   

The sampling locations of all individuals included respectively in the first-level and second-level kinship 

groups are shown in Fig. 34 and 35.  
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Fig. 34. Groups of individuals with the first level of relatedness 

 
Fig. 35. Groups of individuals with the second level of relatedness 
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Of the groups with first-level kinship (n = 29), no dispersal was detected in 11 groups (37.93%), with all 

individuals located ≤ 15 km apart. In the remaining 18 groups (62.07%), dispersal of one or more individuals 

was detected, with distances ranging from 16.36 to 175.12 km. In these groups, the measured distances 

between any two relatives out of 76 individuals were as follows. 55.26% (42 individuals) were located at a 

distance ≤ 15 km, i.e. no dispersal was found between them. In 44.74% (34 individuals) dispersal distances 

were recorded. In 17.11% (13 individuals) the distance was in the range 15-40 km (mean: 27.43 km, SD = 7.1). 

In 13.16% (10 individuals) the distance was in the range 40-100 km (mean: 59.07 km, SD = 15.4). In 14.47% (11 

individuals) the distance was in the range 100-175.12 km (mean: 130.94 km, SD = 22.7). The mean distance 

detected from all dispersal events was 72.48 km. 

In the groups with second level of kinship (n = 34), dispersal was found in 100% of the groups, i.e. at 

least one individual from each group was more than 15 km away from the others. Dispersal distances in the 

second-level kinship groups ranged from 15.19 to 375.91 km. 

In four groups with first-level kinship, two or more individuals were within ≤ 15 km (pack territory). In 

three groups, one individual is at a distance ˃ 15 km (dispersed), and in one group there are two dispersed 

individuals. The dispersal distances of the five individuals are shown in Table 16. Three of the individuals 

dispersed within about 40 km. For the remaining two individuals, the dispersal distance was over 100 km. The 

ages of individuals No 48 (1.5 yr) and No 49 (<1 yr) and additional information for No 48 (WF1) suggest 

unsuccessful dispersal. For the remaining individuals, No 88, 98 and 156 (ages 2 - 9 yr) there is potential for 

successful dispersal but no additional information is available. 

 

Table 16. Recorded dispersal distances for individuals in first-level kinship groups 

Group Individual Gender Age Date of sampling Alive 

/dead 

Sampling 

area 

Dispersal 

distance (km) 

004_I  37 М < 1 2003-12-01 Dead Pirin 
 

004_I 38 М < 1 2004-03-27 Dead Pirin 
 

004_I 39 F 1 2005-03-02 Dead Pirin 
 

004_I 40 М Un 2005-03-15 Dead Pirin 
 

004_I 41 М 9 2005-03-27 Dead Pirin 
 

004_I 48* F 2 2007-01-25 Dead Pirin 33.45 

(34.2**) 

008_I 98* М 5 2009-10-10 Dead Strandzha 46.51 

008_I 128 М 1 2011-10-16 Dead Strandzha 
 

008_I 133 М  < 1 2011-11-19 Dead Strandzha 
 

008_I 156* F 2 - 3 2013-01-15 Dead Sakar 108.19 

016_I 22 Un Un 2002-01-18 Dead Kraishte 
 

016_I 23 Un Un 2002-01-18 Dead Kraishte 
 

016_I 88* М 9 2009-10-10 Dead West St. Pl. 

Mountain 

137.15 

017_I 32 М Un 2004-11-15 Dead Vlahina 
 

017_I 33 М 1.5 2004-11-15 Dead Vlahina 
 

017_I 34 F adult 2004-11-15 Dead Vlahina 
 

017_I 35 F 1.5 2004-11-15 Dead Vlahina 
 

017_I 49* М < 1 2006-10-15 Dead Pirin 21.44 

Bold font and * indicate individuals that have dispersed from the group. Bold font with ** - the dispersal distance of WF1 

determined by telemetry 
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Dispersal distances were determined for a total of 8 individuals - for 4 ind. by telemetry and for 5 ind. 

by the establishment of kinship ties (for female WF1 by both methods). The mean dispersal distance with a 

known starting point determined in this work is 57.17 km. 

Crossing road infrastructure with potential barrier effect. 

 Of the 52 groups (first and second level of kinship) with established dispersal, in 20 (38.46%) no 

crossing of major road infrastructure (1st class roads or highways) was recorded. In 32 groups (61.54%), crossing 

was recorded (at least 59 cases of crossing). 

 

Connectivity of the wolf population in the country. 

 The best connectivity was found between the Rilo-Rodopes range and the mountains of the Osogovo-

Belasishka mountain range (9 connections). The total number of connections between the western border 

mountains and between them and the Rilo-Rodopes range is 17. Between the Rilo-Rhodopes range and the 

Central Stara Planina Mts., between which the barrier effect is pronounced (Fig. 4), 4 crossings were found. 

The Central Stara Planina is connected to the Western Stara Planina and to Kraishte by only 2 crossings each. 

Sakar and Strandzha remain more isolated. No connectivity was found between these regions and the rest of 

the country in groups with the first level of relatedness, and in groups with the second level of relatedness, 1 

connection was found with each of the following: Rilo-Rhodopes range, Osogovo, Kraishte and Ludogorie. 

Three second-level kinship groups with recorded crossings on first-class roads/highways involved 

individuals defined as hybrids between wolves and domestic dogs. 

Individual No. 47 (adult male) of group 014_II, defined as a hybrid (88.3% wolf origin and 11.7% dog 

origin (Ellis 2017)), located in the Ludogorie is related to 4 individuals located in Strandzha (Fig. 35).  

Individual No. 125 (adult male) of group 018_II, defined as a hybrid (80% wolf and 20% dog origin (Pilot 

pers. communication)), located in Osogovo is related to No. 126 located in Strandzha (Fig. 35). No. 125 has a 

number tattooed on its abdomen. 

Individual No. 161 (adult female) of group 033_II, defined as a hybrid (90-92% wolf origin and 8-10% 

dog origin (Adavoudi et al. unpubl.)), localized in the Danube Plain (Svishtov region), is related to three 

individuals from the Osogovo-Belasishka range (Maleshevska Mts.) and one from the Rilo-Rodopes range 

(Western Rhodopes) (Fig. 35).  

 

V. 8. 3. Wolf behaviour in the presence of anthropogenic food sources 

The behavioral patterns of wolves in the presence of anthropogenic food sources are examined 

through observations at three different sites: Rakitna, Gradeshnitsa and Devin. Visits of wolves were recorded 

at all three sites. Despite the smallest number of camera trap-nights at Rakitna (153), the number of records 

and reported behaviours was the highest. At the other two sites the number of camera trap-days was higher 

(Gradeshnitsa - 220, Devin - 222), but the registrations were much lower. 

 

Table 17. Behavioural categories exhibited in the three work areas in absolute values and in %. 

Behaviour category (code) Rakitna 

total 

number 

Rakitna % Gradesh-

nica total 

number 

Gradesh-

nica % 

Devin 

total 

number 

Devin 

% 

Staying/ passing (SP) 297 65.42 0 0 0 0 

Exploratory Behavior (EB) 44 9.69 24 51.06 12 41.38 

Vigilant Behavior (VB) 22 4.85 13 27.66 7 24.14 

Feeding Behavior (FB) 18 3.96 8 17.02 6 20.69 

Marking Behavior (MB) 2 0.44 2 4.26 0 0 

Resting (R) 26 5.73 0 0 0 0 
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Social Behavior (SB) 43 9.47 0 0 0 0 

Interspecies Interactions (II) 2 0.44 0 0 4 13.79 

Total recorded behaviours 454 100 47 100 29 100 

                

The categories with the largest share in Rakitna are "Staying/passing", "Exploratory Behaviour" and 

"Social Behaviour" and the place-specific "Resting". In Gradeshnitsa and Devin, 4 categories each were 

recorded with the highest proportion of 'Exploratory Behaviour' and 'Vigilant Behaviour'.  

For the Exploratory Behavior category, the difference was statistically significant between Rakitna and 

Gradeshnica (z = 7.8833, p < 0.00001) and between Rakitna and Devin (z = 5.1675, p < 0.00001) and not 

significant between Gradeshnica and Devin (z = 0.8214, p = 0.41222). For Vigilant Behavior, there was no 

significant difference between Gradeshnica and Devin (z = 0.3387, p = 0.72786). There was a significant 

difference between Rakitna and Gradeshnica (z = 5.8407, p < 0.00001) and Rakitna and Devin (z = 4.2399, p < 

0.00001). The occurrence of "Feeding Behavior" was more frequent in Gradeshnica (17.06%) and Devin 

(20.69%) than in Rakitna (3.96%). There was a significant difference between Rakitna and Gradeshnica (z = 

3.8414, p = 0.00012) and between Rakitna and Devin (z = 4.0184, p < 0.00001), and none between Gradeshnica 

and Devin (z = 0.4007, p = 0.68916). The result for Rakitna is due to the fact that the recording range of the 

camera trap is slightly away from the available food, (see "Material and methods") and not all behavioural 

events were recorded. The category "Marking behaviour" was only exhibited in Rakitna and Gradeshnica with 

a significant difference, with a small prevalence for Gradeshnica (z = 2.7974, p = 0.00512). 

Wolves visit carrion sites mainly at night with the highest proportion of daytime visits in Rakitna 

(13.88%). In Gradeshnica and Devin there is one daytime registration each (2.13% and 3.45%).  

Fig. 38 shows the ratio of the recorded categories of behaviours, and against daylight/darkness. 

 

 
Fig. 38. Proportion of recorded behavior categories at the three sites relative to day/night 

 

In Rakitna, during the daylight, the categories “Staying/passing” (15.15%), “Exploratory behavior” 

(4.55%), “Feeding behavior” (38.89%), “Resting” (15.38%) and “Social behavior” (9.3%) were recorded. 

In Gradeshnitsa and Devin, one daylight visit was recorded with the categories "Vigilant behaviour" 

and "Exploratory behaviour" respectively, showing caution. 

0

20

40

60

80

100

120

Day Night Day Night Day Night

Rakitna Gradeshnica Devin

PB EB VB FB MB R SB II



33 
 

Frequency of visits at the three sites: - in Rakitna 69.39% of the wolf visits are daily; - in Gradeshnitsa 

visits are from every second day to once every one or two weeks; - in Devin they are once a month or once 

every 6 months. 

 

Food spectrum of the species in the study areas. The wolf scats examined were from the three study areas as 

well as from the control area. The proportion of wild and domestic animals used for food in each area is 

presented in Fig. 40. 

 
Fig. 40. Ratio of wild/domestic animals used for food in working and control areas 

 

The results of the analysis are correlated with the availability of anthropogenic food sources and the 

natural food base (ungulate density). In the Rakitna and Gradeshnica areas, domestic animals (cattle, sheep, 

goats, and dogs) predominate, 72.72 % and 63.63 % of the analyzed scats, respectively. In the Devin area, there 

is a greater participation of wild animals (71.43%) with a high species diversity, corresponding to the wild 

ungulates inhabiting the area. In the control area of Tran, 100% participation of wild animals was found (roe 

deer, wild boar, and wild hare).  

 

VI.DISCUSSION 

Pack size and group cohesion   

The minimum, average pack size found in this work during the winter season is 4.3 individuals. The 

data correspond to what has been recorded by other authors, with summarized data from North America and 

Europe indicating an average size of 5.2 ind. and for Spain in winter of 4.2 ind. (Fernández-Gil et al. 2020). In 

Poland, the average pack size is 5 ind. (Jedrzejewski et al. 2005), and in the westernmost Carpathians of Poland, 

4.7 ind. in late summer and 4 ind. in winter (Nowak et al. 2008). According to previous studies for southwestern 

Bulgaria, the average pack size was 3.5 ind. (Genov 1987).  

It is important to be careful when determining the spatial distribution of packs using only camera trap 

data. In the present work, thanks to telemetry, it was found that in some cases the pack members are in 

proximity, but not all move together. In others, a family group enters the territory of a neighboring one and in 

the absence of recognition of individuals it is difficult to distinguish the packs (Jiménez et al. 2023). 

According to the data obtained on the cohesion of packs at different times of the year, the greatest 

number of wolves move together in the winter period, and there is no regular decline in this number in late 

winter. Schmidt et al. (2008) found that the family pair does not separate from the group in the mating season. 

According to the present data, some of the largest groups moving together were recorded (in snow and by 
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camera traps) precisely in February, March, and April (6, 7, and 6 ind., respectively). According to Barber-Meyer 

& Mech (2015), pack cohesiveness is higher in the winter months and connectivity is lowest in June, while in 

the current data low connectivity is observed until September. The movement of small groups is determined 

by the division of care for the offspring. While some stay with the pups, others go out for hunting. In this 

season, all individuals visit the homesites (Stenglein et al. 2011), but most often do not move together. 

 

Size and use of individual home ranges and pack territories 

A total of 7 wolves have been equipped with radio- or GPS transmitters. The size of 3 pack territories 

in the Pirin Mts. was determined. Data on the size of individual home ranges of three individuals in dispersal, 

the wandering, adult male disassociated from the family group and of WF1 in the last month of her tracking. 

were obtained. In addition to young individuals in dispersal, wandering individuals may also be old animals 

rejected from their family groups (Mech & Boitani 2003). Data from the tracking of WM1 and from the period 

of WF1 dispersal are scarce. 

The sizes of the three pack territories were established by telemetry tracking of an individual member of each 

group. Because there is cohesion within packs, telemetry  tracking data of members can be used to determine 

the size of their territories (Benson & Patterson 2014). The sizes found in this study (mean 145.4 km2 (MCP 

100%) and 165.6 km(2) (KDE 95%)) are consistent with those found in the literature for similar latitudes. 

Territories defined by a small number of locations calculated with the Kernel method are larger than with the 

Minimum Convex Polygon, due to the fact that Kernel calculations include a prediction of land use based on 

how animals perceive the structure of the environment (Powell 2000). According to studies in southern and 

central Europe, the sizes of wolf pack territories range between 80 and 240 km2 (Okarma et al. 1998), 197 km2 

(Ciucci et al. 1997), 150.5 km2 (Kusak et al. 2005), 201 km2 ( Jedrzejewski et al. 2007), 104 km2 (Mancinelli et al. 

2018). In North America, at similar latitudes, the sizes are also within 116.3 km2 (Fuller 1989) and 219.6 km2 

(Fritts and Mech 1981). WF1 and WM2 were tracked with their family groups for less than a year (207 and 212 

days, respectively) and it could be assumed that the defined territories of the two packs are not a full size. 

According to Okarma et al. (1998) and Mattisson et al. (2013), at least 9 months of intensive tracking is required 

to determine pack territory size. Furthermore, according to Ballard et al. (1998), territory sizes obtained by 

radio-tracking are smaller than those determined by GPS transmitters for the same territories. The WM5’s pack 

was tracked for over 10 months (316 days) with more than 1252 locations, therefore it is assumed that the full 

size of the pack territory (203.3 km2 (MCP 100%)) was established, which is above the average for these 

latitudes of Europe (140 km2) (Jedrzejewski et al. 2007). Pack territories are larger in higher altitudes (Mattisson 

et al. 2013) and in populations persecuted by humans (Rich et al. 2012).  

The core area sizes of WF1, WM2, and WM5 (35, 59.9, and 30.5 km2, respectively) correspond to 

studies for central Europe (average 35 km2 (14 - 78 km2)) (Jędrzejewski et al. 2007). The authors found that the 

core area is a small percentage of the pack territory (16%), as is the case for WM5 (15%). In WF1 and WM2, 

core areas are a larger percentage of the territory (37.6% and 42.9%, respectively) most likely due to the small 

number of locations of these wolves in their pack territories, their social status, and in the case of  WM2, the 

fact that the data are mainly from the winter period when wolves are more nomadic. 

The sizes of the individual home ranges of three wolves in dispersal have been established. These are 

WM2disp., WM4 and WF2, which were tracked for 7, 5.5, and 6 months, respectively, with a pattern of dispersal 

non-directional/wandering. Home range sizes averaged 760.2 km2 (MCP 100%) and 500.43 km(2) (KDE 95%), 

which somewhat corresponds to the finding by Mancinelli et al. (2018) of individual home ranges two to four 

times larger than the average pack territory size. On the other hand, the sizes determined in the present work 

are larger than those found by these authors.  

Seasonal use of family territories  

Seasonal differences in pack territory size and use were observed. The summer territory size of WF1 

and WM5 (MCP 100%) was slightly over 50% of their annual sizes. The family group is concentrated around 
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the pup-rearing area (Demma & Mech 2009). WM5 is a member of the family pair and its activities in this 

season are driven by offspring care (Potvin et al. 2004). WF1 is also involved in pup rearing, which explains the 

smaller summer size of her territory.  

The core area of WM5 in the summer season is only 26.33% of its annual size and is small and compact, 

concentrated around the den and rendezvous sites. WM5 returns to the homesite area after each movement. 

With WF1 it is almost half (46.86%) of its annual size. Non-breeding members of the group are more likely to 

wander around the pack territory (Demma & Mech 2009). 

The observed seasonality in pack territory use is more pronounced with the male WM5. In the summer 

period, mainly the higher altitude areas are used, and in the winter period almost 90% of the annual territory 

is roamed. With WF1, the seasonality in territory use is not so strongly differentiated. The same was found by 

Jedrzejewski et al. (2001) for non-breeding females.  

 

Overlapping territories of tracked individuals. Shift of pack territory boundaries over time 

In Pirin, work has been carried out in the same area over a long period of time. Four wolves were 

caught in the same pack territory. Data on the size of the pack territories in 2006 and in 2023/2024 were 

obtained. Partial differences in territory size and habitat used were found, as well as shifts in birth and pup-

rearing locations. The overlap of the wandering male WM1 and the dispersing female WF2 individual home 

ranges with pack territories of WF1 and WM5 was estimated. 

The small area used by WM1 is overlapped in most of its area by WF1. The established close 

relationship between them explains this. There is probably tolerance towards WM1 by the local pack.  

The overlap between the pack territories of female WF1 (2006) and male WM5 (2023-2024) is large, 

with the WM5 group using almost all of the territory established for WF1 and her pack. The WM5 pack uses a 

larger area with a shift slightly north and towards the higher altitudes, including birth and pup-rearing sites. 

Displacement of pack territory boundaries over time is a common phenomenon recorded in previous studies 

Potvin (1987), and reasons may vary. A likely factor in the shifting territory of WM5 is the established during 

the fieldwork, intensified forestry practices in recent years.  

The overlap of the area used by WF2 in 2020 with the areas of WF1 and WM5 has been estimated due 

to the assumption that the female originates from the local pack. Her home range (MCP 100%) overlaps 44.51% 

and 63.73% of the territories of WF1 and WM5, respectively, supporting the assumption that she was born in 

the area. Her core area overlaps very little with those of the other two wolves. Even if the female originated 

from the local pack, she does not participate in common activities such as caring for possible offspring, as her 

presence in the area is sporadic.  

 

Activity 

The patterns of diurnal activity recorded in this work are consistent with those found in previous 

studies. The overall activity level of WF1 and WM2 (45% on average) corresponds with the results of the studies 

of Theuerkauf et al. (2003) (45.2%) and Kirilyuk et al. (2021) (44%). The observed differences in the diurnal 

activity of WF1 on WM2 are probably due to their different social status. Female WF1 activity as a pack member 

was low between 02:00 and 04:00 h (28.6%), which is consistent with that recorded by Eggermann et al. (2009) 

for packs in Poland. Male WM2 activity was highest during these hours (85.7%) and increased also in late 

morning around 08:00 - 10:00 h (up to 60.5%). These peaks in activity were recorded on days when the wolf 

entered the territories of other packs. WM2 likely avoids encounters with resident wolves, taking advantage 

of their low activity, as found by Merril & Mech (2003). The nocturnal peak in WM2 activity is on days when 

the wolf crossed the road E79. These are the hours when the lowest traffic on E79 has been documented (1 - 

1.2%) (National Strategic Infrastructure Projects Company 2015). WF1 increases her activity between 12:00 - 

14:00 h (55.9%). Diurnal activity of a young female from a pack was also recorded by Kolenosky & Johnston 

(1967). The behavior may also be related to wolf activity towards livestock in the working area, where it has 
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been reported that 83% of all attacks on domestic animals were recorded during the day (Tsingarska-

Sedefcheva 2008). To a large extent, the diurnal activity of WM4 is comparable to that of  WF1 and WM2. The 

wolf takes advantage of the availability of carrion near human settlements. To reach such sources, WM4 often 

crossed secondary roads No. 19 and No. 84, which he did at the dark part of the day. 

 

Habitat use 

The territories of the monitored individuals are dominated by forest habitats (average 60.97%), which 

is consistent with other studies. In southern Poland, in areas inhabited by wolves the percentage of forest cover 

was 63.8% (Jędrzejewski et al. 2005). The coniferous forest belt is strongly present in Pirin and Rila Mts., which 

is why these forests are in the highest proportion in all the home ranges except of WF1disp. and WM2disp.. These  

two wolves disperse respectively to the southern parts of the Pirin Mts. and to Maleshevska Mts., where 

deciduous forests dominate. One of the main characteristics that the species shows preference for nowadays 

is the presence of forests (Jędrzejewski et al. 2005; Vorel et al. 2024), which wolves use for hiding and avoiding 

human presence (Kusak et al. 2005). 

Significantly represented in the territories of all individuals is the regrouped class 2 "Open areas, 

grassland and transitional woodland shrub" (average 33.94%). The class with the highest percentage here is 

"Transitional woodland-shrub" (average 12.41%), which provides opportunity for shelter. The class "Moors and 

heathland" in the conditions of the high Pirin and Rila mountains is mainly the scrub mountain pine P. mugo 

formations. This class is present with the highest percentage in the WF2 home range (8.24%), which often 

adheres to the high mountain and also in the WM2 pack territory (3.05%). The same is for the class “Bare 

rocks” (3.93% in WF2’s home range and 3.08% in WM2’s pack territory). Both WF2 and the WM2’s pack use 

the mountain highest parts. The class "Land principally occupied by agriculture, with significant areas of natural 

vegetation" is included in the regrouped class (2) due to the significant areas of semi-natural habitat in the 

conditions of the study areas. Its presence in the territories of all individuals (8.3% on average) confirms its 

relative suitability for the species. In human-dominated areas in Europe, wolves are adapted to semi-natural 

habitats, including open and agricultural areas (Blanco & Cortes 2007; Eggermann et al. 2011). The regrouped 

class 3 "Agricultural land" is represented with the highest percentage in the home ranges of individuals in 

dispersal, which are forced to adhere to suboptimal habitats.  For the same reason, the regrouped class (4) 

"Urban areas" is represented in dispersing individuals WM2disp., WF2 and WM4 (average 1.7%), which are 

recorded to visit places near settlements.  

The pack members (WM5, WF1 and WM2) and the female WF1disp. show preference for forested areas, 

avoiding to a greater or lesser extent the more open natural habitats, regrouped in class (2). This confirms what 

other studies have found for Europe as well as for North America that the species exhibits selectivity for 

forested habitats (Jędrzejewski et al. 2005; Treves et al. 2009; Vorel et al. 2024). 

Dispersing and wandering individuals (WM2disp., WF2, WM4, and WM1) exhibit selectivity toward the 

more open natural habitats of regrouped class (2), probably because the most preferred forested habitats are 

occupied by packs. Adherence to more open areas probably helps avoid encounters with local family groups 

(Merril & Mech 2003). On the other hand, with the males WM2disp. and WM4, their index of selectivity for 

forests indicates that they use them in proportion to their availability, i.e. individuals take advantage of 

available forest habitats. Under conditions of year-round persecution by humans, the drive to avoid their 

presence in habitats with better cover is also likely to be enhanced (Bosch et al. 2023). From the dispersing 

individuals, the female WF2 exhibits relatively the highest selectivity to open natural habitats. Her tracking is 

mainly in the summer period, when she sticks to the highest parts of Pirin Mts., probably avoiding local packs. 

As in summer there is increased human presence in the mountain (tourists, shepherds with livestock, etc.) WF2 

finds shelters in habitats difficult to access by humans, dominated by rocks and sparse vegetation. These 

landcover classes are weakly avoided by the female (-0.15, -0.27, respectively), which selects mainly the scrub 

mountain pine formations (0.49). Of the urbanized areas, the class " Sport and leisure facilities" is used relative 
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to availability by WM4 and is the least avoided urban landcover by WF2. WF2 and WM4 visit places near the 

resort areas around the town of Razlog and Bansko, where such zones have been designated. In the vicinity of 

these places both wolves visit an unregulated slaughterhouse and a baiting site in the area of Predela. Both 

young wolves take advantage of available, easily accessible food sources. As also found by Kojola et al. (2016), 

young individuals are more commonly recorded near human settlements after dispersal. Wolves take 

advantage of anthropogenic food sources when available in their habitat (Tourani et al 2014; Ciucci et al 2020). 

However, this propensity leads to their vulnerability as it is a prerequisite for them to be killed more easily 

(Tourani et al 2012). 

From the analysis of the use of different altitudes, it is evident that most individuals who are in a period 

of wandering/dispersal stick to lower areas compared to packs. The results are somewhat comparable to those 

of Rio-Maior et al. (2019), who found that dispersing individuals stick to lower areas relative to territorial 

wolves. However, the opposite was found for the female WF2, which, unlike the other dispersing individuals, 

mainly used the highest parts of Pirin Mts. 37.6% of the female’s locations are above 1800 m. Tracking her 

mainly in the summer period, when weather conditions in the high mountains allow habitation there, 

contributes to these results. Individuals who are pack members show more heterogeneous use of altitudes. 

WF1 and her pack mainly stick to the first three altitudinal zones, while WM5's pack prefers the two highest. 

As a pack member WM2 occurs in all altitudinal zones, as his group has been found to inhabit the highest parts 

of the Pirin Mts. besides other altitudes. In the two lowest altitude zones (from 200 to 1000 m) the presence 

of all tracked individuals was recorded. However, it is seen that in the high mountain conditions, packs, and 

also some dispersing individuals show preferences for higher altitudes, where homesites are also located.  

When analyzing the distribution of land cover types in different altitudinal zones, it becomes clear that 

forest cover increases with increasing altitude and takes precedence over relatively more open habitats. At the 

same time, in the high parts of the mountains, the participation of the classes “Agricultural lands” and 

“Urbanized territories” decreases. Comparing the changes in land cover in different altitudinal zones with the 

presence of tracked wolves, it is evident that with an increase in the percentage of forests compared to other 

land cover types, the share of all wolf registrations also increases. This again confirms the findings of previous 

studies that the species prefers forest habitats (Jędrzejewski et al. 2005; Treves et al. 2009; Vorel et al. 2024). 

Wolf registrations increase with a decrease in the participation of the classes “Agricultural lands” and 

“Urbanized territories”. That is, wolves generally avoid areas with increased human presence and seek shelter 

in forest habitats, with those who are forced to use habitats with more human activities being solitary 

individuals. Previous studies confirm that wolves approach human-inhabited areas during their dispersal 

(Kojola et al. 2016). It is also striking that in the highest parts of the mountains, where forests give way to grass, 

shrub and rock formations, the percentage of wolf locations remains relatively high. Probably an important 

factor for this is the absence of land cover classes with increased human presence. It is confirmed that the 

species is tolerant to different habitat types (Mech & Boitani 2003) in the absence of anthropogenic pressure. 

 

Patterns of dispersal in individuals tracked with telemetry 

During the present work, the dispersal of 4 individuals was recorded and tracked by telemetry, two of 

them with radio and two with GPS transmitters. In high mountainous, rugged terrains, radio-telemetry work is 

complicated, so data obtained from radio transmitters need to be approached with care. The female WF1 and 

the male WM2 leave their natal family groups and disperse at ages < 2 yr, which corresponds with the findings 

of other authors (Ballard et al. 1987, 1997; Fuller 1989b; Gese & Mech 1991; Hayes & Harestad 2000a; Kojola 

et al. 2006). At their capture, the male WM4 was determined as 3-year-old and the female WF2 as 2-year-old. 

Since the beginning of their tracking, both individuals have been designated as dispersers as their pack 

affiliation has not been proven. WF2 and WM4 stay in the local packs’ territories, which likely means that they 

are tolerated by local wolves. Dispersal of two- and three-year-old individuals has also been found to be 

common (Ballard et al. 1997; Hayes & Harestad 2000a; Jimenez et al. 2017). For WF2 and WM4, the season of 



38 
 

their dispersal is unknown, but for WF1disp. and WM2disp., the months of November and April, respectively, have 

been identified. Gese & Mech (1991) and Mech & Boitani (2003) indicated that dispersal peaks are in April and 

in October-November, adding that the main driver of dispersal in these months of the year is social competition 

within packs. In spring, during the mating season, the level of aggression in the pack increases (Zimen 1976),  

and in autumn, competition for food increases alongside the increasing demands of the grown-up young (Mech 

& Boitani 2003). 

Observed patterns of dispersal are primarily nondirectional/wandering in an area two to four times 

larger than the defined average pack territory size. The exception is the female WF1disp., which leaves the pack 

and is no longer recorded in her natal territory. WF1disp. moved generally towards the southern parts of Pirin 

Mts., with dispersal resembling a directional pattern. After signal loss and a single location in Southwestern 

Pirin, WF1disp. was located in the southern parts of the mountain, where it remained for the last month of her 

tracking. The assumption is that during periods of signal loss, the female moved to the eastern slopes of Pirin, 

where no radio-tracking was conducted. It can be assumed that her dispersal switched from directional to 

nondirectional, a pattern recorded by Wabakken et al. (2007).  

The pattern of dispersal in the remaining three wolves WM2dis., WM4 and WF2 is 

undirected/wandering. The male WM2disp. undertakes 7 extraterritorial trips before final dispersal. Their 

duration (mean 9.4 days) is shorter than that reported by Messier (1985b) (13.3 days (yearlings) and 10.3 days 

(˃ 1-year-olds). In Italy, extraterritorial trips of wolves have been recorded only in the autumn-winter period 

(Mancinelli & Ciucci 2018), with a duration of ≤ 4 days, while in WM2 they continue also in spring, until April, 

and are of longer average duration. Extraterritorial trips before dispersal can be several (Fuller 1989), and the 

process can last from several months to years (Messier 1985b). In his extraterritorial trips, WM2disp. undertook 

11 recorded passes on the E79 first-class road and the railway through the Kresna Gorge between Pirin and 

Maleshevska Mountains. Previous studies have recorded multiple crossings of busy first-class roads and 

highways by dispersing individuals (Merrill & Mech 2000; Ciucci et al. 2009; Razen et al. 2016). Uniquely, 

WM2disp. crossed the road E79 repeatedly, each time in the same area, the Kresna Gorge. The movements of 

WM2disp. indicate that the Kresna Gorge is an important corridor for the species' dispersal. During the present 

work, two females killed by a car (2017) and by a train (2023) were recorded in the Gorge, as well as one female 

killed by a car on road No. 19 in the area of Predela (2024). For the period 2002 - 2012, by determining kinship 

ties, a large number of closely related individuals were recorded between the Western Pirin and the 

Maleshevska Mountains. This is evidence that there is a constant exchange of individuals in this area. The 

Gorge lacks facilities to ensure safe passage of large animals and with the increasing traffic the problem of 

animals killed by vehicles is expected to grow.   

The male WM4 generally sticks to and moves along the southern slopes of the Rila Mountains, 

occasionally crossing to the Western Rhodopes and the Northern Pirin Mts. The wolf crosses second-class (93 

times) and third-class (6 times) roads a total of 99 times. Many of these crossings are to reach the recorded 

baiting site, slaughterhouse and other remains of domestic animals that the wolf frequents, but some are 

probably for the purpose of attempted dispersal. Merril & Mesch (2000) recorded crossings of main roads by 

dispersing individuals up to 215 times. 

At the time of her tracking, the female WF2 was sticking to Pirin Mts., moving over a large area, 

reaching above the town of Sandanski in the south and around the town of Bansko to the north. WF2 does not 

undertake road crossings, except on two occasions when she crossed road No. 19. 

 Both WF2 and WM4 periodically return to the vicinity of their areas of capture, where they are 

presumed to originate. The same was observed for WM2 in its intermediate period. Van Ballenberghe (1983) 

discussed that the reason for dispersing wolves returning periodically to their natal territories may be an 

inability to find a mate and a free territory to settle.  

Males WM2disp. and WM4 undertake crossings on primary and secondary roads, while the females 

WF1disp. and WF2 don’t, except the single crossings of WF2. The findings of Treves et al. (2009) that females are 
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more cautious are confirmed. However, the three recorded female wolves killed by train and vehicles suggest 

that a larger sample is needed to establish the sex ratio of wolves undertaking linear infrastructure crossings. 

The dispersal distances of the four individuals (WF1, 34.2 km; WM2, 31.9 km; WM4, 44.2 km; WF2, 

33.8 km) are comparable to the shortest found in the literature for Europe (average 32 km) (Blanco & Cortes 

2007) and to those for a hunted population in Alaska (average 41.9 km) (Roffler et al. 2024). Because all wolves 

died during the tracking period without evidence of settling in a new territory, it can be assumed that their 

dispersal was not successful. The deaths of the four wolves were directly caused by humans (killed/poisoned). 

This is indicative that human persecution is a major obstacle to the species successful dispersal, as has been 

established by other authors (Kojola et al. 2009; Morales-Gonzalez et al. 2022; Roffler et al. 2024). 

 

Analysis of species dispersal patterns by established kinship ties 

The results obtained are an indication of the dispersal distances in the country (estimated distances 

between individuals with first level of relatedness) and the connectivity of the population in different regions 

of the country. Successful crossings of first-class road network, which creates barriers to wildlife dispersal have 

been recorded.  

Of the 29 groups with first-level of relatedness, no dispersal was found in 11 groups. These 11 groups 

included 42 individuals, or over half of the 76 individuals with first-level kinship. Of the remaining 34 individuals 

among which different dispersal distances were found, distances between 13 ind. were within < 40 km. In total, 

in 72.37% of the cases, the distances between individuals with first-level of relatedness were < 40 km. These 

results are comparable to the shortest recorded dispersal distances for Europe (Blanco & Cortes 2007). The 

authors studied the dispersal of wolves inhabiting highly human-influenced areas with high road densities. As 

a large percentage of natural habitats in our country are suitable for the species (Zlatanova 2010) and are not 

heavily fragmented, direct human impact (hunting and illegal killing) remains a major factor in preventing wolf 

dispersal. 

The average of all estimated distances between individuals with first-level of relatedness (72.48 km) is 

comparable to results obtained from previous studies, such as 65.8 km for the Italian Alps (Marucco et al. 2022) 

and 98.1 km for males and 87.7 km for females in the U.S. Rocky Mountains (Jimenez et al. 2017) 

During the present study, the established dispersal distances for 8 individuals (4 by telemetry and 4 by 

kinship relationships) with a known starting point can be considered as accurately estimated. The mean value 

(57.17 km) is smaller than that found in other studies and larger only than the shortest distances recorded for 

Europe (Blanco & Cortes 2007). Dispersal of a juvenile individual (age 5 - 6 months) was recorded. As Žunna et 

al. (2023) point out, such early dispersals have been observed in individuals whose pack has been destroyed 

by the killing of at least one of the parents. 

In more than half (52.83%) of the groups (first and second level of kinship) with established cases of 

dispersal, no crossing of first-class roads and highways was found. In the remaining groups at least 59 crossings 

were recorded.  

The highest level of population connectivity was found between the Rilo-Rodopes range and the 

mountains of the Osogovo-Belasishka range. This is probably due to the proximity of the mountain ranges 

especially in some areas such as the Kresna Gorge, where there are no other barriers to the species apart from 

the road E79 (Fig. 4). The results of the telemetry studies in this work confirm this. The relatively lower 

connectivity between the different mountains along our western border is probably due to the series of 

barriers expressed in busy first-class roads and urbanized areas. This creates the conditions for individuals in 

dispersal to become victims of road accidents or hunters sticking to less suitable habitats. There is a clear 

barrier effect between the Western Stara Planina Mts. and Kraishte (Fig. 4), which is a likely reason for the low 

level of connectivity between the two areas (only two crossings). The 4 connections found between the Rilo-

Rhodopes range and the Central Stara Planina Mts. indicate that wolves manage to establish connectivity, but 

at a lower level. The available facilities along the Trakia highway provide opportunities for large mammal 
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passage (Zlatanova 2010). The reason for the low degree of connectivity of the Central Stara Planina Mts. with 

the Western Stara Planina and other western border mountains is not clear. The permeability of the Hemus 

highway, which separates the Central Stara Planina from the western parts of the Stara Planina Range, has 

been estimated to be higher than that of Trakia highway (Zlatanova 2010). Fuller (1989) reported that a large 

proportion of wolf mortality is caused by road accidents, suggesting that roads are a barrier to the species' 

dispersal. Other authors have found successful passage on busy road infrastructure by wolves in Europe (Ciucci 

et al. 2009; Razen et al. 2016; Byrne et al. 2018). The low level of connectivity found in the Central Stara Planina 

with the mountains to the west may also be due to the relatively smaller sample size from this region.  

According to the results, the connectivity of Sakar and Strandzha Mts. with the other mountainous 

regions is the weakest. The barrier effect to the north and west towards the Rilo-Rodopes range is pronounced 

(Fig. 4). On the other hand, most of Strandzha Mts. lies outside the borders of our country and it is likely that 

there is better connectivity within the mountain between Bulgaria and the neighbouring Turkey. Despite the 

weakest connectivity of these mountains, a total of 4 connections of Strandzha with other regions of the 

country have been recorded, but for some of them additional issues arise. For example, the recorded 

connection between Strandzha and Osogovo is probably not the result of natural dispersal. The individual 

located in Osogovo (No. 125), which was determined to be hybrid, has a tattooed number on the abdomen. A 

study on the presence of hybrid individuals in the country purposefully bred by humans was initiated by 

Tsingarska & Kirova (2022). A thorough study of the problem is needed. 

The identified hybrid individuals included in this analysis are not an isolated case. Studies from 

different parts of Europe record the presence of hybridization between the wolf and the domestic dog (Vila et 

al. 2003; Verardi et al. 2006; Godinho et al. 2011). In the present work, two of the hybrid individuals were 

located in northern Bulgaria (Danube Plain - Svishtov and Ludogorie), where the presence of the wolf is 

sporadic (Figs. 2 and 3), due to low habitat suitability and fragmentation. The northern part of our country 

appears marginal for the distribution of the species, due to the barrier effect of the Danube River. Godinho, et 

al. (2011) suggest that hybridization between wolves and domestic dogs is more likely to occur in areas close 

to disturbed habitats for the species. 

 

Wolf behavior in the presence of anthropogenic food resources 

At the site in Rakitna the highest number of wolf visits was recorded. Most of the visits there are daily, 

which is a sign of habituation to the site. The supply of animal carcasses has been present for a long of time 

(since 12 years), regularly and in large quantities. Habituation of wolves to constantly available anthropogenic 

food sources and their use as food has been found by other authors (Tourani et al. 2014). At Gradeshnica and 

Devin, respectively 7.36% and 4.51% of all visits from the three sites were recorded. The period from the 

beginning of carcass supply in both areas was short and the quantities supplied were smaller compared to 

Rakitna. At Gradeshnica, the site is open, located next to vineyards and open fields. The human presence here 

is of the greatest frequency and intensity compared to the other two areas. At Devin, the natural food base for 

the species is the richest and has the highest density compared to the other two areas. The results of the scat 

analysis prove that wolves in this area mainly feed on wild ungulates. Also, at this location in July and August 

2022 and 2023 visits by bears were recorded. Brown bear density in the Western Rhodopes is the highest in 

the country (2.7 ind./1000 ha) (EEA, MOEW 2024). Wolves and bears most often exhibit antagonistic behavior 

toward each other (Tallian et al. 2022). Brown bears occur in the Rakitna and Gradeshnica areas, but the two 

sites with carrion are outside of highly suitable habitats for the species (Zlatanova 2010). No bear visits were 

recorded at these two sites during the monitoring period. 

The proportion of different categories of behaviors exhibited in the three sites and the number of 

categories recorded in each site show significant differences between Rakitna, Gradeshnica and Devin. While 

the category "Staying/Passing", which is an indication of lack of anxiety, has the highest percentage of recorded 

behaviours in Rakitna, this behaviour was not recorded in Gradeshnica and Devin. More than 15% of the 
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recordings of this category in Rakitna are during daylight, which is a further indication of habituation to the 

site. In Gradeshnica and Devin, the behavior was not recorded probably due to the short feeding period, and 

for Gradeshnica the fact that the area has relatively the highest degree of human presence is also relevant. The 

categories “Exploratory behavior” and “Vigilant behaviour”, which are indicative of caution when visiting the 

sites, had significantly higher proportion in Gradeshnica and Devin. The wolf is a species that exhibits a high 

degree of caution towards any new object, subjecting the components of the environment to detailed 

examination (Moretti et al. 2015).   

The category “Feeding Behaviour” was recorded at all three sites. In Rakitna as 3.96% of all behaviors 

exhibited, while in Gradeshnica and Devin the percentage of its records is 17.02% and 20.69% respectively. The 

result when considering this category at Rakitna and skewed, i.e. the registrations from the camera trap are 

less than the actual rate of its expression due to the direction of its installation (see section IV. 2. 5.). 

Confirmation of the actually higher proportion of expression of this behavior at Rakitna are the accidentally 

recorded sound of feeding wolves recorded by the camera trap (breaking of bones accompanied by growling, 

etc., 16 recordings). Тhe proportion of occurrence of this behavior is thought to be higher. The occurrence of 

the category at Gradeshnica and Devin, regardless of the short time from which food was available, is an 

indication of the high adaptability and plasticity of the species. As found by Wam et al. (2014) individual 

plasticity in behaviour makes it difficult to predict how quickly this species can adapt to environmental 

conditions that are new to it. Previous studies have concluded that wolves readily habituate to anthropogenic 

food sources and prefer them to hunting wildlife, especially when abundant (Ciucci et al. 2020). Petroelje et al. 

(2019) point out that anthropogenic resources alter wolf diet, activity, and behavior. The habituation of the 

species to feeding on domestic animals is a prerequisite for an increase in wolf attacks on livestock, and hence 

an increase in conflict with humans. This in turn raises conservation concerns for the species.  

As a consequence of the long period of available anthropogenic food resources in Rakitna, wolves at 

this site exhibit "Resting" and "Social" behaviors, for which they naturally select locations away from human 

presence (Mancinelli et al. 2018). The authors found that for resting, wolves choose sites with vegetation cover 

and on steeper slopes. The occurrence of the behavior category "Resting" at the site even in daylight is 

particularly indicative of the strong degree of habituation of wolves to the site, which is open and only about 

2 km from the village of Rakitna. 

Considering the limited possibilities for registering visits and observing animal behavior using camera 

traps, the probability that not all visits, as well as all displayed categories of behavior at the three locations, 

were recorded is taken into account. However, there is evidence that wolves tend to take advantage of 

anthropogenic food resources and habituate to them in their long-term presence and absence of disturbance.  

The results of the scat analysis from the study areas show that in places with accessible anthropogenic 

food resources, especially in the Rakitna area, the proportion of domestic animals in the diet of wolves is 

predominant over wild animals. According to the data on the number of pasture-raised domestic animals in 

the respective municipalities, this number is highest in the municipalities of Simitli (Rakitna) and Kresna 

(Gradeshnica) in relation to the municipality area size. This is probably also a factor in the predominance of 

domestic animals in the diet of wolves in these two work areas. The proportion of natural food base species 

used for food is higher in Devin, where the site has been supplied with carrion for the shortest time, and the 

diversity and density of wild ungulates are also the highest. In Tran, the species relies entirely on its natural 

food base. In this area, besides the fact that the density of wild ungulates is relatively high, the number of 

domestic animals is also the lowest, while the area of the municipality of Trun is one of the largest, after Devin.  

The provided data and the resulting densities of wild ungulates in the working areas are much lower 

than data in the literature for other countries in Southern and Central Europe, as well as for Bulgaria, justified 

by clear, scientific approaches (Morimando et al. 2016). The authors report a roe deer density of 36.25 ind./km2 

in the Chepino State Forest, commenting that estimates of wild ungulate abundance provided by forestry 

system officials are often greatly underestimated, citing other authors expressing this view. During the present 
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work, a high frequency of roe deer and wild boar records was found, mostly in Kraishte area. In the other 

working areas, field registrations of both species were of similar frequency. The data from the Devin SF indicate 

the highest density of roe deer in this area. 

 

 

VII.CONCLUSIONS 
 

The size of family groups in working areas averages 4.3 indviduals and is consistent with the average 

found for other countries of similar latitudes.  

 

The family group moves most cohesively in the autumn-winter and spring seasons, immediately before 

the birth of the young. Movements individually or in small groups (up to 3 individuals) are mainly found in the 

summer period of the species' biological year. 

 

The size of wolf pack territories in the working areas is consistent with those found in other countries 

of similar latitudes. There are seasonal differences in family territory size and use, as well as in core area size. 

Differences in seasonal territory use are also determined by the social status of the family group members. 

 

Activity in the tracked individuals is predominantly nocturnal, with pronounced peaks at dawn and 

dusk. Detailed differences in activity between individuals likely depend on social status (pack member or 

disperser) and the different challenges resulting from this, as well as on different human activities. 

 

Individuals that are members of family groups have a more pronounced preference for forested areas, 

whereas those in dispersal tend to be selective for other natural and semi-natural habitats with grasslands and 

transitional, woody-shrub vegetation.  

 

Family groups adhere at higher altitudes than individuals in dispersal. An exception to this rule has 

been found for a female in dispersal that uses the highest parts of the Pirin Mountains.  

An increment in wolf registrations with rising altitude is associated with an increase in the percentage 

of forest cover, but also with a decrease/absence of land cover with intensive human presence (urbanized 

areas and agricultural lands). 

 

Observed dispersal patterns in individuals tracked with telemetry are primarily wandering without 

undertaking directed dispersals. Males tend to undertake crossing of busy first and second class roads, while 

females avoid it. Longer dispersal distances across the country were found when analysing dispersal by 

established kinship relationships. 

 

The observed age of dispersal for most individuals in the present study was between 1.5 and 3 years, 

which is the most commonly recorded age of dispersal in the wolf. Dispersal of a juvenile individual (5 - 6 m) 

has been recorded, which is rare for the species. 

 

Dispersal distances within the country are often within 40 km, which corresponds to the shortest 

distances recorded for Europe, where the species inhabits semi-natural habitats. The identified cause of 

dispersal interruption is human-caused mortality (hunting and illegal killing). 
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Over 50% of the kinship groups in which displacement has been established are registered within one 

or neighboring mountain ranges, without passing through first-class transport infrastructure (class I roads and 

highways). 

The analysis of the species' dispersal in the country by determining kinship relationships, records 

population connectivity between the different mountain regions. This connectivity is weakest between Sakar 

and Strandzha on the one hand and the rest of the country on the other. To achieve this connectivity, wolves 

cross first-class transport infrastructure (class I roads and highways) and other urbanized areas. 

 

Long-distance dispersal across the country has been found to involve individuals hybridized with the 

domestic dog, and in some cases the dispersal is probably not natural. 

 

Wolves exhibit different strategies when using anthropogenic food sources. The species tends to take 

advantage of easily accessible food. In places with long-term anthropogenically provided resources, wolves can 

become habituated to them to the point of displaying behaviors such as “Resting”, for which they would 

otherwise seek shelter in remote forested areas, less frequently visited by humans. The habituation of wolves 

to anthropogenic food resources is a prerequisite for shortening the human-wolf distance and for risky 

situations for both species. 

 

 

VIII. CONTRIBUTIONS AND RECOMMENDATIONS 

 

Contributions  

The study of the wolf spatial structure in the country using telemetry confirms that the size of wolf 

pack territories and preferred habitats are similar to those found elsewhere in Southern and Central Europe, 

as well as in North America, in similar latitudes.  

Long-term monitoring of pack territories and key locations within them (homesites) in the same area 

builds on knowledge of the shifts of wolf pack territories over time and space. 

The determined preference for the habitat " Moors and heathland" and proportional use of the habitat 

"Bare rocks" in the highest parts of Pirin Mountain, as well as habitation mainly at altitudes above 1800 to 

2600 m by a female in dispersal, builds on the knowledge of the species life in high mountain conditions. 

With the establishment of packs cohesion throughout the winter season (October - April), knowledge 

about the social behavior of the species is being built upon. 

The complex approach applied to the study of wolf dispersal in the country, namely by kinship 

relationships and telemetry studies, reveals that the main part of the dispersing individuals move at distances 

comparable with the shortest established for Europe. 

The kinship relationships between a significant number of individuals of the species have been 

established. The results determine a varying degree of population connectivity between different mountain 

regions. The data obtained may provide a basis for further studies on the barrier effects of linear infrastructure 

and urbanized territories. 

Observations of wolf behaviour in the wild, when visiting vulture feeding sites, baiting sites for killing 

wolves, and baiting sites for wildlife watching, reveal new, unexplored aspects of the species' behavioural 

strategies towards different anthropogenic food sources. 
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Recommendations 

The Kresna Gorge is an important corridor for wolf dispersal in Southwestern Bulgaria. It is necessary 

to create conditions for free and safe passage of the road network (motorway and railway line) by the species, 

in the Gorge. This would provide conditions for passage by other species (bear, large ungulates and other, 

smaller species). 

The data on the connectivity of the species population in the country through dispersal are from the 

period 2002-2012, when the traffic intensity on the roads was lower and the length of the highways was 

smaller. In the last few years, reports of wolves falling victim to road accidents have been increasing. Current 

research on the impact of developing linear infrastructure on wolf dispersal opportunities is needed. 

There is a need for further in-depth studies on hybridization between the wolf and the domestic dog 

in the country and the reasons for the presence of such hybridization. 

It is necessary to implement the activities foreseen in the "Action Plan for the European wolf (Canis 

lupus lupus L.) in Bulgaria 2022 - 2031" to update the regulations for captive breeding of wolves and control 

over their breeding by private individuals.  
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