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Preface to the documents 

 

The main aims of Action D7, ǘƛǘƭŜŘ άAssessment on the ecosystem functionsέ, are based on the 

implementation of three different but interconnected sub-actions to evaluate the population status 

of the targeted species (Ursus arctos) and its functions related to the ecosystem. The evaluation of 

Ursus arctos ecosystem functions is corroborated by the MAES system. 

The first sub-action focuses on a second refinement of the population levels and structure 

estimation in the entire project area (and in the 4 project sub-areas separately). It was achieved 

through a second field survey for the collection of biological material (hairs/scats for genetic 

material extraction) and a second cycle of population genetic analysis (in the laboratory). The main 

aim of this sub-action is to be able to compare data and figures on the overall Ursus arctos 

population status between two periods of LIFE ARCPROM project implementation and an in 

between time interval of circa 3 years (action A2 implemented in the beginning of the project and 

action D7 implemented at the end) and thus have the possibility to conclude on the Ursus arctos 

population status and trends throughout the 5 years of project implementation and more 

specifically, to consider whether the concrete conservation actions implemented during the second 

half of the project have had a positive effect on these population status indicative figures. 

The second sub-action focuses on evaluating the ecosystem functions of Ursus arctos. In Greece, 

this task was developed in terms of zoochory, involving seed dissemination through bears' 

frugivorous diet, digestive tract, long-distance movements, and home range surfaces. This function 

contributes to the long-term diversification of plant species in a given forest ecosystem, as well as 

to the densification of the understore vegetation layer structure. Data processing revealed a notable 

vertical and horizontal dispersal of seeds throughout the forest ecosystem, highlighting the 

importance of the bears' frugivorous diet and spatial behavior to the forest ecosystem's structural 

operation in terms of vegetation diversity and coverage. In Italy, given the low bear density and the 

consequent difficulty in collecting bear scats, the assessment of the ecosystem functions was based 

on a 3-steps analysis investigating the possible ecosystem functions played by bears in the Apennine 

ecosystem and the functions actually played by bears in MNP basing on bear number and 

distribution as well as on the presence (i.e. abundance and distribution) of other taxon playing the 

same function. Results show that the establishment of a stable bear population is improving the 

functions provided to the ecosystem, especially in terms of seed dispersal. However, bear presence 

is also contributing to the improvement of other ecosystem functions, such as scavenging and soil 

layer movement. 

The third sub-action focuses on the use of the Mapping and Assessing of Ecosystem Services tool 

όa!9{ύ ŀƎǊŜŜŘ ŀǘ ŀ 9ǳǊƻǇŜŀƴ ƭŜǾŜƭ ǳƴŘŜǊ ŀŎǘƛƻƴ όрύ ƻŦ ǘƘŜ ά.ƛƻŘƛǾŜǊǎƛǘȅ {ǘǊŀǘŜƎȅέΦ To this end, the 

impact of the LIFE ARCPROM on the provision of ecosystem services was evaluated through a 

qualitative approach based on interviews with the project team. 

In the next pages, 4 documents are reported, 2 for Greece, 1 for Italy, and 1 for both countries: 

 
-Technical report on the second genetic analysis of Brown Bear (Ursus arctos) sub-populations 
in Prespa, N. Pindos and Rodopi Mountain Range National Parks ς GR 
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-Technical report on Brown Bear (Ursus arctos) contribution in ecosystem functions through 
zoochory in Prespa, N. Pindos and Rodopi Mountain Range National Parks ς GR 
 
- Assessment of bear distribution and numbers and effects in term of ecosystem functions in 
the Maiella National Park ς IT 
 
- Mapping and Assessing of Ecosystem Services ς IT-GR 
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Abstract 
 

This technical report is a deliverable of action D7 which is a part of the LIFE18 NAT/GR/000768 project (LIFE 

ARCPROM) and aims to re-estimate the population size and genetic diversity of the brown bear (Ursus arctos 

L.) in Greece, through the genetic analysis of hair samples from the Prespa, N. Pindos and Rodopi Mountain-

range National Parks, using the same set of microsatellite loci. Move over, migration rates and admixture 

between the three studied areas were re-evaluated based on the new dataset. The results were discussed in 

comparison to the outcome of action A2 (2022), referring to the first study in the aforementioned areas. 

Since point estimates of population size obtained with just one survey have low management value, 

conservation strategies should be based on long-term monitoring with repetitive surveys. The NGS and the 

subsequent amplification for 10 microsatellite loci allowed the identification of 30 unique individuals in N. 

Pindos National Park during 2022-2023 survey, 29 in Prespa National Park and 43 in Rodopi Mountain-range 

National Park, indicating respectively the presence of a minimum population of this size in each study area. 

Expected heterozygosity values were almost the same or close to values obtained in the study conducted 

during action A2 of LIFE ARCPROM project, while the inbreeding coefficient value over all loci (FIS= 0.014-

0.055) was low, pointing out that populations seem to be in good conservation status.  Effective population 

sizes estimated in D7 action was almost the same as the ones obtained under action A2. As far as estimation 

of census population size (Nc), it was 1.5 to 2 times more than effective population size being 133 individuals 

for N. Pindos NP (95% CI 51-149 individuals), 76 individuals for Prespa NP (95% CI 80-200 individuals) and 156 

individuals for Rodopi Mountain-range NP (95% CI being 84-175 individuals). In our case, Nc values that are 

towards of more stable populations that they are not in risk of losing genetic diversity in the near future.  

Comparing values to action A2 results, census population size values are much lower in the case of Pindos 

and Prespa NP, and larger in the case of Rodopi NP. This inconsistency could probably be attributed to a low 

capture index ranging from 1.14-1.34. The population structure between the three studied sub-populations 

revealed that Rodopi Mountain-range population is much more differentiated compared to N. Pindos and 

Prespes, which revealed higher levels of admixture. Levels of gene flow and exchange of individuals between 

the western and eastern parts of the brown bear distribution range and their respective population nuclei 

indicate that, over the last few years, connectivity between the two geographic regions may have been re-

established to a certain extent. Multiple/consecutive sampling sessions in order to increase the number of 

good quality samples and the recapture index are of high importance. 
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ʃʶˊʾ˂ʹ˕ʹ 

ɶ ˉʰˊˇˏˋʰ ˍʶ˔˄ʽˁʺ ʷˁʻʶˋʹ ʰˉˇˍʶ˂ʶʾ ˉʰˊʰʵˇˍʷˇ ˍʹˌ ʵˊʱˋʹˌ DтΣ ʹ ˇˉˇʾʰ ʰˉˇˍʶ˂ʶʾ ˃ʷˊˇˌ ˍˇˎ ʷˊʴˇˎ LIFE18 

NAT/GR/000768 (LIFE ARCPROMύ ˁʰʽ ʰˉˇˋˁˇˉʶʾ ˋˍʹ˄ ʶˉʰ˄ʶˁˍʾ˃ʹˋʹ ˍˇˎ ˃ʶʴʷʻˇˎˌ ˍˇˎ ˉ˂ʹʻˎˋ˃ˇˏ ˁʰʽ ˍʹˌ 

ʴʶ˄ʶˍʽˁʺˌ ˉˇʽˁʽ˂ˈˍʹˍʰˌ ˍʹˌ ˁʰ˒ʷ ʰˊˁˇˏʵʰˌ όUrsus arctos LΦύ ˋˍʹ˄ ɳ˂˂ʱʵʰΣ ˃ʷˋ˖ ˍʹˌ ʴʶ˄ʶˍʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌ 

ʵʶʽʴ˃ʱˍ˖˄ ˍˊʽ˔˗˄ ʰˉˈ ˍʰ ɳʻ˄ʽˁʱ ʃʱˊˁʰ ʃˊʶˋˉ˗˄Σ ɰΦ ʃʾ˄ʵˇˎ ˁʰʽ ʁˊΦ ʄˇʵˈˉʹˌΣ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ʾʵʽˇˎ 

ˋˎ˄ˈ˂ˇˎ ˃ʽˁˊˇʵˇˊˎ˒ˇˊʽˁ˗˄ ˍˈˉ˖˄Φ ɶ ˃ʶˍʰˁʾ˄ʹˋʹΣ ˇ ˊˎʻ˃ˈˌ ˃ʶˍʰ˄ʱˋˍʶˎˋʹˌ ˁʰʽ ʹ ˉˊˈˋ˃ʽ˅ʹ ˃ʶˍʰ˅ˏ ˍ˖˄ 

ˍˊʽ˗˄ ˉʶˊʽˇ˔˗˄ ˉˇˎ ˃ʶ˂ʶˍʺʻʹˁʰ˄ ˁʰʽ ʶˉʰ˄ʰ˅ʽˇ˂ˇʴʺʻʹˁʰ˄ ˃ʶ ʲʱˋʹ ˍˇ ˄ʷˇ ˋˏ˄ˇ˂ˇ ʵʶʵˇ˃ʷ˄˖˄Φ ʆʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˎʸʹˍʺʻʹˁʰ˄ όʰ˄ʰ˂ˏʻʹˁʰ˄ύ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʹ ʵˊʱˋʹ ɮнΣ ˉˇˎ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍʹ˄ ˉˊ˗ˍʹ 

˃ʶ˂ʷˍʹ ˋˍʽˌ ˉˊˇʰ˄ʰ˒ʶˊʻʶʾˋʶˌ ˉʶˊʽˇ˔ʷˌΣ ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ˇʽ ˋʹ˃ʶʽʰˁʷˌ ʶˁˍʽ˃ʺˋʶʽˌ ˍˇˎ ˃ʶʴʷʻˇˎˌ ˍˇˎ 

ˉ˂ʹʻˎˋ˃ˇˏΣ ˉˇˎ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˃ʶ ˃ʾʰ ˃ˈ˄ˇ ʷˊʶˎ˄ʰ ʷ˔ˇˎ˄ ˔ʰ˃ʹ˂ʺ ʵʽʰ˔ʶʽˊʽˋˍʽˁʺ ʰ˅ʾʰ ˁʰʽ ˇʽ ˋˍˊʰˍʹʴʽˁʷˌ 

ʵʽʰˍʺˊʹˋʹˌ ˉˊʷˉʶʽ ˄ʰ ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ ˃ʰˁˊˇ˔ˊˈ˄ʽʰ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹΦ ɶ NGS ˁ ʰʽ ʹ ʶˉʰˁˈ˂ˇˎʻʹ ʶ˄ʾˋ˔ˎˋʹ ʴʽʰ 

мл ˃ʽˁˊˇʵˇˊˎ˒ˇˊʽˁˇˏˌ ˍˈˉˇˎˌ ʶˉʷˍˊʶ˕ʶ ˍʹ˄ ˍʰˎˍˇˉˇʾʹˋʹ όолύ ˃ˇ˄ʰʵʽˁ˗˄ ʰˍˈ˃˖˄ ˋˍˇ ɳʻ˄ʽˁˈ ʃʱˊˁˇ ɰΦ 

ʃʾ˄ʵˇˎΣ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʷˊʶˎ˄ʰˌ нлнн-нлноΣ όнфύ ˋˍˇ ɳʻ˄ʽˁˈ ʃʱˊˁˇ ʃˊʶˋˉ˗˄ ˁʰʽ όпоύ ˋˍˇ ɳʻ˄ʽˁˈ 

ʃʱˊˁˇ ʁˊΦ ʄˇʵˈˉʹˌΣ ˎˉˇʵʶʽˁ˄ˏˇ˄ˍʰˌ ʰ˄ˍʾˋˍˇʽ˔ʰ ˍʹ˄ ˉʰˊˇˎˋʾʰ ʶ˄ˈˌ ʶ˂ʱ˔ʽˋˍˇˎ ˉ˂ʹʻˎˋ˃ˇˏ ʰˎˍˇˏ ˍˇˎ 

˃ʶʴʷʻˇˎˌ ˋʶ ˁʱʻʶ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌΦ ʁʽ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʶˌ ˍʽ˃ʷˌ ʶˍʶˊˇʸˎʴ˖ˍʾʰˌ ʺˍʰ˄ ˋ˔ʶʵˈ˄ ˇʽ ʾʵʽʶˌ ʺ ˁˇ˄ˍʱ ˋˍʽˌ 

ˍʽ˃ʷˌ ˉˇˎ ʶ˂ʺ˒ʻʹˋʰ˄ όˎˉˇ˂ˇʴʾˋˍʹˁʰ˄κʶˁˍʽ˃ʺʻʹˁʰ˄ύ ˋˍʹ ˃ʶ˂ʷˍʹ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʵˊʱˋʹˌ ɮн ˍˇˎ 

ARCPROMΣ ʶ˄˗ ʹ ˍʽ˃ʺ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶ˄ʵˇʴʰ˃ʾʰˌ ˋʶ ˈ˂ˇˎˌ ˍˇˎˌ ˍˈˉˇˎˌ όFIS= 0,014-лΣлррύ ʺˍʰ˄ ˔ʰ˃ʹ˂ʺΣ 

ʶˉʽˋʹ˃ʰʾ˄ˇ˄ˍʰˌ ˈˍʽ ˇʽ ˉ˂ʹʻˎˋ˃ˇʾ ˒ʰʾ˄ʶˍʰʽ ˄ʰ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ˁʰ˂ʱ ʶˉʾˉʶʵʰ ʴʶ˄ʶˍʽˁʺˌ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰˌΦ  ʆˇ 

ʵˊʰˋˍʽˁˈ ˃ʷʴʶʻˇˌ όNeύ ˍˇˎ ˉ˂ʹʻˎˋ˃ˇˏ ˉˇˎ ʶˁˍʽ˃ʺʻʹˁʶ ˋˍʹ ʵˊʱˋʹ Dт ʺˍʰ˄ ˋ˔ʶʵˈ˄ ˍˇ ʾʵʽˇ ˃ʶ ˍʹ ʵˊʱˋʹ ɮнΦ 

ʂˋˇ˄ ʰ˒ˇˊʱ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ˉˊʰʴ˃ʰˍʽˁˇˏ ˃ʶʴʷʻˇˎˌ (NcύΣ ʺˍʰ˄ мΣр ʷ˖ˌ н ˒ˇˊʷˌ ˃ʶʴʰ˂ˏˍʶˊˇ ʰˉˈ ˍˇ 

ʵˊʰˋˍʽˁˈ ˃ʷʴʶʻˇˌ ˍˇˎ ˉ˂ʹʻˎˋ˃ˇˏ ˁʰʽ ʺˍʰ˄ моо ʱˍˇ˃ʰ ʴʽʰ ˍˇ ɳʻ˄ʽˁˈ ʃʱˊˁˇ ɰΦ ʃʾ˄ʵˇˎ όфр҈ ɲɳ рм-149 

ʱˍˇ˃ʰύΣ тс ʱˍˇ˃ʰ ʴʽʰ ˍˇ ɳʻ˄ʽˁˈ ʃʱˊˁˇ ʃˊʶˋˉ˗˄ όфр҈ ɲɳ ул-нлл ʱˍˇ˃ʰύ ˁʰʽ мрс ʱˍˇ˃ʰ ʴʽʰ ˍˇ ɳʻ˄ʽˁˈ ʃʱˊˁˇ 

ʁˊΦ ʄˇʵˈˉʹˌ όфр҈ ɲɳ уп-мрр ʱˍˇ˃ʰύΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʺ ˃ʰˌΣ ˇ Nc ɻ ʶʾˁˍʹˌ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊˇˌ ʰˉˈ ˍˇ ʵˊʰˋˍʽˁˈ 

˃ʷʴʶʻˇˌΣ ˍʽ˃ʷˌ ˉˇˎ ʶʾ˄ʰʽ ˉˊˇˌ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹ ˉʽˇ ˋˍʰʻʶˊ˗˄ ˉ˂ʹʻˎˋ˃˗˄ ˉˇˎ ʵʶ˄ ˁʽ˄ʵˎ˄ʶˏˇˎ˄ ˄ʰ ˔ʱˋˇˎ˄ 

ˍʹ ʴʶ˄ʶˍʽˁʺ ˉˇʽˁʽ˂ˈˍʹˍʰ ˋˍˇ ʶʴʴˏˌ ˃ʷ˂˂ˇ˄Φ  ʅˎʴˁˊʾ˄ˇ˄ˍʰˌ ˍʽˌ ˍʽ˃ʷˌ ˃ʶ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʵˊʱˋʹˌ ɮнΣ ʶʾ˄ʰʽ 

ˉˇ˂ˏ ˔ʰ˃ʹ˂ˈˍʶˊʶˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ  ɰΦ ʃʾ˄ʵˇˎ ˁʰʽ ˍ˖˄ ʃˊʶˋˉ˗˄ ˁʰʽ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ 

ʁ .́ ʄˇʵˈˉʹˌΦ ɮˎˍʺ ʹ ʰˋˎ˄ʷˉʶʽʰ ʻʰ ˃ˉˇˊˇˏˋʶ ˉʽʻʰ˄˗ˌ ˄ʰ ʰˉˇʵˇʻʶʾ ˋˍˇ˄ ˔ʰ˃ʹ˂ˈ ʵʶʾˁˍʹ ˋˏ˂˂ʹ˕ʹˌ ˉˇˎ 

ˁˎ˃ʰʾ˄ʶˍʰʽ ʰˉˈ мΣмп-мΣопΦ  ɶ ʵˇ˃ʺ ˍˇˎ ˉ˂ʹʻˎˋ˃ˇˏ ˃ʶˍʰ˅ˏ ˍ˖˄ ˍˊʽ˗˄ ˎˉˇ-ˉ˂ʹʻˎˋ˃˗˄ ˉˇˎ ˃ʶ˂ʶˍʺʻʹˁʰ˄ 

ʰˉˇˁʱ˂ˎ˕ʶ ˈˍʽ ˇ ˉ˂ʹʻˎˋ˃ˈˌ ˍʹˌ ʁ́ Φ ʄˇʵˈˉʹˌ ʶʾ˄ʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ʴʶ˄ʶˍʽˁʱ ʵʽʰ˒ˇˊˇˉˇʽʹ˃ʷ˄ˇˌ ˋʶ ˋˏʴˁˊʽˋʹ 

˃ʶ ˍˇ˄ ˉ˂ʹʻˎˋ˃ˈ ˍʹˌ ɰΦ ʃʾ˄ʵˇˎ ˁʰʽ ˍ˖˄ ʃˊʶˋˉ˗˄ ˉˇˎ ʰˉˇˁʱ˂ˎ˕ʰ˄ ˎ˕ʹ˂ˈˍʶˊʰ ʶˉʾˉʶʵʰ ˉˊˈˋ˃ʽ˅ʹˌΦ ʆʰ 

ʶˉʾˉʶʵʰ ʴˇ˄ʽʵʽʰˁʺˌ ˊˇʺˌ ˁʰʽ ʰ˄ˍʰ˂˂ʰʴʺˌ ʰˍˈ˃˖˄ ˃ʶˍʰ˅ˏ ˍˇˎ ʵˎˍʽˁˇˏ ˁʰʽ ˍˇˎ ʰ˄ʰˍˇ˂ʽˁˇˏ ˍ˃ʺ˃ʰˍˇˌ ˍʹˌ 

ˉʶˊʽˇ˔ʺˌ ʶ˅ʱˉ˂˖ˋʹˌ ˍʹˌ ˁʰ˒ʷ ʰˊˁˇˏʵʰˌΣ ʷʵʶʽ˅ʰ˄ ˈˍʽ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ˍʶ˂ʶˎˍʰʾ˖˄ ʶˍ˗˄ ʹ 

ˋˎ˄ʵʶˋʽ˃ˈˍʹˍʰ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵˏˇ ʴʶ˖ʴˊʰ˒ʽˁ˗˄ ˉʶˊʽˇ˔˗˄ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ʶʽ ʰˉˇˁʰˍʰˋˍʰʻʶʾ ˋʶ ʷ˄ʰ ˇˊʽˋ˃ʷ˄ˇ 

ʶˉʾˉʶʵˇΦ ʃˇ˂˂ʰˉ˂ʷˌκʵʽʰʵˇ˔ʽˁʷˌ ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʶˌ ʴʽʰ ʰˏ˅ʹˋʹ ˍʹˌ ˉˇʽˈˍʹˍʰˌ ʵʶʽʴ˃ʱˍ˖˄ ˁʰʽ ˍˇˎ ʵʶʾˁˍʹ 

ʶˉʰ˄ʰ-ˋˏ˂˂ʹ˕ʹˌ ʷ˔ˇˎ˄ ˃ʶʴʱ˂ʹ ˋʹ˃ʰˋʾʰ ʴʽʰ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ˉ˂ʹʻˎˋ˃˗˄Φ 
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Riassunto 
 

Questo rapporto tecnico è un risultato dell'azione D7, che fa parte del progetto LIFE18 NAT/GR/000768 (LIFE 

!w/twhaύΣ Ŝ Ƙŀ ƭΩƻōƛŜǘǘƛǾƻ Řƛ ǊƛŎŀƭŎƻƭŀǊŜ ƭŀ ŘƛƳŜƴǎƛƻƴŜ ŘŜƭƭŀ ǇƻǇƻƭŀȊƛƻƴŜ Ŝ ƭŀ ŘƛǾŜǊǎƛǘŁ ƎŜƴŜǘƛŎŀ ŘŜƭƭΩƻǊǎƻ 

bruno (Ursus arctos L.) in Grecia, attraǾŜǊǎƻ ƭΩŀƴŀƭƛǎƛ ƎŜƴŜǘƛŎŀ Řƛ ŎŀƳǇƛƻƴƛ Řƛ ǇŜƭƻ ǇǊƻǾŜƴƛŜƴǘƛ Řŀƛ tŀǊŎƘƛ 

Nazionali di Prespa, Pindo e Rodopi, utilizzando lo stesso set di marcatori microsatelliti. Inoltre, il tasso di 

ƳƛƎǊŀȊƛƻƴŜ Ŝ ƭΩƛƴǘǊƻƎǊŜǎǎƛƻƴŜ ƎŜƴŜǘƛŎŀ ǘǊŀ ƭŜ ǘǊŜ ŀǊŜŜ ǎǘǳŘƛŀǘŜ ǎƻƴƻ ǎǘŀǘƛ rivalutati sulla base del nuovo set di 

ŘŀǘƛΦ L Ǌƛǎǳƭǘŀǘƛ ǎƻƴƻ ǎǘŀǘƛ ŘƛǎŎǳǎǎƛ ƛƴ ŎƻƴŦǊƻƴǘƻ Ŏƻƴ ǉǳŜƭƭƛ ŘŜƭƭΩŀȊƛƻƴŜ !н όнлннύΣ ǊƛŦŜǊƛǘŀ ŀƭ ǇǊƛƳƻ ǎǘǳŘƛƻ 

condotto nelle suddette aree, considerando che le stime puntuali della dimensione della popolazione 

ottenutŜ Ŏƻƴ ǳƴΩǳƴƛŎŀ ǊƛƭŜǾŀȊƛƻƴŜ Ƙŀƴƴƻ ǳƴ ǾŀƭƻǊŜ ƎŜǎǘƛƻƴŀƭŜ ƭƛƳƛǘŀǘƻΣ Ŝ ŎƘŜ ƭŜ ǎǘǊŀǘŜƎƛŜ Řƛ ŎƻƴǎŜǊǾŀȊƛƻƴŜ 

dovrebbero basarsi su un monitoraggio a lungo termine con rilevazioni ripetute. 

Il sequenziamento NGS e la successiva amplificazione di 10 loci microsatelliti hanno permesso 

ƭΩƛŘŜƴǘƛŦƛŎŀȊƛƻƴŜ Řƛ ол ƛƴŘƛǾƛŘǳƛ ǳƴƛŎƛ ƴŜƭ tŀǊŎƻ bŀȊƛƻƴŀƭŜ ŘŜƭ tƛƴŘƻ ŘǳǊŀƴǘŜ ƭΩƛƴŘŀƎƛƴŜ нлнн-2023, 29 nel Parco 

Nazionale di Prespa e 43 nel Parco Nazionale di Rodopi, indicando rispettivamente la presenza di una 

popolazione minima di tali dimensioni in ciascuna area di studio. I valori di eterozigosità attesa sono quasi 

ƛŘŜƴǘƛŎƛ ƻ ǾƛŎƛƴƛ ŀ ǉǳŜƭƭƛ ƻǘǘŜƴǳǘƛ ƴŜƭƭƻ ǎǘǳŘƛƻ ŎƻƴŘƻǘǘƻ ŘǳǊŀƴǘŜ ƭΩŀȊƛƻƴŜ !н ŘŜƭ ǇǊƻƎŜǘǘƻ [LCE ARCPROM, 

mentre il coefficiente di consanguineità su tutti i loci (FIS = 0.014ς0.055) è basso, indicando che le popolazioni 

sembrano trovarsi in buono stato di conservazione. Le dimensioni effettive delle popolazioni stimate 

ƴŜƭƭΩŀȊƛƻƴŜ 5т ǎƻƴƻ ǊƛǎǳƭǘŀǘŜ ǎƛƳƛƭƛ ŀ ǉǳŜƭƭŜ ƻǘǘŜƴǳǘŜ ƴŜƭƭΩŀƳōƛǘƻ ŘŜƭƭΩŀȊƛƻƴŜ !нΦ tŜǊ ǉǳŀƴǘƻ ǊƛƎǳŀǊŘŀ ƭŀ ǎǘƛƳŀ 

della dimensione della popolazione censita (Nc), questa era da 1,5 a 2 volte maggiore della dimensione 

effettiva della popolazione: 133 individui per il Parco Nazionale del Pindo (IC 95%: 51ς149 individui), 76 

individui per il Parco Nazionale di Prespa (IC 95%: 80ς200 individui) e 156 individui per il Parco Nazionale di 

Rodopi (IC 95%: 84ς175 individui). In questo caso, i valori di Nc indicano popolazioni tendenzialmente stabili, 

non a rischio di perdita della diversità genetica nel prossimo futuro. 

/ƻƴŦǊƻƴǘŀƴŘƻ ƛ ǾŀƭƻǊƛ Ŏƻƴ ƛ Ǌƛǎǳƭǘŀǘƛ ŘŜƭƭΩŀȊƛƻƴŜ !нΣ ƭŜ ŘƛƳŜƴǎƛƻƴƛ ŘŜƭƭŀ ǇƻǇƻƭŀȊƛƻƴŜ ŎŜƴǎƛǘŀ Ǌƛǎǳƭǘŀƴƻ Ƴƻƭǘƻ 

inferiori nei Parchi Nazionali di Pindo e Prespa, e maggiori nel caso del Parco Nazionale di Rodopi. Questa 

incongruenza potrebbe probabilmente essere attribuita a un basso indice di cattura, compreso tra 1,14 e 

1,34. La struttura della popolazione tra le tre sottopopolazioni studiate ha rivelato che la popolazione di 

Rodopi è molto più differenziata rispetto a quelle di Pindo e Prespa, che mostrano livelli più elevati di 

mescolanza genetica. I livelli di flusso genico e di scambio di individui tra le parti occidentale e orientale 

ŘŜƭƭΩŀǊŜŀƭŜ Řƛ ŘƛǎǘǊƛōǳȊƛƻƴŜ ŘŜƭƭΩƻǊǎƻ ōǊǳƴƻ Ŝ ŘŜƛ ǊŜƭŀǘƛǾƛ ƴǳŎƭŜƛ Řƛ ǇƻǇƻƭŀȊƛƻƴŜ ƛƴŘƛŎŀƴƻ ŎƘŜΣ ƴŜƎƭƛ ǳƭǘƛƳƛ ŀƴƴƛΣ 

la connettività tra le due regioni geografiche potrebbe essere stata in parte ristabilita. 

È di fondamentale importanza effettuare sessioni di campionamento multiple e consecutive per aumentare 

ƛƭ ƴǳƳŜǊƻ Řƛ ŎŀƳǇƛƻƴƛ Řƛ ōǳƻƴŀ ǉǳŀƭƛǘŁ Ŝ ƭΩƛƴŘƛŎŜ Řƛ ǊƛŎŀǘǘǳǊŀΦ 
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1. Introduction 
 

Non-invasive genetic sampling is commonly used as a reliable alternative sampling method not only for the 

genetic study of rare or elusive animal species but for the estimation of their abundance as well (Kohn & 

Wayne 1997, Kohn et al. 1999, Bellemain et al. 2005, Waits & Paetkau 2005, Luikart et al. 2010). 

This methodology was applied in action A2 which is a part of the LIFE18 NAT/GR/000768 project (LIFE 

ARCPROM), aiming to estimate the population size and genetic diversity of the brown bear (Ursus arctos L.) 

in Greece, through genetic analysis of samples obtained from the Prespa (PNP), N. Pindos (PINDNP) and 

Rodopi Mountain-range (RMNP) National Parks. The analysis using 10 mirco-satellite loci revealed that the 

minimum population, as derived from genetic identification was 53, 65 and 121 number of individuals for 

MBPNP, PINDNP and RMNP, respectively. Moreover, Nc using the Capwire software (Miller et al. 2005) the 

estimation was 191, 202 and 92 individuals for MBPNP, PINDNP and RMNP, respectively. However, point 

estimates of population size obtained with just one survey have low conservation/management value as they 

are essentially a snapshot of the population and only through in-depth research over time safer conclusions 

can be drawn, aiming at establishing proper conservation/management strategies of the species populations. 

Moreover, the authors of Capwire software claim that accurate estimates are obtained with arrest/person 

values of close to 2 (see Miller et al. 2005). In the previous study (under action A2), recapture index was lower 

than 1.7, thus the obtained results should be treated cautiously. As suggested, more intensive sampling 

(increasing the number and quality of samples) could in the future allow more accurate population size.  

Therefore, the aim of the second Ursus arctos sub-populations survey in the (3) National parks of GR 

(under action D7 of the project) was to genetically identify individuals and re-estimate the population size of 

the bears in Prespa, N. Pindos and Rodopi Mountain-range National Parks, based on the genetic analysis of 

new hair samples using the same set of 10 microsatellite loci. Moreover, migration rate and admixture 

between the three studied area was re-evaluated based on the new data set from this second survey. 
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2. Materials and Methods 

 

2.1 Sampling 

Sampling protocol was the same as the one implemented under action A2  of the project. Sampling was 

performed by using a hair trap network, which was established during LIFE ARCPROM project and it was 

revisited monthly from autumn 2022-autumm 2023. The selection of these specific poles was made at the 

beginning of the study after inspection of the local power pole network for recent bear signs (claw marks, 

hairs or mud = active poles) Figure 1. The exact location of hair traps is given in action A6 (see also Figure 2). 

All hairs found on one barb of the barbed wire on a given power pole were considered as one sample. They 

were placed in uniquely numbered paper envelopes labelled with the exact location, coordinates and date 

of collection and then stored at -20oC in zip-lock bags with silica gel, until being analyzed by the UTH 

laboratory. In total, 680 hair samples were collected.  

 

 

 

Figure 1: Active power pole and Hair trap on power pole with hair samples collection. 
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(a) 

(b) 
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Figure 2: fotomaps with the network of hair traps used for the collection of 680 hair samples in the (3) 

National Parks of the project in GR. (a) N. Pindos National Park, (b) Prespa National Park and (c) Rodopi 

Mountain-range National Park. 

 

2.2 DNA extraction from hair samples  

Generally, 2ς12 quard hairs per sample were used for DNA extraction. Under a stereoscope, hair roots were 

initially cut and transferred to a 1.5 ml tube. DNA was extracted from hair roots using the «QIAMP Mini Kit» 

όvƛŀƎŜƴΣ IƛƭŘŜƴΣ DŜǊƳŀƴȅύΣ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ƛƴǎǘǊǳctions. 

The low quantity of obtained DNA does not allow direct test of successful extraction in agarose gel. 

Thus, successful DNA extraction was evaluated through PCR amplification. To evaluate the amplification of 

the specific locus all PCR products were electrophorized using 2% agarose gel.  

 

 

2.3 PCR amplification of microsatellite loci 

DNA was amplified for 10 commonly used microsatellite loci that were G10H, Mu26, G1D, G10X, G1A, G10P, 

G10C, Mu59, G10L, Mu50. Gender identification was performed using the primers (Table 1) described by 

Ennis and Gallagher (1994), which amplified the amelogenin gene in male and female chromosomes.  

The primers that were used for each locus are shown in Table 1. 

(c) 
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Table 1: Primer sequence and size range of the 10 microsatellite loci used in Ursus arctos analysis as well 
as sex identification primers. 

 

The amplification conditions used were: denaturation at 94oC for 5min, 40 cycles at 94oC for 30sec, primer 

hybridization at 58oC for 45sec and elongation at 72oC for 1min. The final elongation was performed at 72oC 

ŦƻǊ уƳƛƴΦ ¢ƘŜ ǊŜŀŎǘƛƻƴǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƛƴ ǘƻǘŀƭ ǾƻƭǳƳŜ мр˃ƭ ǳǎƛƴƎ Iƻǘ{ǘŀǊ¢ŀǉ aŀǎǘŜǊ aƛȄ όŎƻƴǘŀƛƴǎ лΣм 

ǳƴƛǘǎκ˃ƭ Iƻǘ{ǘŀǊ¢ŀǉ 5b! tƻƭȅƳŜǊŀǎŜΣ t/w .ǳŦŦŜǊ ǿƛǘƘ о Ƴa aƎ/ƭ2, and 400µM of each dNTP), 50ngr DNA, 

мǇκ˃ƭ ŦƻǊ ŜŀŎƘ ǇǊƛƳŜǊ ŀƴŘ wbŀǎŜ-Free Water. Thermal cycling was performed using an MJ Research (Peltier 

Primer Name Sequence Size range 
Annealing 

Temperature (ᴈ) 
Reference 

G10H F 5'-CCCAACAAGAAGACCACTGTAA-3' 
221ς257 58 Paetkau et al., 1998 

G10H R 5'-CCAGAGACCACCAAGTAGGATA-3' 

G10L F 5'-TGTACTGATTTAATTCACATTTCCC-3' 
153-163 58 Paetkau et al. 1995 

G10L R 5'-GAAGATACAGAAACCTACCCATGC-3' 

Mu50 F 5'-GTCTCTGTCATTTCCCCATC-3' 
110ς130 54 Bellemain and Taberlet, 2004 

Mu50 R 5'-AACCTGGAACAAAAATTAACAC-3' 

G10P F 5'-TACATAGGAGGAAGAAAGATGG-3' 
149ς159 54 Paetkau et al. 1995 

G10P R 5'-AAAAGGCCTAAGCTACATCG-3' 

Mu59 F 5'-TGCTGCTTTGGGACATTGTAA-3' 
219ς255 58 Taberlet et al. 1997 

Mu59 R 5'-CAATCAGGCATGGGGAAGAA-3' 

G10C F 5'-AAAGCAGAAGGCCTTGATTTCCTG-3' 
97ς117 58 Paetkau et al., 1995 

G10C R 5'-GGGGACATAAACACCGAGACAGC-3' 

G1D F 5'-ATCTGTGGGTTTATAGGTTACATCAA-3' 
172ς184 54 Paetkau et al., 1995 

G1D R 5'-CTTGATACCTAGCACCCAGCAAGG-3' 

G1A F 5'-GACCCTGCATACTCTCCTCTGATG-3' 
180ς190 54 Paetkau et al. 1995 

G1A R 5'-GCACTGTCCTGCGTAGAAGTGAC-3' 

G10X F 5'-CCCTGGTAACCACAAATCTCT-3' 
132ς154 52 Paetkau et al. 1998 

G10X R 5'-TCAGTTATCTGTGAAATCAAAA-3' 

Mu26 F 5'-GCCTCAAATGACAAGATTTC-3' 
182ς200 58 Bellemain and Taberlet, 2004 

Mu26 R 5'-TCAATTAAAATAGGAAGCAGC-3 

AMELO F 5Ω-TGACTCCAACCCAACACCAC-3Ω 
206, 265 60 Ennis and Gallagher (1994) 

AMELO R 5Ω-CCCGCTTGGTCTTGTCTGTTGC-3Ω 
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Thermal Cycler) PTC-200 thermocycler with 96-ǿŜƭƭ άƎƻƭŘέ ōƭƻŎƪǎΦ .ŜŎŀǳǎŜ ƻŦ ǘƘŜ ƭƻǿ ǉǳŀƴǘƛǘȅ ƻŦ 5b!Σ ǘƘŜ 

samples were not electrophorized after DNA extraction process 

 

To evaluate the amplification of the specific locus all PCR products were electrophorized using 2% agarose 

gel. In order to identify the exact length of each microsatellite locus that was successfully amplified, we 

performed capillary electrophoresis through the QIAxcel Advanced system. 

 

2.4 Capillary electrophoresis  

High-resolution capillary electrophoresis was performed using a QIAxcel® DNA high resolution kit (Qiagen) 

ƻƴ ŀ vL!ȄŎŜƭ !ŘǾŀƴŎŜŘ {ȅǎǘŜƳ όvƛŀƎŜƴύΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ƛƴǎǘǊǳŎǘƛƻƴǎΦ ! v· 5b! {ƛȊŜ aŀǊƪŜǊ 

(Qiagen) with 10 fragment sizes ranging in size from 25 to 500bp was used to size PCR products. A QX 

Alignment Marker (Qiagen), which consisted of 15-600bp fragments, was injected onto the cartridge with 

each sample. The 0M800 method in the ScreenGel® software (Qiagen) was used for all analyses; this 

corresponds to a 10sec sample injection time at 5kV and 800sec separation time at 3kV. The QIAxcel system 

ƛƴƧŜŎǘŜŘ лΦм˃ƭ ƻŦ нл˃ƭ t/w ǇǊƻŘǳŎǘǎ ƻƴǘƻ ŀ ŎŀǊǘǊƛŘƎŜ ŦƻǊ ŀƴŀƭȅǎƛǎΦ ¢ƘŜ ǊŜǘŜƴǘƛƻƴ ǘƛƳŜ ƻŦ ǘƘŜ t/w ŦǊŀƎƳŜƴǘǎ 

relative to the 15-bp and 600-bp QX Alignment Marker fragments was calculated using the ScreenGel 

software (Qiagen). The PCR product sizes were then determined by comparing the retention time with the 

QX DNA Size Marker. The ScreenGel software produces a digital gel image and an electropherogram for 

fragment analysis (Indicative photos of the digital gel images and electropherograms of PCR products are 

shown in Annex) The high detection sensitivity provided by the QIAxcel Advanced System enables robust 

results even with low concentrations of nucleic acid. QIAxcel Advanced system has a high resolution for 

fragments smaller than 0.5kb and ensures great accuracy and confidence in data interpretation. Sample 

ŎƻƴǎǳƳǇǘƛƻƴ ƛǎ ƭŜǎǎ ǘƘŀƴ лΦм˃ƭ ǇŜǊ ŀƴŀƭȅǎƛǎΣ ǎŀǾƛƴƎ ǇǊŜŎƛƻǳǎ ǎŀƳǇƭŜǎ ŦƻǊ ŦǳǊǘƘŜǊ ŘƻǿƴǎǘǊŜŀƳ ŀƴŀlysis. 

 

2.5 Statistical analysis 

 

ά5ǊƻǇƻǳǘέ ǎƻŦǘǿŀǊŜ όMcKelvey & Schwartz 2005) was used to determine whether a sample contains 

genotyping errors, and the relative magnitude of the problem as well as the number of unique genotypes.  

To evaluate the suitability of the marker set for identifying individuals, the probability of identity 

(PID; Paetkau and Strobeck 1994) and the more conservative probability of identity among siblings (PID-Sib; 

Waits et al. 2001) we used ǘƘŜ ǎƻŦǘǿŀǊŜ άDƛƳƭŜǘ ǾΦ мΦоΦнέ ό±ŀƭƛŜǊŜ 2002).  
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Observed (Ho) and expected (He) heterozygosity values for each locus and population were 

calculated using GENEPOP 4.0 (Raymond and Rousset 1995). Deviation from Hardy-Weinberg equilibrium 

ǿŀǎ ǘŜǎǘŜŘ ǳǎƛƴƎ CƛǎƘŜǊΩǎ ŜȄŀŎǘ ǘŜǎǘǎ όwŀȅƳƻƴŘ ŀƴŘ wƻǳǎǎŜǘ 1995) with unbiased P-values derived by a 

Markov chain method with the same software. The significance value for multiple significance tests was set 

using the sequential Bonferroni procedure (Rice 1989). CERVUS 3.0.3 (Kalinowski et al. 2007) was used to 

evaluate polymorphic information content (PIC), null allele probability and number of alleles for each locus 

and population. 

To test for recent genetic bottleneck, deviations from expected heterozygosity were inferred under 

the assumption of mutation drift equilibrium by either stepwise mutation model (SMM) or the two-phase 

model (TPM), we used the program BOTTLENECK 1.2.02 (Cornuet and Luikart 1996). The data were analysed 

with the recommended settings (Piry et al. 1999).  

The Ne of the brown bear sub-populations was estimated using one-point estimate methodologies 

implemented in NeESTIMATOR 1.3 software (Peel et al. 2004).  Ne was calculated using the linkage 

disequilibrium method option of NeESTIMATOR.  

Total population size (Nc) was estimated using the estimator implemented in the captureςmarkς

recapture-based program for non-invasive genetic sampling CAPWIRE (Miller et al. 2005). CAPWIRE 

accommodates data with multiple observations of an individual within a single session and appears to work 

well for small populations (<100 individuals), such as the one expected in our study area (Miller et al. 2005). 

Possible capture heterogeneity in our data, due to the collection of genetic samples from power poles 

(Karamanlidis et al. 2007), necessitated the use of the two innate rates model (TIRM) for the calculation of 

population size. 

The genetic structure was investigated using a Bayesian clustering method. STRUCTURE 2.3 

(Pritchard, Stephens, & Donnelly, 2000) was used to infer the number of genetic clusters (K). The log-

likelihoods of our data set (ln Pr(X|K)) were estimated for different numbers of genetic clusters using an 

admixture ancestry model based on 100000 burn-in steps followed by 1000000 MCMC replicates. We utilized 

a method developed by (Evanno, Regnaut, & Goudet, 2005) to determine the number of populations present, 

based on the second-order rate of change in the log probability of the data (ɲK) among 20 runs of each 

assumed K using the web-ōŀǎŜŘ ǳǘƛƭƛǘȅ άIŀǊǾŜǎǘέ όhttp://taylor0.biology.ucla.edu/struct_harvest/). 

Additionally, FSTAT 2.9.3.2 (Goudet 2001) was used to compute pairwise FST between each pair of sample 

sites while exact test of population diferentiation was calculated with GENEPOP 4.0.  

Finally, we used the BayesAss (Wilson and Rannala, 2003) in order to estimate the recent migration 

rates between populations. BayesAss uses Bayesian inference with Markov chain Monte Carlo (MCMC). We 

used the default number of iterations population (5,000,000) for the MCMC and we obtained the matrix of 

http://taylor0.biology.ucla.edu/struct_harvest/
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inferred (posterior mean) migration rates and the standard deviation of the marginal posterior distribution 

for each estimate. 
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3. Results  

3.1 Non-invasive samples quality 

The total number of samples collected in the field during the whole sampling season from all (3) study areas 

(National Parks) was n=680. In genetics, the quality of hairs is crucial for successful DNA extraction as well as 

PCR amplification of the selected microsatellite markers. In the present study, only 83 (32%) samples of N. 

Pindos, 86 (52%) hair samples of Prespes and 104 hair samples of Rodopi (41.6%) were selected to proceed 

for DNA extraction. PCR amplification of at least 6 microsatellite loci as well as the sex marker was feasible 

in 35 samples (42%) from N. Pindos National Park, 39 samples from Prespes NP (45%) and 52 from Rodopi 

Mountain ς range NP (50%). From the total number of genotypes obtained for the 10 loci in non-invasive 

samples, 10% genotypes differed in the alleles between the first and the second PCR and thus a third PCR 

reaction was performed.  

 

3.2 Individuals identification, genetic diversity indices and population status 

 

3.2.1 Prespa National Park 

CǊƻƳ ǘƘŜ оф ǎŀƳǇƭŜǎ ƎŜƴƻǘȅǇŜŘ ƛƴ ƳƻǊŜ ǘƘŀƴ с ƭƻŎƛΣ мл ǎŀƳǇƭŜǎ ǿŜǊŜ άǊŜŎŀǇǘǳǊŜǎέ ƻŦ ǘƘŜ ǎŀƳŜ 

individuals and thus, in total, 29 unique genotypes were identified in Prespa NP (Table 2). Twenty-one 

individuals of the unique bears were caught only once, while the rest 8 individuals were capture from 2 to 

three times with the mean arrest/sample ratio being 1.34. Details about the number, the location, the date 

and the distance between recaptures are given in Table 3. For the majority of ǘƘŜ ŎŀǎŜǎΣ ǘƘŜ άǊŜŎŀǇǘǳǊŜdέ 

samples were collected at the same location with the exception of one individual that moved 40km. Gender 

identification was achieved in all 29 unique samples.  The majority of samples (17 individuals) were males 

(see Table 2), with male/female ratio being 1:4.  

All loci in the study were polymorphic, with the number of alleles per locus ranging between 4 and 

10 with the mean number of alleles being 6.1 (Table 4). G10H was the less polymorphic one with an observed 

heterozygosity value of 43.8%, while MU26, G10P and Mu50 were the most polymorphic with an observed 

heterozygosity value more than 94%. In all loci, heterozygotes are almost equal or more than homozygotes. 

Additionally, G10H and Mu59 revealed great deviation between observed and expected heterozygosity 

values due to the presence of null alleles (Fnull=0.50 and 0.364 respectively). More than 50% of the selected 

markers had high PIC values (mean=0.658) pointing the high degree of informativeness of these markers in 

evaluating genetic diversity. The probability of identity among siblings (PID-Sib) was lower than 0.05 for most 

of the loci, indicating low presence of siblings and recommending that the data can be used for population 

size estimation (Waits et al. 2001). 
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Concerning HardyςWeinberg tests per locus, almost all loci, deviate from HardyςWeinberg 

equilibrium. Additionally, the population is not in HardyςWeinberg equilibrium. The inbreeding coefficient 

value over all loci were very low (FIS= 0.055) indicating lack of heterozygosity deficiency and thus lack of 

inbreeding. The mean observed heterozygosity was 0.7269, and the unbiased expected heterozygosity was 

0.7110. 

Tests for bottleneck phenomena were non-significant for both stepwise and two mutation phase 

models for any sample (0.05<P<0.37 and 0.04<P<0.06 respectively) and showed normal L-shaped 

distributions in mode shift. Thus, the analysis showed no evidence of a recent genetic bottleneck. 
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Table 2: Twenty nine (29) unique genotypes, representing 29 different bears and their gender (G) in Prespes area  

Sample 

code Location G 
G10H Mu26  G1D  G10X  G1A  G10P  G10C  MU59 G10L  MU50  

D.UR47 Prespes XX 228 258 188 196 190 190 146 150 0 0 150 160 118 122 243 243 168 170 110 116 

D.UR48 Prespes XX 228 228 188 196 186 190 146 148 191 193 150 160 96 96 243 251 168 170 112 116 

D.UR54 Prespes XY 226 232 188 196 186 190 146 146 191 193 160 160 118 122 231 243 168 170 112 120 

D.UR56 Prespes XX 260 260 188 196 182 190 136 136 181 181 150 156 124 126 243 243 168 170 112 118 

D.UR57 Prespes XY 244 260 188 200 0 0 146 146 191 193 152 160 112 118 0 0 168 170 112 116 

D.UR59 Prespes XY 242 258 192 196 186 190 146 154 181 181 152 160 112 118 251 251 170 170 112 116 

D.UR69 Prespes XY 234 234 0 0 190 190 146 154 189 193 148 152 108 112 0 0 168 170 116 116 

D.UR71 Prespes XY 0 0 192 200 190 190 146 148 191 193 152 156 108 118 251 251 160 168 112 116 

D.UR72 Prespes XY 0 0 188 196 0 0 146 148 191 193 150 156 96 96 241 241 168 170 110 118 

D.UR76 Prespes XX 0 0 0 0 190 190 146 146 189 191 154 160 118 122 231 251 160 170 110 112 

D.UR78 Prespes XX 234 238 188 196 190 190 146 146 189 191 154 160 118 122 0 0 160 170 110 112 

D.UR86 Prespes XY 0 0 184 188 190 190 146 146 193 193 150 160 118 122 231 231 168 170 112 116 

D.UR87 Prespes XY 242 242 188 200 186 190 146 154 191 193 152 160 112 118 251 251 168 170 112 116 

D.UR90 Prespes XY 0 0 184 184 186 190 146 146 191 193 150 156 118 122 231 239 160 162 110 112 

D.UR201 Prespes XY 242 242 188 200 190 190 146 154 191 193 146 152 108 112 251 251 168 170 112 116 

D.UR207 Prespes XX 0 0 196 200 190 190 146 154 193 193 156 160 118 120 231 239 160 168 112 118 

D.UR208 Prespes XY 0 0 188 196 190 190 146 154 193 193 150 156 112 118 243 243 168 170 110 112 

D.UR214 Prespes XX 0 0 188 192 186 190 146 146 191 193 150 152 96 96 231 241 160 164 112 116 

D.UR216 Prespes XX 0 0 188 200 190 190 146 148 191 193 150 156 118 122 239 251 170 170 112 118 
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Sample 

code Location G 
G10H Mu26  G1D  G10X  G1A  G10P  G10C  MU59 G10L  MU50  

D.UR217 Prespes XY 0 0 196 200 0 0 146 150 191 193 140 140 108 112 241 241 160 160 112 118 

D.UR218 Prespes XY 0 0 200 200 0 0 146 146 191 193 150 156 96 96 239 251 160 170 112 116 

D.UR219 Prespes XY 0 0 182 184 190 190 146 146 191 193 150 154 112 118 231 231 160 164 110 112 

D.UR220 Prespes XY 234 234 182 184 182 184 136 136 189 193 150 156 118 122 231 251 160 170 110 120 

D.UR222 Prespes XX 0 0 192 200 186 190 146 146 191 193 150 156 110 120 239 251 160 170 112 116 

D.UR224 Prespes XY 234 244 184 196 186 190 146 146 191 193 148 156 118 122 231 231 160 170 110 116 

D.UR229 Prespes XX 244 244 196 200 186 190 146 154 191 193 150 156 112 118 251 251 168 170 112 116 

D.UR249 Prespes XX 234 244 188 196 190 190 146 150 193 193 150 152 118 122 241 251 170 170 112 118 

D.UR252 Prespes XX 260 260 184 192 186 190 146 154 189 193 156 160 114 120 231 241 160 164 112 116 

D.UR255 Prespes XY 260 260 188 200 186 190 146 146 193 193 150 156 114 120 231 239 160 170 112 116 
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¢ŀōƭŜ оΥ ¢ƘŜ у άǊŜŎŀǇǘǳǊŜŘέ ōŜŀǊǎ ŀƴŘ ǘƘŜ ƳŀȄƛƳǳƳ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǊŜŎŀǇǘǳǊŜǎ ƛƴ tǊŜǎǇŀ bŀǘƛƻƴŀƭ tŀǊƪΦ 

 

Bear Area 

 

1st capture 

 

2nd capture 3rd capture Gender 
 

D.UR59 Prespa NP 8/6/22 
8/6/22 

0,35km 
- Male 

D.UR76 Prespa NP 1/11/22 
10/11/22 

40km 
- Female 

D.UR87 Prespa NP 1/11/22 
1/11/22 

0m 

 
Male 

 

D.UR90 Prespa NP 1/11/22 
1/11/22 

0m 

 
Male 

 

D.UR201 Prespa NP 24/8/23 
24/8/23 

0m 

24/8/23 

0,5km 
Male 

D.UR214 Prespa NP 24/8/23 
24/8/23 

0m 
- Female 

D.UR224 Prespa NP 12/5/23 
12/5/23 

0m 

12/5/23 

4km 
Male 

D.UR252 Prespa NP 12/5/23 
12/5/23 

0m 
- Female 

 

Table 4: Number of alleles (A), number of analysed individuals per locus (N), expected and observed 

heterozygosity (He, Ho), probability value for Hardy-Weinberg tests (PHW), polymorphic information 

content (PIC), null alleles per locus (Fnull), inbreeding coefficient (Fis), probability of identity (PID), and the 

probability of identity among siblings (PID-Sib) for Prespa NP brown bear population. 

Locus A N Ho He PIC HW Fis Fnull PID PID-Sib 

G10H 9 16 0.438 0.867 0.820 0.000 0.5035 0.504 7.92E-02 3.81E-01 

Mu26 6 26 0.923 0.807 0.759 0.0441 -0.127 -0.147 5.93E-03 1.42E-01 

G1D 4 25 0.520 0.440 0.379 0.0507 -0.156 -0.186 1.93E-03 8.23E-02 

G10X 5 29 0.517 0.526 0.488 0.0325 0.0164 0.016 3.83E-04 4.15E-02 

Dмɮ 4 28 0.750 0.627 0.550 0.0000 0.0301 -0.201 8.07E-05 2.04E-02 

G10P 8 29 0.931 0.812 0.769 0.0065 -0.189 -0.149 8.25E-06 8.22E-03 

G10C 10 29 0.862 0.834 0.798 0.0000 0.035 -0.035 3.40E-07 2.77E-03 

MU59 5 26 0.500 0.781 0.728 0.0062 0.364 0.364 3.01E-08 1.07E-03 

G10L 5 29 0.862 0.698 0.630 0.0082 0.0024 -0.024 4.99E-09 4.96E-04 
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Locus A N Ho He PIC HW Fis Fnull PID PID-Sib 

MU50 5 29 0.966 0.719 0.658 0.0022 -0.351 0.0351 7.49E-10 2.20E-04 

Mean 6.1    0.7269 0.7110 0.6580   0.000 0.055 

  

-0.022 
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As far as population size, 29 individuals were identified in total according to their composite 

genotype (Table 2). Thus, the minimum population size of bears was 29 in Prespa National Park during 2022-

2023 survey. Point estimates of Ne was found 38 using NeESTIMATOR (95% CI=23-88).   

!ǎ ŀƭǊŜŀŘȅ ƳŜƴǘƛƻƴŜŘΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ άǊŜŎŀǇǘǳǊŜǎέ ǇŜǊ ƛƴŘƛǾƛŘǳŀƭ ǊŀƴƎŜŘ ŦǊƻƳ ƻƴŜ ǘƻ ǘƘǊŜŜ ό¢ŀōƭŜ 

оύΦ aƻǎǘ ƻŦ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭǎ ǿŜǊŜ άŎŀǇǘǳǊŜŘέ ƻƴƭȅ ƻƴŎŜ ǿƘƛƭŜ у ōŜŀǊǎ ƛƴ ǘƻǘŀƭ ǿŜǊŜ άǊŜŎŀǇǘǳǊŜŘέ ƳƻǊŜ ǘƘŀƴ 

two times. Specifically, 6 individuals were captured twice and two individuals three times. Another 

interesting observation is the long-distance movement of one female individual that travelled eastwards at 

a distance of 40km overpassing the Prespa NP lake basin ecosystem natural barriers (mount Varnoudas) and 

heading to the plain of Florina (a totally humanized type of ecosystem. This is a rare observation bearing in 

mind that female brown bear individuals are philopatric exhibiting smaller home ranges than males and 

moving into shorter distances from their maternal area. The analysis with program CAPWIRE which is based 

on the number of captures and recaptures, assuming all samples have been collected in a single sampling 

session, resulted in a point estimation (Nc) of (76) individuals for Prespa NP with 95% confidence interval 

(CI) was 80-200 individuals. Confidence interval is broad (> 50% of point estimation), probably because of 

the low number of recaptures in relation to the total number of captures.  

 

3.2.2 N. Pindos National Park 

CǊƻƳ ǘƘŜ ор ǎŀƳǇƭŜǎ ƎŜƴƻǘȅǇŜŘ ƛƴ ƳƻǊŜ ǘƘŀƴ с ƭƻŎƛΣ р ǎŀƳǇƭŜǎ ǿŜǊŜ άǊŜŎŀǇǘǳǊŜǎέ ƻŦ ǘƘŜ ǎŀƳŜ 

individuals and thus, in total, 30 unique genotypes were identified in N. Pindos NP (Table 5). Twenty-six 

individuals of the unique bears were caught only once, while the rest three individuals were captured 2 times, 

while only one was captured three times with the mean arrest/sample ratio being 1.14. Details about the 

number, the location, the date and the distance between recaptures are given ƛƴ ¢ŀōƭŜ сΦ ¢ƘŜ άǊŜŎŀǇǘǳǊŜdέ 

samples were collected either at the same location, or at different locations but in relatively short distances 

(maximum distance 13km). Gender identification was achieved in all 30 unique samples.  For N. Pindos, 

females were double than males with female/male ratio being 2:1. 

In N. Pindos NP population, as in Prespa NP, all loci in the study were polymorphic, with the number 

of alleles per locus ranging between 4 and 9 with the mean number of alleles being 5.4 (Table 7). G10H was 

the least polymorphic one with an observed heterozygosity value of 28.6%, while G1A, G10C and Mu50 were 

the most polymorphic with an observed heterozygosity value more than 92%. In all loci, heterozygotes are 

much more numerous than homozygotes, with the exception of G10H.  Additionally, G10H revealed great 

deviation between observed and expected heterozygosity values due to the presence of null alleles 

(Fnull=0.43). Most of the selected markers had moderate PIC values (mean=0.6087) pointing the 
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informativeness of these markers in evaluating genetic diversity. The probability of identity among siblings 

(PID-Sib) was lower than  

0.05 for most of the loci, indicating low presence of siblings and recommending that the data can be used for 

population size estimation. 

Concerning HardyςWeinberg tests per locus, revealed statistically significant deviation from Hardyς

Weinberg equilibrium for six loci. Additionally, the population was not in HardyςWeinberg equilibrium. The 

inbreeding coefficient value over all loci were very low (FIS= 0.029) indicating lack of heterozygosity deficiency 

and thus lack of inbreeding. The mean observed heterozygosity was 0.738, and the unbiased expected 

heterozygosity was 0.6721. 

Tests for bottleneck phenomena were non-significant for both stepwise and two mutation phase 

models for any sample (0.35<P<0.92 and 0.04<P<0.08 respectively) and showed normal L-shaped 

distributions in mode shift. Thus, the analysis showed no evidence of a recent genetic bottleneck. 

 



 

26 
 

Table 5: 30 unique genotypes, representing 30 different bears and their gender (G) in N. Pindos National Park study area 

Sample 

code Location G 
G10H Mu26  G1D  G10X  G1A  G10P  G10C  MU59 G10L  MU50  

D.UR98 Pindos XY 234 234 192 196 0 0 146 154 191 193 150 156 120 126 231 239 160 162 110 112 

D.UR102 Pindos XY 234 234 184 188 180 186 146 150 189 193 150 160 122 126 243 251 170 170 116 118 

D.UR103 Pindos XY 0 0 188 200 186 190 146 148 191 193 160 160 118 120 251 251 170 170 112 116 

D.UR111 Pindos XY 234 234 188 196 186 190 146 150 191 193 156 160 118 122 231 241 170 170 110 112 

D.UR114 Pindos XY 244 244 188 196 186 190 146 150 191 193 156 160 118 122 231 231 160 164 110 112 

D.UR122 Pindos XX 0 0 184 184 190 190 146 148 185 191 160 160 120 126 231 239 170 170 110 112 

D.UR123 Pindos XX 0 0 184 196 190 190 146 148 185 191 160 160 120 126 231 239 170 170 110 112 

D.UR125 Pindos XX 242 248 188 196 186 186 146 150 191 193 148 156 120 126 0 0 170 170 110 112 

D.UR141 Pindos XX 234 234 184 188 186 190 146 150 191 193 160 160 122 126 241 251 170 170 110 112 

D.UR142 Pindos XX 0 0 184 188 186 190 146 150 191 193 160 160 122 126 241 251 170 170 110 112 

D.UR147 Pindos XY 234 238 188 196 186 190 146 148 191 193 160 160 118 122 241 241 168 170 112 116 

D.UR149 Pindos XX 0 0 188 196 190 190 146 150 191 193 160 160 120 126 231 239 170 170 110 112 

D.UR151 Pindos XX 244 244 184 184 190 190 146 154 191 193 160 160 118 122 243 243 170 170 110 112 

D.UR154 Pindos XX 234 242 188 196 186 190 146 154 191 193 156 160 122 126 241 243 160 170 110 116 

D.UR158 Pindos XX 0 0 184 192 186 190 146 150 189 191 150 152 118 122 231 251 164 168 110 112 

D.UR162 Pindos XY 244 244 188 200 186 190 146 154 185 185 156 160 120 122 231 251 0 0 112 120 

D.UR164 Pindos XX 234 244 188 196 184 190 146 154 189 193 148 156 118 122 231 251 0 0 110 112 
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Sample 

code Location G 
G10H Mu26  G1D  G10X  G1A  G10P  G10C  MU59 G10L  MU50  

D.UR179 Pindos XY 244 244 184 192 190 190 146 148 193 193 160 160 122 126 231 239 168 170 110 112 

D.UR182 Pindos XY 244 244 184 196 184 186 146 148 191 193 156 160 122 126 239 251 170 170 110 112 

D.UR188 Pindos XX 244 260 0 0 186 190 146 146 0 0 160 160 122 124 0 0 0 0 110 112 

D.UR191 Pindos XX 0 0 184 188 186 190 146 146 191 193 160 160 122 126 0 0 168 170 110 112 

D.UR195 Pindos XX 244 244 184 192 186 190 142 146 191 193 150 154 108 118 231 231 160 162 110 112 

D.UR196 Pindos XX 0 0 192 200 186 190 146 150 191 193 150 154 120 124 239 239 0 0 110 112 

D.UR232 Pindos XX 242 260 192 196 186 190 146 148 0 0 156 160 108 122 0 0 160 162 112 116 

D.UR233 Pindos XX 0 0 200 200 186 190 0 0 0 0 156 160 112 120 251 251 160 170 110 112 

D.UR234 Pindos XX 244 244 188 196 190 190 146 154 189 193 160 160 96 96 0 0 170 170 110 112 

D.UR235 Pindos XX 244 244 184 196 186 190 146 148 191 193 152 156 122 126 241 251 160 170 112 112 

D.UR238 Pindos XY 242 242 192 196 190 190 142 146 191 193 156 160 96 96 231 239 160 162 110 116 

D.UR243 Pindos XX 260 260 184 200 186 190 146 150 191 193 150 160 120 126 231 241 170 170 110 112 

D.UR245 Pindos XX 244 244 184 184 186 190 146 146 191 193 160 160 110 118 0 0 160 170 110 112 
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¢ŀōƭŜ сΥ ¢ƘŜ ŦƻǳǊ άǊŜŎŀǇǘǳǊŜŘέ ōŜŀǊǎ ŀƴŘ ǘƘŜ ƳŀȄƛƳǳƳ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǊŜŎŀǇǘǳǊŜǎ ƛƴ N. Pindos 

National Park study area 

 

 

 

 

 

 

 

 

 

Table 7: Number of alleles (A), number of analysed individuals per locus (N), expected and observed 

heterozygosity (He, Ho), probability value for Hardy-Weinberg tests (PHW), polymorphic information 

content (PIC), null alleles per locus (Fnull), inbreeding coefficient (Fis), probability of identity (PID), and the 

probability of identity among siblings (PID-Sib) for N. Pindos NP brown bear population. 

 

Locus A N Ho He PIC HW Fnull Fis PID PID-Sib 

G10H 6 21 0.286 0.697 0.634 0.000 0.4308 0.463 

1.491E-

0001   

 

4.51E-01 

 

Mu26 5 29 0.862 0.786 0.735 0.0511 -0.0576 -0.054 

1.304E-

0002  

 

1.73E-01 

 

G1D 4 29 0.724 0.540 0.436 0.0719 -0.1557 -0.038 

4.085E-

0003  

 

9.76E-02 

 

G10X 5 29 0.897 0.646 0.596 0.022 -0.2284 -0.088 

7.025E-

0004  

 

4.64E-02 

 

G1A 4 27 0.926 0.637 0.552 0.000 -0.2191 0.0125 

1.473E-

0004  

 

2.26E-02 

 

G10P 6 30 0.567 0.597 0.547 0.0038 0.0540 -0.024 

2.962E-

0005  

 

0.01133 

G10C 9 30 0.933 0.821 0.782 0.000 -0.0845 0.048 

1.801E-

0006  

 

4.07E-03 

 

MU59 5 24 0.708 0.786 0.733 0.1738 0.0357 0.236 

1.801E-

0006  

 

1.58E-03 

 

G10L 5 27 0.519 0.588 0.538 0.0045 0.1030 -0.589 

3.407E-

0008  

 

8.02E-04 

 

MU50 5 30 0.967 0.622 0.534 0.000 -0.2425 0.0313 

3.407E-

0008  

 

4.00E-04 

 
Mean 5.4   0.738 0.6721 0.6087  0.000   0.029 

 

    

Bear Area 1st capture 2nd capture 3rd capture Gender 

D.UR103 

 

          Pindos 5/11/22 
7/11/22 

6km 
 

       Male 

D.UR142 Pindos 1/7/23 
1/7/23 

0km 

1/7/23 

3km 
Female 

D.UR164 Pindos 14/7/23 
14/7/23 

13km 
- Female 

D.UR188 

 

Pindos 4/6/23 
4/6/23 

0m 
- Female 
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Regarding population size, in total 30 individuals were identified according to their composite 

genotype (Table 5). Thus, the minimum population size of bears was 30 individuals in N. Pindos National Park 

during 2022-2023 survey. Point estimates of Ne for N. Pindos NP was 97 using NeESTIMATOR (95% CI=36.1-

300).   

!ǎ ŀƭǊŜŀŘȅ ƳŜƴǘƛƻƴŜŘΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ άǊŜŎŀǇǘǳǊŜǎέ ǇŜǊ ƛƴŘƛǾƛŘǳŀƭ ǊŀƴƎŜŘ ŦǊƻƳ ƻƴŜ ǘƻ ǘƘǊŜŜ ό¢ŀōƭŜ 

сύΦ aƻǎǘ ƻŦ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭǎ ǿŜǊŜ άŎŀǇǘǳǊŜŘέ ƻƴƭȅ ƻƴŎŜ ǿƘƛƭŜ п ōŜŀǊǎ ƛƴ ǘƻǘŀƭ ǿŜǊŜ άǊŜŎŀǇǘǳǊŜŘέ ǘǿƻ ƻǊ ǘƘǊŜŜ 

times. Specifically, three individuals of N. Pindos National Park were captured twice, while only one was 

captured three times.  

The analysis with the CAPWIRE program (capture index=1.14) resulted in a point estimation (Nc) of 

133 individuals for N. Pindos NP with a 95% confidence interval (CI) for a population range of 51-149 

individuals. As mentioned in Prespes analysis, confidence interval is broad (> 50% of point estimation), 

probably because of the low number of recaptures in relation to the total number of captures.  

 

 

3.2.3 Rodopi Mountain Range National Park 

CǊƻƳ ǘƘŜ рн ǎŀƳǇƭŜǎ ƎŜƴƻǘȅǇŜŘ ƛƴ ƳƻǊŜ ǘƘŀƴ с ƭƻŎƛΣ ф ǎŀƳǇƭŜǎ ǿŜǊŜ άǊŜŎŀǇǘǳǊŜǎέ ƻŦ ǘƘŜ ǎŀƳŜ 

individuals and thus, in total, 43 unique genotypes were identified in Rodopi NP (Table 8). Thirty-six 

individuals of the unique bears were caught only once, while the rest 7 individuals were capture from 2 to 

three times with the mean arrest/sample ratio being 1.2. Details about the number, the location, the date 

and the distance between recaptures are given in Table 9Φ CƻǊ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ ŎŀǎŜǎΣ ǘƘŜ άǊŜŎŀǇǘǳǊŜέ 

samples were collected at the same location with the exception with one individual that moved 10km. 

Gender identification was achieved in all 43 unique samples.  Males outnumber females (see Table 8) with 

male/female ratio being 1.26.  

All loci in the study were polymorphic, with the number of alleles per locus ranging between 4 and 12 with 

the mean number of alleles being 6.2 (Table 10). G10H was the least polymorphic one with an observed 

heterozygosity value of 39.5%, while Mu26, G10C and Mu50 were the most polymorphic with an observed 

heterozygosity value more than 80%. In all loci, heterozygotes are almost equal or more numerous than 

homozygotes.  Additionally, G10H revealed great deviation between observed and expected heterozygosity 

values followed by Mu59 due to the presence of null alleles. More than 60% of the selected markers had high 

PIC values (mean=0.618) pointing the high degree of informativeness of these markers in evaluating genetic 

diversity.  
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Concerning HardyςWeinberg tests per locus, almost all loci, deviate from HardyςWeinberg 

equilibrium. Additionally, as in the previous cases of Prespes and N. Pindos, the population is not in Hardyς

Weinberg equilibrium with very low inbreeding coefficient value over all loci (FIS=0.0140). The mean observed 

heterozygosity was 0.699, and the unbiased expected heterozygosity was 0.680. All tests for bottleneck 

phenomena were non-significant (0.06<P<0.357) and showed normal L-shaped distributions in mode shift. 

Thus, the analysis showed no evidence of a recent genetic bottleneck. 
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Table 8: 43 unique genotypes, representing 43 different bears and their gender (G) in Rodopi National Park study area 

Sample 

code Location G 
G10H Mu26 G1D G10X G1B G10P G10C MU59 G10L MU50 

D.UR1 Rodopi XY 234 234 188 196 0 0 146 150 191 193 156 160 112 126 239 239 168 170 110 118 

D.UR11 Rodopi XX 260 260 192 200 190 190 146 146 191 193 150 156 108 108 239 239 164 168 116 118 

D.UR13 Rodopi XY 242 260 192 196 182 190 154 154 191 193 144 156 118 118 251 251 0 0 112 116 

D.UR14 Rodopi XX 260 260 0 0 184 186 146 148 191 193 152 156 98 98 231 251 168 170 110 118 

D.UR18 Rodopi XY 248 260 184 196 0 0 146 148 183 189 156 160 108 126 239 251 168 170 110 112 

D.UR20 Rodopi XY 0 0 188 200 184 186 146 146 193 193 156 160 96 96 251 251 168 170 110 110 

D.UR23 Rodopi XY 228 258 200 200 186 190 146 154 191 193 160 160 112 122 239 239 0 0 110 112 

D.UR260 Rodopi XX 258 258 200 200 188 190 146 154 193 193 148 156 108 120 231 251 168 170 112 116 

D.UR262 Rodopi XX 258 258 192 196 186 190 146 154 191 193 160 160 108 120 239 241 0 0 112 116 

D.UR264 Rodopi XX 258 258 200 200 190 190 0 0 189 191 152 156 118 122 251 251 160 162 0 0 

D.UR267 Rodopi XX 260 260 192 196 186 190 146 154 193 193 160 160 122 126 231 241 168 170 0 0 

D.UR268 Rodopi XX 260 260 188 196 182 190 146 154 191 193 160 160 122 126 231 251 168 170 0 0 

D.UR272 Rodopi XY 258 260 184 188 186 190 146 154 193 193 160 160 122 126 227 239 168 170 0 0 

D.UR275 Rodopi XY 234 234 188 196 182 190 146 150 191 193 160 160 126 126 239 239 168 170 110 116 

D.UR277 Rodopi XY 248 256 188 200 182 186 146 150 0 0 160 160 106 126 239 251 168 170 110 112 

D.UR278 Rodopi XX 258 260 188 200 180 186 0 0 193 193 160 160 122 126 251 251 168 170 110 118 

D.UR280 Rodopi XX 258 258 200 200 190 190 146 154 193 193 160 160 106 126 231 251 168 170 110 112 

D.UR282 Rodopi XY 234 258 192 200 186 190 146 154 193 193 160 160 110 120 239 239 168 170 110 112 
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Sample 

code Location G 
G10H Mu26 G1D G10X G1B G10P G10C MU59 G10L MU50 

D.UR285 Rodopi XX 242 258 192 196 186 190 146 146 191 193 152 160 120 124 231 239 168 170 116 116 

D.UR287 Rodopi XY 260 260 200 200 182 186 146 146 191 191 148 156 112 118 239 239 170 170 110 116 

D.UR289 Rodopi XX 252 260 188 196 188 190 146 154 0 0 156 160 110 122 239 251 168 170 116 122 

D.UR29 Rodopi XX 256 256 184 196 186 190 150 154 191 193 152 160 108 118 231 231 170 170 110 116 

D.UR292 Rodopi XY 258 258 188 196 182 190 154 154 191 193 148 150 108 120 231 239 0 0 112 116 

D.UR293 Rodopi XY 242 258 188 196 180 186 146 154 193 193 160 160 118 124 251 251 164 168 112 116 

D.UR294 Rodopi XY 260 260 188 196 188 190 146 150 191 193 160 160 108 110 231 251 168 170 112 116 

D.UR295 Rodopi XY 0 0 0 0 180 180 146 146 193 193 152 160 106 106 251 251 168 170 116 120 

D.UR296 Rodopi XX 260 260 192 200 188 190 154 154 193 193 152 160 108 118 231 231 0 0 112 116 

D.UR297 Rodopi XY 260 260 192 200 188 190 146 154 193 193 148 156 110 120 239 251 168 170 110 116 

D.UR298 Rodopi XX 260 260 0 0 190 190 146 154 193 193 160 160 106 124 231 239 168 170 110 116 

D.UR299 Rodopi XX 258 260 192 192 190 190 146 154 193 193 160 160 108 120 231 239 0 0 0 0 

D.UR3 Rodopi XX 234 244 0 0 0 0 146 146 0 0 160 160 0 0 239 239 168 170 110 112 

D.UR301 Rodopi XY 258 258 192 196 190 190 146 154 0 0 156 160 110 126 0 0 168 170 112 116 

D.UR302 Rodopi XY 258 258 188 196 190 190 154 154 0 0 156 160 112 124 239 239 0 0 110 116 

D.UR307 Rodopi XY 260 260 188 196 188 190 0 0 191 193 156 160 108 120 239 239 168 170 112 116 

D.UR308 Rodopi XY 234 242 192 196 180 186 0 0 193 193 160 160 110 118 231 251 0 0 112 116 

D.UR309 Rodopi XY 242 260 192 196 188 190 154 154 191 193 156 160 110 120 231 239 168 170 112 116 

D.UR310 Rodopi XY 242 260 192 196 188 190 146 150 193 193 148 156 110 118 239 251 0 0 112 116 

D.UR35 Rodopi XY 258 258 200 200 182 186 150 154 191 193 156 160 106 108 241 251 168 170 112 116 



 

 33 

Sample 

code Location G 
G10H Mu26 G1D G10X G1B G10P G10C MU59 G10L MU50 

D.UR40 Rodopi XY 0 0 188 200 186 190 146 148 193 193 156 160 112 118 241 241 170 170 112 116 

D.UR43 Rodopi XX 258 258 196 200 180 190 146 146 0 0 156 160 108 118 239 241 168 170 112 118 

D.UR45 Rodopi XX 0 0 188 196 186 190 150 154 191 193 156 160 104 122 231 231 170 170 112 116 

D.UR46 Rodopi XY 258 258 184 200 186 186 146 150 193 193 152 160 112 122 231 251 168 170 110 116 

D.UR5 Rodopi XX 0 0 0 0 186 186 0 0 191 193 160 160 108 126 0 0 168 170 110 112 



 

 

34 

¢ŀōƭŜ фΥ ¢ƘŜ ǎŜǾŜƴ άǊŜŎŀǇǘǳǊŜŘέ ōŜŀǊǎ ŀƴŘ ǘƘŜ ƳŀȄƛƳǳƳ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǊŜŎŀǇǘǳǊŜǎ ƛƴ wƻŘƻǇƛ bŀǘƛƻƴŀƭ 

Park study area 

 

 

Table 10: Number of alleles (A), number of analysed individuals per locus (N), expected and observed 

heterozygosity (He, Ho), probability value for Hardy-Weinberg tests (PHW), polymorphic information 

content (PIC), null alleles per locus (Fnull), inbreeding coefficient (Fis), probability of identity (PID), and the 

probability of identity among siblings (PID-Sib) for Rodopi NP brown bear population. 

Locus A N Ho He PIC HW Fnull Fis PID PID-Sib 

G10H 9 38 0.395 0.73 0.677 0 0.3068 0.596 1.32E-01 4.29E-01 

Mu26 5 38 0.816 0.774 0.724 0.0003 -0.0339 -0.0989 1.27E-02 1.68E-01 

G1D 6 39 0.744 0.717 0.667 0.1006 -0.0289 -0.3486 1.59E-03 7.19E-02 

G10X 4 38 0.684 0.629 0.55 0.697 -0.0546 -0.3973 3.36E-04 3.52E-02 

G1A 4 37 0.514 0.457 0.381 0.0168 -0.0531 0.04656 1.25E-04 2.17E-02 

G10P 6 43 0.605 0.59 0.537 0.0057 0.0088 0.051 2.67E-05 1.10E-02 

G10C 12 42 0.857 0.9 0.878 0.0052 0.0154 -0.1388 6.09E-07 3.43E-03 

MU59 5 40 0.55 0.718 0.654 0.1819 0.1284 0.1011 8.37E-08 1.47E-03 

G10L 5 34 0.882 0.56 0.454 0 -0.239 0.1197 2.48E-08 8.05E-04 

MU50 6 38 0.947 0.725 0.662 0.0091 -0.1466 -0.569 3.33E-09 3.43E-04 

Bear Area 1st capture 2nd capture 3rd capture Gender 

D.UR1 

 

     Rodopi 12/09/22 
15/12/22 

0km 

15/09/22 

    4km       Male 

D.UR129 Rodopi 11/11/22 
11/11/22 

0km 
 Female 

D.UR275 Rodopi 5/7/23 
5/7/23 

0km 
- male 

D.UR282 

 
Rodopi 23/6/23 

23/6/23 

0m 

23/6/23 

0m 
male 

D.UR287 

 

Rodopi 23/6/23 
23/6/23 

0m 
 Female 

D.UR289 

 
Rodopi 3/11/23 

3/11/23 

0m 
 Female 

D.UR297 

 
Rodopi 19/05/23 

21/06/23 

10km 
 male 
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Mean 6.2   0.699 0.680 0.6185  0.000   0.0104     

           

Regarding population size, in total 43 individuals were identified according to their composite 

genotype (Table 5). Thus, the minimum population size of bears was 43 in Rodopi National Park during 2022-

2023 survey. Point estimates of Ne for Rodopi NP was 70 using NeESTIMATOR (95% CI=40.1-180).   

As already mentioned (Table 9), the capture index 1.2 was very low. Most of the individuals were 

άŎŀǇǘǳǊŜŘέ ƻƴƭȅ ƻƴŎŜ ǿƘƛƭŜ т ōŜŀǊǎ ƛƴ ǘƻǘŀƭ ǿŜǊŜ άǊŜŎŀǇǘǳǊŜŘέ ǘǿƻ ƻǊ ǘƘǊŜŜ ǘƛƳŜǎΦ ¢ƘŜ ŀƴŀƭȅǎƛǎ ǿƛǘƘ ǘƘŜ 

CAPWIRE program, which is based on the number of captures and recaptures, assuming all samples have 

collected in a single sampling session, resulted in a point estimation (Nc) of 156 individuals for Rodopi NP 

with relatively small 95% confidence interval (CI) being 84-175 individuals.  
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3.3 Assignment test and migration rate 

 

The most likely value of K from the STRUCTURE analysis based on the method of Evanno et al. (2005) 

was two (2), differentiating the two western subpopulations from the eastern one, namely, the N. Pindos 

and Prespa area from Rodopi NP (Figure 3a). LnP(K) was highest for K=3 (Figure 3b), however both K=2 and 

K=3 verify that Rodopi is a more differentiated cluster, followed by N. Pindos while Prespa NP show signs of 

higher admixture than the other areas. 

 

a) K=2 

 

b) K=3 

 

 

 

 

Figure 3. Results of the STRUCTURE analysis, based on ten microsatellite loci, assuming a) K=2 and b) K=3  

population clusters of individuals, an admixture model and no prior population information. Each 

individual is represented by a thin horizontal bar, which is partitioned in colors that denote the inferred 

clusters. 1. N. Pindos NP, 2=Prespa NP and 3=Rodopi Mountain range NP. 

As far as the migration rate was calculated based on Bayeass, from Pindos to Prespes the rate is 

14.3% while vice versa is 11.36%, from Pindos to Rodopi 12.46% and vice versa 8.23% while from Prespes to 

Rodopi 12.27% and vice versa 9.90% (Figure 4). Additionally, all comparisons among studied populations 

ǎƘƻǿŜŘ ǎƛƎƴƛŬŎŀƴǘ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ either based on FST values (P=0.01) or on pairwise exact tests for 

differentiation (Table 11). 
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Figure 4: Estimated migration rate between the three studied sub-populations  in the (3) National parks 

 

Table 11: Pairwise Fst values above diagonal and exact test of population differentiation below diagonal. 

ΨΨϝϝϝΩΩ ǎƛƎƴƛŬŎŀƴŎŜ ŀǘ лΦм҈ ƴƻƳƛƴŀƭ ƭŜǾŜƭΣ άϝϝΩΩ ǎƛƎƴƛŬŎŀƴŎŜ ŀǘ м҈ ƴƻƳƛƴŀƭ ƭŜǾŜƭ 

 N. Pindos NP Prespa NP Rodopi Mountain-range NP 

N. Pindos NP  0.026**  0.047**  

Prespa NP ***   0.047**  

Rodopi Mountain-range NP ***  ***   
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4. Discussion  

4.1 Reliability of non-invasive genetic sampling biological material  

 Successful non-invasive sampling of hair roots relies on the quality of biological material. Although, 

the total number of samples collected in the field during the whole sampling season was 680, only 40% of 

the samples were good enough to procced for DNA extraction. PCR amplification of at least 6 microsatellite 

loci as well as sex marker was feasible in 49% of the samples of all the three studied areas. This rate is in 

accordance with the values reported in other non-invasive genetic studies of bears in Greece, that PCR 

amplification success rate range between 50 to 65% (Tsaparis et al. 2014, Karamanlidis et al. 2015, Pylidis et 

al. 2021, Tsalazidou-Founta et al. 2022). Thus, this value can be considered acceptable in terms of cost 

effectiveness. Obtaining a good quality biological material will increase the number of genotyped samples 

which is important for more accurate estimation of both genetic diversity indices as well as for accurate 

estimation of population sizes. 

 

4.2 Genetic diversity indices of the three studied sub-populations 

 Although, the sample size and the type of loci used may affect the estimated genetic diversity indices, 

in our case the expected heterozygosity values were almost the same or close to values obtained in the study 

contacted during action A2 of ARCPROM, or to older studies in the areas of N. Pindos, Prespes as well as 

Rodopi Mountain- range (e.g. Karamanlidis et al. 2018, Pylidis et al. 2021, Tsalazidou-Founta et al. 2022 e.t.c) 

(Table 12). Based on the review conducted by Swenson et al. 2011, expected heterozygosity values higher 

than 0.65 correspond to large population that they do not seem to suffer from inbreeding in the near future. 

This observation stands for our analysis, as heterozygosity values were higher than 0.65, despite the fact that 

the number of unique individuals detected were less than other studies. Additionally, very low inbreeding 

coefficient value over all loci (FIS= 0.014-0.055) were revealed for all the three studied sub-populations and 

in accordance with similar studies in some other bear sub-populations in Greece (Pylidis et al. 2021, Tsaparis 

et al. 2014). Lack of heterozygosity deficiency and thus lack of inbreeding in combination with high 

heterozygosity values point out that populations seem to be in good conservation status and at least within 

the near future, they will not be at risk of genetic depletion. 

Additionally, there are no signs of recent population bottleneck based on all the model tested for all 

the three populations. Of course, we should keep in mind that genetic diversity and population status is not 

the only condition for long-term population survival. This is also influenced by other factors, such as 

environment and life history factors that can affect the conservation status of a population.  
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Table 12: Comparative table of studies conducted in the study area or in areas in the broader region where 

expected and observed heterozygosity (He, Ho), census (Nc) and effective (Ne) population size and 

inbreeding index (Fis) are given. 

 

Area of 

Population 

Unique 

Samples 
He Ho Nc Ne Fis Reference 

Pindos  30 0.711 0.729 133 (51-149) 97 (36.1-300) 0.055 Present study 

Pindos 65 0.65 0.6 202 (175-300) 118 (67-371) 0.13 
ɮŎǘƛƻƴ !н όTsalazidou-

Founta et al., 2022) 

North Pindos 65 0.658 0.676 - 65-149.8 - Karamanlidis, 2018 

South-Central 

Pindos 
99 0.68 0.681 - 80.5-148.7 - Karamanlidis, 2018 

Pindos 99 0.64 0.61 299 (193-351) 97.4 (64.3-164.8) 0.042 Pylidis et al., 2021 

Trikala-Meteora 54 0.801 0.809 116 (95-165) 99 (73.1-186.75 -0.0111 
Action A6 (LIFE Bear-

Smart Corridors) 

                

Prespes  29 0.672 0.738 76 (80-200) 38 (23-88) 0.029 Present study 

Prespes 53 0.73 0.42 
191 (150- 

222) 
35 (25-52) 0.28 

ɮŎǘƛƻƴ !н ό¢ǎŀƭŀȊƛŘƻǳ-

Founta et al., 2022) 

Kastoria 82 0.548 0.584 219 (145-271) 49 (37.1 -65.1) 0.07 Tsaparis et al., 2014 

Peristeri 28 0.69 0.65 109 (52-196) 59.1 (32.8-181) 0.047 Pylidis et al., 2021 

Amyntaio 75 0.582 0.685 116 (135-271) 35 (29-49) 0.08 
Mertzanis et al.,2018 

LIFE15NAT/GR/001108 

Amyntaio 14 0.666 0.646 56 (35-95) 35 (20-56)  
Action A6 (LIFE Bear-

Smart Corridors) 

                

Rodopi  43 0.689 0.699 156 (84-175) 70 (40.1-180) 0.014 Present study 

Rodopi 77 0.72 0.54 92 (89-112) 61 (47-84) 0.3 
ɮŎǘƛƻƴ !н ό¢ǎŀƭŀȊƛŘƻǳ-

Founta et al., 2022) 

Rodopi 22 0.73 0.71 91 (41-261) 42.2 (25.3-97.7) 0.021 Pylidis et al., 2021  
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4.3 Estimated effective and census population size  

Since the purpose of the present study was the re-estimation of census population size in N. Pindos, 

Prespes and Rodopi Mountain-range National Parks obtained in action A2, all the 257 samples genotyped in 

more than 6 loci in A2 action, could also be included in the present analysis. Such a comparison could increase 

recaptures (individuals captured in action A2 during the sampling period 2020-2021, could be captured again 

in the 2022-2023) and thus could increase capture index leading to more reliable estimates. However, high 

number of missing values in the data set of action A2, hampered the direct comparison of the two data sets 

obtained in different sampling periods. Thus, census population size was estimated separately for the second 

sampling period, followed by a comparison with the results of the first period. 

Aw mentioned above, the analysis and the subsequent amplification for 10 microsatellite loci allowed 

the identification of 30 unique individuals in N. Pindos National Park during 2022-2023 survey, 29 in Prespa 

National Park and 43 in Rodopi National Park indicating respectively the presence of a minimum population 

of this size in each study area. It is known that sampling strategy of power poles creates a sex bias due to 

more intense use of power poles by male bears especially during the mating period (Green and Mattson 

2003, Karamanlidis et al. 2010). Our study verifies this sex bias in the cases of N. Pindos and Rodopi Mountain-

range study areas since male/female ratio ranged from 1.24-мΦпΦ IƻǿŜǾŜǊΣ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ tǊŜǎǇŀΣ ƛǘΩǎ ǘƘŜ ŦƛǊǎǘ 

time to our knowledge, that females outnumber males (male/female=0.5) in such type of surveys. An 

intensive scat sampling in future surveys could help to overcome sex bias due to sampling strategy. 

Values of effective population size (Ne) estimated under action D7 were almost identical to those 

obtained under action A2 (Table 12) or to past studies (Pyllidis et al. 2021). Regarding the estimation of census 

population size (Nc), it was 1.5 to 2 times more than effective population size (Ne=133) individuals for N. 

Pindos NP (95% CI 51-149 individuals), 76 individuals for Prespa NP (95% CI 80-200 individuals) and 156 

individuals for Rodopi NP (95% CI being 84-175 individuals). Census (Nc) and effective (Ne) population size 

estimation is of high importance since Ne/Nc ratio reflects the population status. A population with a very 

high Nc relatively to Ne will lose genetic diversity more quickly than an equalized population with a lower 

Nc/Ne ratio (Ferchaud et al. 2016). In our case, Nc was 1.5 to 2 times higher than the effective population, 

values that correspond to more stable populations, which are not at immediate risk of losing genetic diversity 

in the near future.  

Comparing Nc values to action A2 results or to past studies (Table 2), they are much lower in the case 

of N. Pindos and Prespa NP and larger in the case of Rodopi NP. This inconsistency especially in the case of 

N. Pindos and Prespa could be probably attributed to low capture index ranging from 1.14-1.34 compared to 

the first survey conducted under action A2). Intensive sampling that will increase the recapture ratio is 

necessary for more accurate estimate of population size. Additionally, especially in the case of Rodopi NP, 

this inconsistency could be also attributed to the fact that the bear sub-population is a growing population 
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where possible movements of individuals in and out of the sampling area and also at a trans-border scale 

(Rodopi mountain range area is shared between Greece and Bulgaria) occurred during the previous years, a 

fact that Ŏŀƴ ƴŜƎŀǘƛǾŜƭȅ ōƛŀǎ άǊŜŎŀǇǘǳǊŜέ ǇǊƻōŀōƛƭƛǘȅΦ  

Overall, high Ne estimated value in combination with high heterozygosity values and low Fis detected 

in the present analysis, correspond well with population growth and expansion of bears living in a broader 

area than in the studied ones in the (3) project sub-areas as the variance of effective population size will be 

driven upwards in a growing population (Crow and Kimura 1970).  

 

4.4 Population structure and migration between sub-populations  

The comparison of the population structure between the three studied sub-populations revealed 

that Rodopi population is much more differentiated compared to N. Pindos and Prespes, that revealed higher 

levels of admixture. Levels of gene flow and exchange of individuals between the western and eastern part 

of brown bear distribution range, indicated that during the last years connectivity between the two 

geographic regions may have been re-established at a certain level since past studies propose no or very 

limited gene flow. Monitoring data verify the long-range movement of bear individuals as they were detected 

in the intermediate area between east and west Greece, like Voras mountain massif (Mertzanis et al. 2021 

a, b). Although females show philopatric behavior, dispersal is mainly exhibited, regardless of sex, due to the 

increased population density (Roy et al. 2012) in an attempt to increase mating success and food availability.  

Migration rates are higher between N. Pindos and Prespes as well as from these populations to the 

eastern one and lower from Rodopi Mountain-range to any of these western populations (Figure 4). 

Comparing the present study with the data obtained in action A2 of LIFE ARCPROM, a discrepancy in 

migration rates is observed since in the previous study exchange of individuals were higher from Rodopi 

Mountain-range to Prespes than vice versa or Rodopi Mountain-range to N. Pindos. This inconsistency could 

be probably attributed in the smaller number of unique individuals used in the present study to calculate all 

genetic parameters. 

The change of the migration rate over years is also supported by the observation that one female 

individual in the Prespa national park has moved more than 40 km. Based in Figure  5, the animal moved 

between the Prespa basin which is considered a relatively "closed" ecosystem and the plain of Florina that is 

a very anthropogenic environment with few shelter sites and a lot of food from crops. That is, this bear 

overcame the mountainous "barrier" of Varnoundas-Vitsi mountains that closes the Prespa basin at E/NE and 

descended to the plain of Florina (or vice versa). This is the fourth time in the monitoring history of brown 

bears in Greece where such a long-distance migration was reported and the first record regarding a female 

individual, revealing the tendency that even philopatric females can exceptionally travel long distances in an 

attempt to increase mating success and food availability. 
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An overall comparison between the two surveys conducted under actions A2 and D7 of the project, with an 

in between time interval shows that: 

- based on the Nc and Ne values we may say that the bear sub-populations in the (3) National Parks 

remain stable showing slight increasing trends in one case. (Rodopi NP) 

- The gene flow between the two main population nuclei in the country considered until recently as 

disconnected show positive rates of admixture thus indicating that at a slow pace the reconnection 

between the two main population nuclei in the country are progressively reconnecting.  

- All the other genetic indicators (i.e. heterozygosity, absence of bottleneck, low 

inbreeding coefficient) are exhibiting values that foresee sustainability and resilience of the bear sub-

populations in the (3) targeted areas a fact that ay also result from the implementation of the 

concrete conservation and communication actions of the project. 

 

 

Figure 5: Long distance migration of individual D.UR76 (Table 3) in sampled in Prespa National Park study 

area. 

 

5. Conclusion and recommendations 

Lǘ ƛǎ ŀŘƳƛǘǘŜŘ ǘƘŀǘ ōŜŀǊ ǇƻǇǳƭŀǘƛƻƴǎ ŀǊŜ ŘȅƴŀƳƛŎΣ ŀƴŘ ǘƘŜ άƛŘŜŀƭέ ǇƻǇǳƭŀǘƛƻƴ ǎƛȊŜ ǿƛƭƭ ŎƘŀƴƎŜ 

ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ŀƭǘŜǊŀǘƛƻƴ ŀƴŘ ƘǳƳŀƴ ŘƛƳŜƴǎƛƻƴ ό{ƪǊōƛƴǑŜƪ Ŝǘ ŀƭΦ нлмфύΦ CƻǊ ǘƘƛǎ ǊŜŀǎƻƴΣ ŀ 

permanent, long-term genetic monitoring program is valuable for every state that hosts a bear population 

(Ciucci et al. 2015). 
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Although, the violation of some parameters of the software CAPWIRE underlines the need to treat 

estimates cautiously, the present study results support the hypothesis of populations in good conservation 

status that does not seem to suffer from genetic erosion the forthcoming years. However, long-term 

monitoring and management actions to maintain sufficient levels of gene flow must be of high priority. 

The overall comparison between D7 and A2 agreed versus stable populations in all the studied 

areas, since heterozygosity values were higher than 0.65 in both actions, values that point out that 

populations seem to be in good conservation status and at least within the near future. Although there is 

an inconsistency as far as census population size between two actions, the ratio of Census (Nc) and effective 

(Ne) population size estimation is of high importance since Ne/Nc ratio reflects the population status. In our 

case, Nc was 2 times higher than the effective population in both actions, values that correspond to more 

stable populations, which are not at immediate risk of losing genetic diversity. Of course, we should stress 

here that only two years have passed between the two actions (D7 and A6), a very short period for detecting 

changes in genetic and population parameters. 

 We should mention that point estimate of population size based only on one sampling 

session have low conservation value, since they represent a snapshot of the population. Thus, 

multiple/consecutive sampling sessions in order to increase the number of good quality samples and the 

recapture index, as well as scat sampling in future surveys that help to overcome a possible underestimation 

of female bears, are considered necessary in order to obtain more accurate point estimations.  
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Summary 

This study examines the ecological role of the brown bear (Ursus arctos) as a seed disperser and its 

contribution to ecosystem functioning, with particular emphasis on Mediterranean and Greek forest 

ecosystems. Seed dispersal is a critical process for plant regeneration, gene flow, and habitat colonization, 

and large mammals are especially important because they can transport seeds over long distances and across 

diverse habitats. 

Brown bears consume significant amounts of fleshy fruits, particularly in late summer and autumn when they 

must build fat reserves for hibernation. Seeds ingested with these fruits typically remain viable after gut 

passage, and in many cases, their germination potential is enhanced. This positions the bear as a legitimate 

and effective seed disperser. The species has been recorded as consuming over one hundred fruiting plant 

species, most notably those of Rubus sp. and Vaccinium sp. Its ability to disperse large numbers of seeds 

across extensive ranges highlights its importance as a keystone species for forest regeneration. 

The ecological service provided by bears is twofold: they disperse seeds both horizontally across fragmented 

landscapes and vertically along altitudinal gradients. The latter function is vital in the context of climate 

change, as it enables temperature-sensitive plant species to migrate to higher elevations where conditions 

remain suitable. Thus, bear-mediated seed dispersal strengthens ecosystem resilience in the face of 

environmental shifts. 

Fieldwork conducted in three Greek National Parks (Prespa, Northern Pindos, and the Rodopi Mountain 

Range) collected 104 bear scat samples between 2022 and 2023. Results showed a high frequency of seed 

presence, with up to 78% of scats in Rodopi containing seeds. Seeds originated primarily from wild species, 

though cultivated plants occasionally appeared, especially in Prespa. Altitudinal dispersal ranged from 

lowland to alpine zones, confirming the bears' capacity to influence plant dynamics across broad ecological 

gradients. 

In conclusion, the brown bear emerges as more than a top predator. ItΩs a fundamental ecological actor 

whose seed dispersal services underpin biodiversity, ecological succession, and habitat connectivity. Any 

decline in bear populations would not only affect άpredatorςpreyέ dynamics but also jeopardize critical plant 

ǊŜƎŜƴŜǊŀǘƛƻƴ ǇǊƻŎŜǎǎŜǎΦ /ƻƴǎŜǊǾŀǘƛƻƴ ǎǘǊŀǘŜƎƛŜǎ ǎƘƻǳƭŘ ǘƘŜǊŜŦƻǊŜ ƛƴǘŜƎǊŀǘŜ ǘƘŜ ǊŜŎƻƎƴƛǘƛƻƴ ƻŦ ǘƘŜ ōŜŀǊΩǎ Řǳŀƭ 

role, safeguarding both its survival and the essential ecosystem services it provides. 

 

ʃʶˊʾ˂ʹ˕ʹ 

ɶ ˉʰˊˇˏˋʰ ˃ʶ˂ʷˍʹ ʶ˅ʶˍʱʸʶʽ ˍˇ˄ ˇʽˁˇ˂ˇʴʽˁˈ ˊˈ˂ˇ ˍʹˌ ˁʰ˒ʷ ʰˊˁˇˏʵʰˌ όUrsus arctosύ ˖ˌ ʵʽʰˋˉˇˊʷʰ ˋˉˈˊ˖˄ 

ˁʰʽ ˍʹ ˋˎ˃ʲˇ˂ʺ ˍʹˌ ˋˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍ˖˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄Σ ˃ʶ ʽʵʽʰʾˍʶˊʹ ʷ˃˒ʰˋʹ ˋˍʰ ˃ʶˋˇʴʶʽʰˁʱ ˁʰʽ ʵʹ 

ʶ˂˂ʹ˄ʽˁʱ ʵʰˋʽˁʱ ˇʽˁˇˋˎˋˍʺ˃ʰˍʰΦ ɶ ʵʽʰˋˉˇˊʱ ˋˉˈˊ˖˄ ʰˉˇˍʶ˂ʶʾ ˁˊʾˋʽ˃ʹ ʵʽʰʵʽˁʰˋʾʰ ʴʽʰ ˍʹ˄ ʰ˄ʰʴʷ˄˄ʹˋʹ ˍ˖˄ 

˒ˎˍ˗˄Σ ˍʹ ˊˇʺ ʴˇ˄ʽʵʾ˖˄ ˁʰʽ ˍʹ˄ ʰˉˇʾˁʽˋʹ ʶ˄ʵʽʰʽˍʹ˃ʱˍ˖˄Σ ʶ˄˗ ˍʰ ˃ʶʴʱ˂ʰ ʻʹ˂ʰˋˍʽˁʱ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ 

ˋʹ˃ʰ˄ˍʽˁʱ ˁʰʻ˗ˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˃ʶˍʰ˒ʷˊˇˎ˄ ˋˉˈˊˇˎˌ ˋʶ ˃ʶʴʱ˂ʶˌ ʰˉˇˋˍʱˋʶʽˌ ˁʰʽ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˍˏˉˇˎˌ 

ʶ˄ʵʽʰʽˍʹ˃ʱˍ˖˄Φ 



 

 

54 

ʁʽ ˁʰ˒ʷ ʰˊˁˇˏʵʶˌ ˁʰˍʰ˄ʰ˂˗˄ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʷˌ ˉˇˋˈˍʹˍʶˌ ˋʰˊˁ˖ʵ˗˄ ˁʰˊˉ˗˄Σ ʽʵʾ˖ˌ ˋˍʰ ˍʷ˂ʹ ˁʰ˂ˇˁʰʽˊʽˇˏ 

ˁʰʽ ˍˇ ˒ʻʽ˄ˈˉ˖ˊˇΣ ˈˍʰ˄ ˉˊʷˉʶʽ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋˇˎ˄ ʰˉˇʻʷ˃ʰˍʰ ˂ʾˉˇˎˌ ʴʽʰ ˍˇ˄ ̝ ʶʽ˃ʷˊʽˇ ˏ ˉ˄ˇΦ ʁʽ ˋˉˈˊˇʽ ˉˇˎ 

ˁʰˍʰ˄ʰ˂˗˄ˇ˄ˍʰʽ ˃ʶ ʰˎˍˇˏˌ ˍˇˎˌ ˁʰˊˉˇˏˌ ˉʰˊʰ˃ʷ˄ˇˎ˄ ˋˎ˄ʺʻ˖ˌ ʲʽ˗ˋʽ˃ˇʽ ˃ʶˍʱ ˍʹ ʵʽʷ˂ʶˎˋʹ ʰˉˈ ˍˇ ˉʶˉˍʽˁˈ 

ˍˇˎˌ ˋˏˋˍʹ˃ʰ ˁʰʽΣ ˋʶ ˉˇ˂˂ʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʰˎ˅ʹ˃ʷ˄ˇ ʵˎ˄ʰ˃ʽˁˈ ʲ˂ʱˋˍʹˋʹˌΦ ɮˎˍˈ ˁʰʻʽˋˍʱ ˍʹ˄ 

ʰˊˁˇˏʵʰ ˄ˈ˃ʽ˃ˇ ˁʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈ ʵʽʰˋˉˇˊʷʰ ˋˉˈˊ˖˄Φ ɴ˔ʶʽ ˁʰˍʰʴˊʰ˒ʶʾ ˈˍʽ ˁʰˍʰ˄ʰ˂˗˄ʶʽ ˉʶˊʽˋˋˈˍʶˊʰ 

ʰˉˈ ʶˁʰˍˈ ʶʾʵʹ ˁʰˊˉˇ˒ˈˊ˖˄ ˒ˎˍ˗˄Σ ˁˎˊʾ˖ˌ ʰˉˈ ˍʰ ʴʷ˄ʹ Rubus sp. ˁ ʰʽ Vacciniums sp. Φ ɶ ʽˁʰ˄ˈˍʹˍʰ ̱́ ˌ ˄ʰ 

ʵʽʰˋˉʶʾˊʶʽ ˃ʶʴʱ˂ˇˎˌ ʰˊʽʻ˃ˇˏˌ ˋˉˈˊ˖˄ ˋʶ ʶˁˍʶˍʰ˃ʷ˄ʶˌ ʰˉˇˋˍʱˋʶʽˌ ˎˉˇʴˊʰ˃˃ʾʸʶʽ ˍʹ ˋʹ˃ʰˋʾʰ ˍʹˌ ˖ˌ ʶʾʵˇˌ-

ˁ˂ʶʽʵʾ ʴʽʰ ˍʹ˄ ʰ˄ʰʴʷ˄˄ʹˋʹ ˍ˖˄ ʵʰˋ˗˄Φ 

ɶ ˇʽˁˇ˂ˇʴʽˁʺ ˎˉʹˊʶˋʾʰ ˉˇˎ ˉʰˊʷ˔ˇˎ˄ ˇʽ ʰˊˁˇˏʵʶˌ ʶʾ˄ʰʽ ʵʽˍˍʺΥ ʵʽʰˋˉʶʾˊˇˎ˄ ˋˉˈˊˇˎˌ ˍˈˋˇ ˇˊʽʸˈ˄ˍʽʰ ˋʶ 

ˁʰˍʰˁʶˊ˃ʰˍʽˋ˃ʷ˄ʰ ˍˇˉʾʰ ˈˋˇ ˁʰʽ ˁʰˍʰˁˈˊˎ˒ʰ ˁʰˍʱ ˃ʺˁˇˌ ˎ˕ˇ˃ʶˍˊʽˁ˗˄ ʲʰʻ˃ʾʵ˖˄Φ ɶ ʵʶˏˍʶˊʹ ˂ʶʽˍˇˎˊʴʾʰ 

ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˋʹ˃ʰ˄ˍʽˁʺ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌΣ ˁʰʻ˗ˌ ʶˉʽˍˊʷˉʶʽ ˋʶ ʶʾʵʹ ˒ˎˍ˗˄ ʶˎʰʾˋʻʹˍʰ 

ˋˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˄ʰ ˃ʶˍʰˁʽ˄ʹʻˇˏ˄ ˋʶ ˃ʶʴʰ˂ˏˍʶˊʰ ˎ˕ˈ˃ʶˍˊʰ ˈˉˇˎ ˇʽ ˋˎ˄ʻʺˁʶˌ ˉʰˊʰ˃ʷ˄ˇˎ˄ ˁʰˍʱ˂˂ʹ˂ʶˌΦ 

ɾʶ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇΣ ʹ ʵʽʰˋˉˇˊʱ ˋˉˈˊ˖˄ ʰˉˈ ˍʽˌ ʰˊˁˇˏʵʶˌ ʶ˄ʽˋ˔ˏʶʽ ˍʹ˄ ʰ˄ʻʶˁˍʽˁˈˍʹˍʰ ˍ˖˄ 

ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄ ʰˉʷ˄ʰ˄ˍʽ ˋˍʽˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ ˃ʶˍʰʲˇ˂ʷˌΦ 

ɶ ʶˉʽˍˈˉʽʰ ʷˊʶˎ˄ʰ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˋʶ ˍˊʾʰ ɳʻ˄ʽˁʱ ʃʱˊˁʰ ˍʹˌ ɳ˂˂ʱʵʰˌ (ʃˊʷˋˉʶˌΣ ɰˈˊʶʽʰ ʃʾ˄ʵˇˌ ˁʰʽ 

ʁˊˇˋʶʽˊʱ ʄˇʵˈˉʹˌ) ˋˎʴˁʷ˄ˍˊ˖ˋʶ млп ʵʶʾʴ˃ʰˍʰ ˉʶˊʽˍˍ˖˃ʱˍ˖˄ ʰˊˁˇˏʵʰˌ ˍʹ˄ ˉʶˊʾˇʵˇ нлннςнлноΦ ʆʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʷʵʶʽ˅ʰ˄ ˎ˕ʹ˂ʺ ˋˎ˔˄ˈˍʹˍʰ ˉʰˊˇˎˋʾʰˌ ˋˉˈˊ˖˄Σ ˃ʶ ʷ˖ˌ ˁʰʽ ту҈ ˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄ ˋˍʹ ʄˇʵˈˉʹ 

˄ʰ ˉʶˊʽʷ˔ˇˎ˄ ˋˉˈˊˇˎˌΦ ʁʽ ˋˉˈˊˇʽ ˉˊˇʷˊ˔ˇ˄ˍʰ˄ ˁˎˊʾ˖ˌ ʰˉˈ ʱʴˊʽʰ ʶʾʵʹΣ ʰ˄ ˁʰʽ ˁʰ˂˂ʽʶˊʴˇˏ˃ʶ˄ʰ ˒ˎˍʱ 

ˁʰˍʰʴˊʱ˒ʹˁʰ˄ ˉʶˊʽˋˍʰˋʽʰˁʱΣ ˁˎˊʾ˖ˌ ˋˍʽˌ ʃˊʷˋˉʶˌΦ ɶ ˎ˕ˇ˃ʶˍˊʽˁʺ ʵʽʰˋˉˇˊʱ ʶˁˍʶʽ˄ˈˍʰ˄ ʰˉˈ ˉʶʵʽ˄ʷˌ ʷ˖ˌ 

ʰ˂ˉʽˁʷˌ ʸ˗˄ʶˌΣ ʶˉʽʲʶʲʰʽ˗˄ˇ˄ˍʰˌ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ˍʹˌ ʰˊˁˇˏʵʰˌ ˄ʰ ʶˉʹˊʶʱʸʶʽ ˍʹ ʵˎ˄ʰ˃ʽˁʺ ˍ˖˄ ˒ˎˍ˗˄ ˋʶ 

ʶˎˊʶʾʶˌ ˇʽˁˇ˂ˇʴʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌΦ 

ʅˎ˄ˇ˂ʽˁʱΣ ʹ ˁʰ˒ʷ ʰˊˁˇˏʵʰ ʰ˄ʰʵʶʽˁ˄ˏʶˍʰʽ ˈ˔ʽ ˃ˈ˄ˇ ˖ˌ ˁˇˊˎ˒ʰʾˇˌ ʻʹˊʶˎˍʺˌΣ ʰ˂˂ʱ ˁʰʽ ˖ˌ ʻʶ˃ʶ˂ʽ˗ʵʹˌ 

ˇʽˁˇ˂ˇʴʽˁˈˌ ˉʰˊʱʴˇ˄ˍʰˌ ˍˇˎ ˇˉˇʾˇˎ ˇʽ ˎˉʹˊʶˋʾʶˌ ʵʽʰˋˉˇˊʱˌ ˋˉˈˊ˖˄ ˋˍʹˊʾʸˇˎ˄ ˍʹ ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰΣ ˍʹ 

ʵʽʰʵˇ˔ʺ ˍ˖˄ ˇʽˁˇˋˎˋˍʹ˃ʱˍ˖˄ ˁʰʽ ˍʹ ˋˎ˄ʵʶˋʽ˃ˈˍʹˍʰ ˍ˖˄ ʶ˄ʵʽʰʽˍʹ˃ʱˍ˖˄Φ ʆˎ˔ˈ˄ ˃ʶʾ˖ˋʹ ˍ˖˄ ˉ˂ʹʻˎˋ˃˗˄ ˍʹˌΣ 

ʶʾˍʶ ˂ˈʴ˖ ʰˉ˗˂ʶʽʰˌ ʶ˄ʵʽʰʽˍʹ˃ʱˍ˖˄Σ ʶʾˍʶ ˂ˈʴ˖ ʰ˄ʻˊ˖ˉˇʴʶ˄˗˄ ˉʽʷˋʶ˖˄Σ ʻʰ ʷʻʶˍʶ ˋʶ ˁʾ˄ʵˎ˄ˇ ˈ˔ʽ ˃ˈ˄ˇ ˍˇ 

ʾʵʽˇ ˍˇ ʶʾʵˇˌΣ ʰ˂˂ʱ ˁʰʽ ˁˊʾˋʽ˃ʶˌ ʵʽʰʵʽˁʰˋʾʶˌ ʰ˄ʰʴʷ˄˄ʹˋʹˌ ˍ˖˄ ˒ˎˍ˗˄Φ ɳʾ˄ʰʽΣ ʶˉˇ˃ʷ˄˖ˌΣ ʰˉʰˊʰʾˍʹˍˇ ˇʽ 

ˋˍˊʰˍʹʴʽˁʷˌ ʵʽʰˍʺˊʹˋʹˌ ˄ʰ ʰ˄ʰʴ˄˖ˊʾˋˇˎ˄ ˁʰʽ ˄ʰ ˉˊˇˋˍʰˍʶˏˋˇˎ˄ ˍˇ˄ ʵʽˍˍˈ ˊˈ˂ˇ ˍʹˌ ʰˊˁˇˏʵʰˌΣ 

ʵʽʰˋ˒ʰ˂ʾʸˇ˄ˍʰˌ ˍˈˋˇ ˍʹ˄ ʶˉʽʲʾ˖ˋ ̱́ ʹˌ ˈˋˇ ˁʰʽ ˍʽˌ ˁʰʾˊʽʶˌ ˇʽˁˇ˂ˇʴʽˁʷˌ ˎˉʹˊʶˋʾʶˌ ˉˇˎ ˉˊˇˋ˒ʷˊʶʽΦ 

 

Riassunto 

vǳŜǎǘƻ ǎǘǳŘƛƻ ŜǎŀƳƛƴŀ ƛƭ Ǌǳƻƭƻ ŜŎƻƭƻƎƛŎƻ ŘŜƭƭΩƻǊǎƻ ōǊǳƴƻ όUrsus arctos) come dispersore di semi e il 

suo contributo al funzionamento degli ecosistemi, con particolare attenzione agli ecosistemi 

forestali mediterranei e greci. La dispersione dei semi è un processo cruciale per la rigenerazione 

delle piante, il flusso genico e la colonizzazione degli habitat, e i grandi mammiferi sono 

particolarmente importanti perché possono trasportare i semi su lunghe distanze e attraverso 

habitat diversi. 

Dƭƛ ƻǊǎƛ ōǊǳƴƛ ŎƻƴǎǳƳŀƴƻ ǉǳŀƴǘƛǘŁ ǎƛƎƴƛŦƛŎŀǘƛǾŜ Řƛ ŦǊǳǘǘƛ ŎŀǊƴƻǎƛΣ ǎƻǇǊŀǘǘǳǘǘƻ ǘǊŀ ƭŀ ŦƛƴŜ ŘŜƭƭΩŜǎǘŀǘŜ Ŝ 

ƭΩŀǳǘǳƴƴƻΣ ǉǳŀƴŘƻ ŘŜǾƻƴƻ ŀŎŎǳƳǳƭŀǊŜ ǊƛǎŜǊǾŜ Řƛ ƎǊŀǎǎƻ ǇŜǊ ƛƭ ƭŜǘŀǊƎƻΦ L ǎŜƳƛ ƛƴƎŜǊƛǘƛ ƛƴǎƛŜƳŜ ŀ ǉǳŜǎǘƛ 

frutti rimangono generalmente vitali dopo il passaggio intestinale e, in molti casi, il loro potenziale 

Řƛ ƎŜǊƳƛƴŀȊƛƻƴŜ Ǌƛǎǳƭǘŀ ŀǳƳŜƴǘŀǘƻΦ /ƛƼ ŎƻƭƭƻŎŀ ƭΩƻǊǎƻ ŎƻƳŜ ǳƴ ŘƛǎǇŜǊǎƻǊŜ Řƛ ǎŜƳƛ ƭŜƎƛǘǘƛƳƻ ŜŘ 

efficace. La specie è stata registrata mentre consumava oltre cento specie vegetali fruttifere, in 

particolare appartenenti ai generi Rubus e Vaccinium. La sua capacità di disperdere un gran numero 
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di semi su ampie aree sottolinea la sua importanza come specie chiave per la rigenerazione 

forestale. 

Il servizio ecologico fornito dagli orsi è duplice: essi disperdono i semi sia orizzontalmente, 

ŀǘǘǊŀǾŜǊǎƻ ǇŀŜǎŀƎƎƛ ŦǊŀƳƳŜƴǘŀǘƛΣ ǎƛŀ ǾŜǊǘƛŎŀƭƳŜƴǘŜ ƭǳƴƎƻ ƎǊŀŘƛŜƴǘƛ ŀƭǘƛǘǳŘƛƴŀƭƛΦ vǳŜǎǘΩǳƭǘƛƳŀ 

funzione è di particolare rilevanza nel contesto dei cambiamenti climatici, poiché consente alle 

specie vegetali sensibili alla temperatura di migrare verso quote più elevate, dove le condizioni 

ǊƛƳŀƴƎƻƴƻ ƛŘƻƴŜŜΦ Lƴ ǉǳŜǎǘƻ ƳƻŘƻΣ ƭŀ ŘƛǎǇŜǊǎƛƻƴŜ ŘŜƛ ǎŜƳƛ ƳŜŘƛŀǘŀ ŘŀƭƭΩƻǊǎƻ ǊŀŦŦƻǊȊŀ ƭŀ ǊŜǎƛƭƛŜƴȊŀ 

degli ecosistemi di fronte ai mutamenti ambientali. 

Il lavoro sul campo svolto in tre Parchi Nazionali greci (Prespa, Pindo Settentrionale e Catena 

Montuosa della Rodopi) ha raccolto 104 campioni di feci di orso tra il 2022 e il 2023. I risultati hanno 

ƳƻǎǘǊŀǘƻ ǳƴΩŀƭǘŀ ŦǊŜǉǳŜƴȊŀ Řƛ ǇǊŜǎŜƴȊŀ Řƛ ǎŜƳƛΣ Ŏƻƴ Ŧƛƴo al 78% dei campioni contenenti semi nella 

Rodopi. I semi provenivano principalmente da specie selvatiche, sebbene occasionalmente siano 

comparse anche piante coltivate, soprattutto a Prespa. La dispersione altitudinale si è estesa dalle 

zone di pianura a quelle alpine, confermando la capacità degli orsi di influenzare la dinamica delle 

piante lungo ampi gradienti ecologici. 

Lƴ ŎƻƴŎƭǳǎƛƻƴŜΣ ƭΩƻǊǎƻ ōǊǳƴƻ ǎƛ ǊƛǾŜƭŀ ǇƛǴ Řƛ ǳƴ ǎŜƳǇƭƛŎŜ ǇǊŜŘŀǘƻǊŜ ŀǇƛŎŀƭŜΦ : ǳƴ ŀǘǘƻǊŜ ŜŎƻƭƻƎƛŎƻ 

fondamentale i cui servizi di dispersione dei semi sostengono la biodiversità, la successione 

ecologica e la connettività degli habitat. Qualsiasi declino delle popolazioni di orso non 

ƛƴŦƭǳŜƴȊŜǊŜōōŜ ǎƻƭƻ ƭŜ ŘƛƴŀƳƛŎƘŜ άǇǊŜŘŀǘƻǊŜςǇǊŜŘŀέΣ Ƴŀ ƳŜǘǘŜǊŜōōŜ ŀƴŎƘŜ ŀ ǊƛǎŎƘƛƻ ǇǊƻŎŜǎǎƛ ŎǊƛǘƛŎƛ 

di rigenerazione delle piante. Le strategie di conservazione dovrebbero quindi integrare il 

riconoscimento del duplice ruolo dellΩƻǊǎƻΣ ǎŀƭǾŀƎǳŀǊŘŀƴŘƻ ǎƛŀ ƭŀ ǎǳŀ ǎƻǇǊŀǾǾƛǾŜƴȊŀ ǎƛŀ ƛ ǎŜǊǾƛȊƛ 

ecosistemici essenziali che esso fornisce. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

56 

 

 

 

Introduction 
 

Based on the analysis of the existing relevant literature on the territories of various mammal species, 

information is obtained on the distances of transport/dispersal (mainly through feces) of seeds of 

various edible plant species in plant formations of coniferous-broadleaf forests. The mass dispersal 

of seeds from plant species that constitute food for vertebrates is important for the formation of 

plant communities. Seed dispersal occurs in massive quantities within the areas of daily activity of 

animal species and in moderate quantities within the boundaries of seasonal sectors of the territory. 

The range of mass dispersal of plant seeds by animals ranges from a few tens of meters (small 

rodents) to one kilometre (large mammals) (.ŀǊǘƻƵ et al. 2019). Three groups of plant species were 

distinguished during the adaptation to dispersal by animals. The first group includes plant species 

with fleshy fruits (e.g. Malus sylvestris (apple), Sorbus aucuparia (rowan), Vaccinium myrtillus 

(blueberry). A wide range of animal organisms have been identified that unintentionally function in 

the dispersal of these plant species by transporting seeds over distances of 20 m to 1,000 m, a 

phenomenon called endo-zoochory. (Evstigneev et al 2017). 

Seed dispersal (i.e. the movement of seeds away from the parent plants) is essential for plant 

recruitment, colonization of habitats, gene flow among populations and plant community dynamics. 

Across different biomes, a large proportion of vascular plant species depends on frugivorous animals 

for the dispersal of their seeds. The spatial distribution of seeds dispersed by frugivores is strongly 

affected by animal species body size and mobility (Lalleroni et al. 2017). Large frugivore species 

seem to be particularly important in connecting plant populations by increasing gene flow via 

dispersed seeds. Beyond differences in their mobility across landscapes, frugivores also vary in their 

seed dispersal effectiveness, which depends on the qualitative and quantitative contribution to seed 

dispersal services. The quantity component is defined as the number of seeds dispersed, which is 

determined by both the number of interactions between a disperser agent and a fruiting plant 

species and the number of seeds removed by a disperser per interaction. The quality component is 

traditionally defined as the probability that a dispersed seed will germinate, survive and grow to an 

adult plant, which is determined by the combined effects of fruit handling, gut passage treatment 

and seed deposition in suitable microhabitats.  

Legitimate seed dispersers are usually defined as true mutualist agents that combine a high quality 

and quantity of seed dispersal and, thus, strongly impact regeneration processes and population 

dynamics of the dispersed plant species. Traditionally, most studies about frugivory and seed 

dispersal have been focused on birds and small- to medium-sized mammals. In the last two decades, 

an increasing number of studies about seed dispersal by extant large frugivores from tropical areas 

have been published. However, the information about the role of large frugivores as seed dispersers 

in temperate and northern regions is still limited. (Willson, M. F. & Traveset,2000). 
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2. The case of the brown bear 
 

Fruit-eating species of large mammals such as the brown bear can consume large quantities of fruits 

whose seeds can be dispersed over long distances, thus affecting plant regeneration processes and 

ecosystem functioning (Hertel et al. 2017). Megafaunal frugivores can consume large amounts of 

fruits whose seeds may be dispersed over long distances, thus, affecting plant regeneration 

processes and ecosystem functioning. The role of the brown bear (Ursus arctos) as a systematic seed 

disperser among large species of the wild has been re-examined very recently (Rodríguez, et al 

2021). 

This research team and study assessed the quantitative factor of seed dispersal by brown bears 

across the species' distribution based on information on both the relative frequency of occurrence 

and the composition of the different fruit species in the brown bear diet extracted from the 

literature. At the same time, the qualitative dimension of the seed dispersal process was assessed 

based on germination experiments (in vitro) for 11 species of plants with fleshy fruits that grow and 

are common in temperate and northern (central European) bioclimatic conditions and that are 

frequently consumed by brown bears. Across the entire geographical distribution of the brown bear 

in the Eurasian continent and in the New World, fleshy fruits represented on average 24% of the 

plant species in the bear's diet and 26% of the total volume consumed. 

The findings showed that brown bears consume seeds from at least 101 species of plant with fleshy 

fruits from 24 families and 42 genera, of which the genus Rubus (family Rosaceae) and the genus 

Vaccinium (family Ericaceae) show the highest frequency of consumption. 

The brown bear populations that inhabit the forests of the Mediterranean zone rely more on the 

consumption of fleshy fruits in their diet and were observed to consume the largest number of 

species per study area. Seeds that pass through the bear's digestive system show higher germination 

rates than seeds from whole fruits, while they show similar germination rates for seeds that have 

been removed by hand. In conclusion, the study reports that brown bears are decisive legitimate 

seed dispersers as consume large quantities of fruits with seeds that remain intact and active after 

passing through the digestive system. The possibility of a declining trend of brown bear populations 

in a given area may endanger the ecosystem services of seed dispersal and consequently the 

regeneration process of the plant formations of a forest ecosystem. 

Megafaunal species are currently defined as comparatively large animal species that have strong 

effects on ecosystems, present distinctive functional traits and habitat requirements and have 

escaped most non anthropogenic predation when adults. Megafaunal frugivores are considered 

quantitatively and qualitatively pivotal seed dispersers, particularly because they can transport 

many seeds over long distances. The increased chance of long-distance dispersal events by these 

animals facilitates the colonization and re-colonization of new and former habitats by the plant 

species they consume, enhancing genetic diversity and reducing parent-sibling competition. In 

addition, megafaunal frugivores have the potential to consume many different fleshy-fruited plants, 

including species with both small and big seeds (Willson & Gende 2004) 

The selective loss of large-bodied animals during the last centuries, particularly megafauna, can 

strongly impair the dispersal of large-seeded plant species, which may have serious consequences 
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for their recruitment, population structure, genetic diversity and evolutionary trajectories. 

Therefore, complete information about the role of extant megafauna for seed dispersal and plant 

regeneration processes is highly valuable. 

The brown bear Ursus arctos όhǊŘŜǊΥ /ŀǊƴƛǾƻǊŀΣ CŀƳƛƭȅΥ ¦ǊǎƛŘŀŜύ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ Ƴƻǎǘ ǿƛŘŜƭȅ 

distributed terrestrial mammals and the largest living terrestrial carnivore; it inhabits a broad variety 

of biomes, from tundra to deserts (Fig. 1). Its heavy body mass and large habitat requirements, 

together with a distinctive biology (e.g. late first reproduction in females and longer maternal care 

when compared to other carnivore species [21]) and the lack of non-human natural predators at 

adult stages make the species a good representative of megafauna inhabiting northern latitudes. 

The brown bear is an omnivore with an important share of fleshy-fruited plants in its diet. Its trophic 

niche is very flexible and strongly related to environmental conditions, with populations in warm 

and highly productive environments being almost completely herbivorous, whereas populations in 

cold, unproductive environments are more carnivorous [22]. 

Previous studies have shown that resource availability influences the age of first reproduction, litter 

size, population density, home range size and habitat selection in brown bear populations [23ς 28]. 

Besides these more general effects of resource availability, the abundance of fruit resources is 

known to strongly affect female breeding success in some brown bear populations [29]. This 

indicates that fleshy fruits are a key food resource for the species. However, our understanding of 

the reciprocal effect of the brown bear on the dispersal and regeneration of its food plants remains 

incomplete; particularly the assessment of the seed dispersal service provided by the species. 

 

3. Ecosystem services of the brown bear in Mediterranean ecosystems 
 

The above research also showed that the average number of taxa of plant species with fleshy fruits 

and the relative frequency of occurrence of fruits in the diet of the brown bear were the highest in 

areas of distribution of the species in the Mediterranean zone among (66) study areas covering all 

bioclimatic zones and regions (biomes). 

The quantity and quality of seed dispersal ecosystem services provided by the brown bear through 

its diet highlight the ecological importance of this species of large mammal fauna as one of the most 

crucial seed transporters and dispersers, a role and services that can have a significant impact on 

the regeneration of plant communities and plant formations across all bioclimatic zones included in 

the species' wide distribution area in Eurasia and the New World. The literature review showed that 

the consumption of fleshy fruits by brown bears across the species' range represents on average 

one quarter of the total volume and number of food sources consumed during an entire year by 

brown bears. 

The importance of fleshy fruits in the brown bear's diet can be partly explained by the species' 

biology during the annual cycle. Due to hibernation, the species is adapted to seasonal climates with 

prolonged periods of seasonal food shortage (Albrecht, J. et al. 2017). The successful outcome of 

hibernation for the bear depends on the energy reserves it builds up at the beginning of the season, 

which are crucial for surviving the winter. To meet energy requirements during hibernation, brown 

bears maximize their energy intake during the autumn binge, during which they feed intensively on 
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fleshy fruits and fatty nuts (acorns) to build up sufficient fat before entering the winter den (Welch 

1997 & Hertel 2017). 

Therefore, fresh fleshy fruits represent a key food source for the species, which may influence 

important aspects of brown bear biology, such as habitat selection and reproductive success 

(Nomura 2000, Hertel 2016). 

LƳǇƻǊǘŀƴǘƭȅΣ ǘƘŜ ǘƛƳƛƴƎ ƻŦ ǊƛǇŜƴƛƴƎ ƻŦ Ƴƻǎǘ ŦǊǳƛǘǎ ŎƻƛƴŎƛŘŜǎ ǿƛǘƘ ǘƘŜ ōŜŀǊǎΩ ƘȅǇŜǊǇƘŀƎƛŎ ǇŜǊƛƻŘ ƻŦ 

high food demand, when they spend most of their time foraging. During this period, brown bears 

can consume up to one-third of their body weight in fruit per day (Welch 1997). 

Fleshy fruits are found in >50% of brown bear droppings in late summer and early fall, and this is 

true for populations from different latitudes and bioclimatic zones (McHutchon 2005, Lalleroni 

2017). 

Research has shown that a single dark brown bear dropping can contain up to several thousand 

seeds, which supports a previous study conducted in Alaska where brown bear droppings were 

found to contain up to 7,000 Vaccinium seeds and 2,000 (Willson 2004). This confirms that brown 

bears have the ability to disperse large quantities of seeds in the forest ecosystem. However, the 

factor of seed dispersal quantity depends not only on the number of seeds dispersed per dropping 

but also on the abundance/density of the species/ άǎƻǿŜǊ-ŘƛǎǇŜǊǎŜǊέ ό{ŎƘǳǇǇ мффоύΦ ¢ƘŜǊŜŦƻǊŜΣ ŀ 

reduction in brown bear populations at a local or regional scale due to illegal anthropogenic 

mortality and habitat loss is expected to reduce the component of seed dispersal ecosystem services 

provided by the species, given that the impact of each individual brown bear on the dynamics of the 

phenomenon is relatively large compared to the per-individual effect of seed dispersal on smaller 

vertebrates (e.g. birds or small mammals). It follows that the potential impacts of a reduction in an 

already small (numerically) bear population can translate into strong impacts on processes and 

ecosystem services regarding seed dispersal in the forest ecosystem. The contribution of the brown 

bear to this function is very important given that preliminary research results show that brown bears 

may disperse up to 90% of the total seeds mobilized by the entire frugivorous vertebrate community 

in European alpine and forest ecosystems. It is also worth noting that anthropogenic food sources 

(i.e. any food resource derived from human activities e.g. waste) as well as the addition of food 

sources to the habitat by humans (i.e. the deliberate provision of food to wildlife by humans) may 

endanger and negatively affect the seed dispersal services provided by the bear, consequently 

affecting the species and its ecology i.e. in habitat selection as well as in its spatial behaviour 

(movement etc.) as well as in feeding (Skuba 2016, Selva 2017). 

However, to fully understand the qualitative component of the ecosystem services of seed dispersal 

provided by the bear, more information is necessary regarding the stages after dispersal, such as 

e.g. the characteristics of the micro-habitat components in which brown bears deposit their 

droppings. Preliminary studies indicate that the deposition of seeds through droppings in the 

environment with increased frequency and concentration in the resting places of bears 

(winter/summer den) may be beneficial for the regeneration/regeneration of plant species 

(Steyaert,2019). 

The qualitative component of seed dispersal is not only related to the consumption of fruits and 

their processing by the bear's digestive system but also to the range of movement of the animals 

(Schupp 1993). In the Carpathian Mountains of Romania, it has been estimated that the movement 
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of a bear in a straight line/vertical projection between two more distant locations during a 24-hour 

period is on average 2ς4 km, but can reach up to 30 km (Barton et al 2019). Seeds dispersed over 

such distances could facilitate the colonization of new areas by plant species and enhance genetic 

diversity by reducing competition (Willson 2000). 

Given the large range of bear movements based on average daily movement times and the 

simultaneous digestion process, it is estimated that brown bears will disperse seeds two to three 

times farther than other mammal species that are also considered medium-distance dispersers, 

such as the polecat (Martes spp.) (average and maximum dispersal distances around 400ς500 and 

1,200 m, respectively) (Hickey 1999, Tsuji 1997). 

Studies have shown that the loss of large frugivorous mammals often causes a reduction in seed 

dispersal distances, and consequently in genetic diversity and effective plant populations (Perez-

Mendez 2016, Pires 2018). 

Consequently, we suggest that the uniqueness of large omnivorous/frugivorous mammals 

inhabiting these areas should be assessed in terms of their significant contribution to overall seed 

dispersal as well as to long-distance dispersal. We conclude that in Mediterranean, temperate and 

central European ecosystems, where other large mammal species that are less efficient seed 

dispersers also live, brown bears are an integral part of bio-communities with larger and more 

efficient seed dispersal. All findings so far suggest that brown bears are unique systematic seed 

dispersers of megafauna species that play an essential role in plant regeneration processes and 

ecosystem functioning. 

 

4. Brown bear ecosystem functions and climate change 
 

In a climate with a gradual increase in temperature due to anthropogenic activity, temperature-

sensitive plant species must move to cooler areas, i.e. to higher latitudes or higher altitudes, through 

seed dispersal (Corlet 2013). 

The movements of bears to high altitudes in mountainous habitat segments following the seasonal 

phenology of plant species in spring and summer are likely the cause of this vertical altitudinal seed 

dispersal. Findings from scientific research suggest that plant species dispersed by animals during 

the spring and summer fruiting season may have a high chance of escaping global warming (Naoe 

et al.2016). 

The above research showed that the long-range and long-distance vertical dispersal of seeds from 

lower elevations to mountain peaks by bears and ferrets (via their droppings) is considered sufficient 

to keep pace with the rate of global warming. On average, mean vertical distances from bears and 

ferrets correspond to a decrease of 2°C and 1.3°C respectively in dispersal distances by the above 

species, with the prospect of a global temperature increase by 2100 of a maximum of 4.8°C [IPCC 

2013). 

This study also showed that it is likely that bears move to lower altitudes to forage on fleshy fruits 

(e.g. cherries) during the fruiting period and maximum availability. Later, and with the end of the 

fleshy fruit phenology in the low altitude zone, bears move to higher altitudes in search of young 
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herbaceous vegetation. These descents and ascents lead to a dispersal of seeds towards the 

mountain peaks, since on the one hand, seed dispersal does not occur during the descent and on 

the other hand, these movement patterns will not stop until seasonal food supplies are exhausted 

(Naoe 2016). 

The results of the research indicate that through zoochory (dispersal of plant species (with seeds) 

e.g. by bears) during spring and summer fruiting, temperate zone plant species have a high 

probability of being protected from global warming when their seeds are dispersed by mammals to 

higher altitude zones. (Corlett & Westcott 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Ecosystem functions of the bear in the (3) project sub-areas in Greece 
 

Based on the above data and information as well as on findings and results from action A2 we 

ƻǊƎŀƴƛȊŜŘ ƛƴ ǇǊƻƧŜŎǘΩǎ ȅŜŀǊǎ нлнн ŀƴŘ нлно ǘǿƻ ŦƛŜƭŘ ǎǳǊǾŜȅǎ ƛƴ ǘƘŜ όоύ btΩǎ ƛƴ DǊŜŜŎŜ ƛƴ ƻǊŘŜǊ ǘƻ 

systematically collect bear scats and try to evidence bears zoochory in each of the forest ecosystems 

in the (3) project areas.  

More specifically: 

The seasonal surveys for detection and number of samples of bear scats detected/collected in the 

(3) NPs (project sub-areas) in Greece were conducted mainly by personnel from the (3) NPs in 

Greece. The findings and results are presented in the following table (1): 

Table 1: Periods of sampling and sample size in the (3) NPs in Greece (project sub-areas). 
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National Park Period of sampling Number of samples 

Northern Pindos July 2023 ς November 2023 (39) 

Prespa June 2022 ς October 2022 (38) 

Rodopi Mountain-
Range 

April 2023 ς October - 2023 (27) 

Total samples  104 

 

Based on the above table we notice that the sample size from the (2) NPs in the western bear 

population nucleus (N. Pindos, Prespa) is comparable in numbers. The sampling period has also 

similarities in the duration. As regards the sample from RMNP the sample number is smaller and the 

survey period is longer. This maybe explained on site specific detectability factors and also to the 

fact that a large part of the RMNP is inaccessible by forest roads and therefore almost impossible to 

survey. In all (3) project sub-areas in Greece, the seasonal sampling for scats detection covers both 

periods of early and late bears hyperphagia periods. 

All samples were entered in an xls format database (see pic 2). For each detected scat sample the 

field team attributed an ID number, GPS coordinates, name of location, date of collection, type of 

substrate, freshness (approximately), altitude. A separate field was created for additional comments 

and remarks. 

 

Picture 2: Indicative structure of the data base for scat samples information entry 

It is worth noting that the majority of the samples were detected on dirty roads along the forest road network 

in each NP. 

Regarding the composition of the scats a macroscopic analysis was performed (not of equal 

precision in all cases) and the content of the droppings in seeds was noted. The identification of the 

seeds was not always possible to be performed by the field crew for different reasons (freshness of 

the scat, detectability of the seeds and level of training of the field crew). In general, the frequency 

of seeds occurrence in the sampled scats was high; In RMNP the frequency of bear scats with seeds 

reached 78% of the total sample.  

The vertical seed dispersal altitudinal range through bear scats is presented in the following table 

(2). 

Table 2: Altitudinal range of scats vertical occurrence in the (3) NPs in Greece. 

National Park Altitudinal range 

ɮκɮʁ˄ˇ˃ʰˍʶˉ˗˄ˎ˃ɼ̌˖ʵʽˁˈˌ ɶ˃ʶˊˇ˃ʹ˄ʾʰ

ʅˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ 

  ʋ          ʇ

ʃʰ˂ʰʽˈˍʹˍʰ 

ˁˇˉˊʱ˄ˇˎκ 

ʹ˃ʷˊʶ ʆ̩ˏˉˇˌ ˇʽˁˇˍˈˉˇˎ

ɮˁˊʽʲʺˌ ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ 

ˍˇˉˇʻʶˋʾʰʂ̩˄ˇ˃ʰ ˍˇˉˇʻʶˋʾʰˌ

ɲʶʾʴ˃ʰ 

ʴʽʰ 

DNA

ɲʶʾʴ˃ʰ 

ʴʽʰ 

ɹˇˏˌ

ɲʶʾʴ˃ʰ ʴʽʰ 

ʲʰˁˍʺˊʽʅhʹ˃ʶʽ˗ˋʶʽˌɮˉˇˋˍˇ˂ʺ ˋˍˇ ʶˊʴʰˋˍʺˊʽˇ

ɮˉˇʵʶʽˁˍʽˁˈ ʰˉˈ 

ʆɿʆ /ƻƴ bƻʅʹ˃ʶʽ˗ˋʶʽˌκʃʰˊʰˍʹˊʺˋʶʽˌ

1 ɽʰ˃ˉˊʽʰ˄ʺ ɮ˄ʰˋˍʰˋʽʱʵˇˎPRLA01 24/6/2022 ɿ плΦурлфр 9 лнмΦмтулт0-1 мΦлф ɾʽˁˍʱ ʵʱˋʹʃʱ˄˖ ˋʶ ʵʰˋʽˁˈ ʵˊˈ˃ˇ

ɰʰˊ˄ˇˏ˄ˍʰˌπʊˎ˂ʱˁʽˇ 

ɮʴΦ ɱʶˊ˃ʰ˄ˇˏ1 1 1

ʇ˕ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ 

(32 ϲ/ύ

ɹʵʾʰ ʃʰˊʱʵˇˋʹ олκсκнлнн 

ɽʱˊʽˋʰ

2 ɽʰ˃ˉˊʽʰ˄ʺ ɮ˄ʰˋˍʰˋʽʱʵˇˎPRLA02 22/7/2022 ɿ плΦтфунф 9 лнмΦлтмпн0-1 мΦмл ʃʰˊˈ˔ʻʽʰ ʵʱˋʹʃʱ˄˖ ˋʶ ʱˋ˒ʰ˂ˍˇɼˊʾ˄ʰ 1 1 1 ʇ˕ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ

4/8/2022 TNT courier 

ɼʰˋˍˇˊʽʱˌ 137851088

3 ɽʰ˃ˉˊʽʰ˄ʺ ɮ˄ʰˋˍʰˋʽʱʵˇˎPRLA03 30/7/2022 ɿ плΦунтут 9 лнмΦмтмуу

2 - 5 

όˉʽʻʰ˄ˈˍʰˍʰ 

о ʹ˃ʶˊ˗˄ύмΦлн ɲʱˋʹ ʁ˅ˎʱˌʃʱ˄˖ ˋʶ ʵʰˋʽˁˈ ʵˊˈ˃ˇ

ɰʰˊ˄ˇˏ˄ˍʰˌπʵʰˋʽˁˈˌ 

ʵˊˈ˃ˇˌ ˉˊˇˌ 

ʶˁˁ˂ʹˋʱˁʽ ʃʰ˄ʰʴʽʱˌ1 1 1 ʇ˕ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ

4/8/2022 TNT courier 

ɼʰˋˍˇˊʽʱˌ 137851088

4 ɽʰ˃ˉˊʽʰ˄ʺ ɮ˄ʰˋˍʰˋʽʱʵˇˎPRLA04 4/8/2022  ɿ плΦупнрт 9 лнмΦнлосл0-1 мΦлф ɾʽˁˍʱ ʵʱˋʹʃʱ˄˖ ˋʶ ʵʰˋʽˁˈ ʵˊˈ˃ˇ

ɰʰˊ˄ˇˏ˄ˍʰˌ 

ɱʰʿʵˇˎˊʾˍˋʰ1 1 1

22/8/2022 TNT courier 

ɼʰˋˍˇˊʽʱˌ 152924091

5 ɽʰ˃ˉˊʽʰ˄ʺ ɮ˄ʰˋˍʰˋʽʱʵˇˎPRLA05 14/8/2022  ɿ плΦуптрп 9 лнмΦмуфун2   5 мΦлн ɲʱˋʹ ʁ˅ˎʱˌɲʾˉ˂ʰ ˋʶ ˊʷ˃ʰ

ɰʰˊ˄ˇˏ˄ˍʰˌ 

ɱʰʿʵˇˎˊʾˍˋʰ1 1 1

22/8/2022 TNT courier 

ɼʰˋˍˇˊʽʱˌ 152924091

6 ɽʰ˃ˉˊʽʰ˄ʺ ɮ˄ʰˋˍʰˋʽʱʵˇˎPRLA06 20/8/2022  ɿ плΦтстун 9 лнмΦлппрл2  5

оΦлн ɮʴˊˇˍʽˁʺ ʴʹ ˃ʶ 

˒ˎˋʽˁʱ ˋˍˇʽ˔ʶʾʰ 

κˋˎˋˍˇʽ˔ʾʶˌ ʵʷ˄ˍˊ˖˄ʃʱ˄˖ ˋʶ ˔˖˃ʰˍˈʵˊˇ˃ˇʃʹʴʷˌ ʃˏ˂ʹˌ1 1 1

22/8/2022 TNT courier 

ɼʰˋˍˇˊʽʱˌ 152924091

7 ɽʰ˃ˉˊʽʰ˄ʺ ɮ˄ʰˋˍʰˋʽʱʵˇˎPRLA07 21/8/2022  ɿ плΦуотор 9 лнмΦнлупл0-1 мΦлн ɲʱˋʹ ʁ˅ˎʱˌʃʱ˄˖ ˋʶ ʵʰˋʽˁˈ ʵˊˈ˃ˇ

ɰʰˊ˄ˇˏ˄ˍʰˌ  

ɱʽˇʲʱ˄ʽˍˋ1h 1 1

22/8/2022 TNT courier 

ɼʰˋˍˇˊʽʱˌ 152924091

ʃʰˊʶ˂ʺ˒ʻʹˋʰ˄ ʸʶˋˍʱ ˍʰ 

ʵʶʾʴ˃ʰˍʰ
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Northern Pindos 637m to 1303m (a.s.l.) 

Prespa 846m to 1424m (a.s.l.) 

Rodopi Mountain Range 448m to 1152m (a.s.l.) 

 

¢ƘŜ ŘŜƴǎƛǘȅ ŀƴŘ ǘƘŜ ǎǇŀǘƛŀƭ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ǘƘŜ ǎŎŀǘ ǎŀƳǇƭŜǎ ƛƴ ǘƘŜ όоύ ǎǳǊǾŜȅŜŘ btΩǎ όǇǊƻƧŜŎǘ ǎǳō-

areas in Greece) is presented on the following maps (1, 2 and 3).  
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In the following photos we are illustrating some characteristic scat samples containing seeds from 

one of the (3) surveyed NPs in Greece. (Northern Pindos National Park). 

  

 

 

 

 
Photos 1,2,3,4,6: Indicative bear scats samples with seeds from different fruit species (i.e. Prunus 
sp., Cornus sp., Rubus sp) from N. Pindos National Park sample. 
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In RMNP the frequency of different brown bear food type and plant seeds, as identified after macroscopic 

examination, is presented in the following graph (1). 
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6. Conclusions 
 

The results of this study confirm that the brown bear (Ursus arctos) plays a significant ecological role in the 

dispersal of seeds (zoochory) across the National Parks of Prespa, Northern Pindos, and Rodopi Mountain-

range. This contribution is primarily achieved through endozoochory, whereby bears consume fleshy fruits 

and disperse viable seeds via their faeces, often over long distances and across diverse habitat types. As 

generalist frugivores, bears facilitate the dispersal of a wide range of plant taxa, many of which are 

ecologically important and associated with early successional or pioneer vegetation. 

The diversity of seeds identified in bear faeces across all three study areas reflects the high plant species 

ǊƛŎƘƴŜǎǎ ŀǾŀƛƭŀōƭŜ ƛƴ ǘƘŜ ǊŜǎǇŜŎǘƛǾŜ Ƙŀōƛǘŀǘǎ ŀƴŘ ǳƴŘŜǊǎŎƻǊŜǎ ǘƘŜ ōŜŀǊΩǎ ōǊƻŀŘ ŘƛŜǘŀǊȅ ǇƭŀǎǘƛŎƛǘȅΦ ¢ƘŜ ǾŀǊƛŜǘȅ 

of food consumed by bears throughout the fruiting season includes both wild native species and, to a lesser 

extent, cultivated plants. This diversity highlights the adaptive foraging strategies of brown bears, allowing 

them to utilize a wide array of fruiting plants, depending on availability and accessibility. The frequency of 

seed presence from different plant origins showed that wild species predominated in the fecal samples, but 

cultivated fruits were occasionally recorded, particularly in Prespa, indicating some level of interaction with 

anthropogenic landscapes. 

Seasonal variation in fruit availability strongly influenced zoochoric activity, which peaked during late 

summer and autumn (August to October). During spring and early summer, seed presence in fecal samples 

was minimal, corresponding to lower fruit production in the landscape. In terms of altitudinal dispersal, scat 

samples were recorded from elevations ranging from lowland areas to alpine zones, demonstrating that seed 

dispersal by bears is not only extensive in horizontal terms but also in vertical gradients. This vertical dispersal 

is of particular importance for plant migration under climate change, as it can facilitate upward range shifts 

of species. 

The spatial distribution of scat samples and GPS telemetry data suggest that brown bears contribute to long-

distance seed dispersal, particularly between forested, shrubland, and alpine zones. This capacity enhances 

ecological connectivity and supports plant colonization in fragmented or heterogeneous habitats. Captureς

recapture data from genetic analysis also provided strong evidence of the amplitude of bear movements and 

thus their potential for long-range seed dispersal. For example, in Prespa National Park, one female 

individual was documented to travel over 42 km in a straight line, indicating a high capacity to transport 

ǎŜŜŘǎ ƻǾŜǊ ǎǳōǎǘŀƴǘƛŀƭ ŘƛǎǘŀƴŎŜǎΦ {ǳŎƘ ƳƻǾŜƳŜƴǘǎ ŦǳǊǘƘŜǊ ǳƴŘŜǊǎŎƻǊŜ ǘƘŜ ōŜŀǊΩǎ ǊƻƭŜ ƛƴ ŎƻƴƴŜŎǘƛƴƎ Ǉƭŀƴǘ 

populations across broad and ecologically diverse landscapes. 

Laboratory viability tests and germination trials confirm that a considerable proportion of seeds remain viable 

ŀŦǘŜǊ Ǝǳǘ ǇŀǎǎŀƎŜΣ ǾŀƭƛŘŀǘƛƴƎ ǘƘŜ ǉǳŀƭƛǘŀǘƛǾŜ ŀǎǇŜŎǘ ƻŦ ǘƘŜ ōŜŀǊΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ Ǉƭŀƴǘ ǊŜƎŜƴŜǊŀǘƛƻƴΦ ¢ƘŜǎŜ 

results reinforce the conclusion that bears not only disperse seeds, but also contribute to their successful 

germination and establishment, thus playing a functional role in ecosystem resilience. 

Differences between the three study areas highlight the influence of landscape characteristics and regional 

biodiversity. In Prespa, the greatest diversity of plant species was recorded, likely due to its biogeographical 

complexity and mosaic landscape. In Northern Pindos, dispersal distances were the longest, attributed to 

the wide-ranging movements of bears and the connectivity of their habitats. In the Rodopi Mountain-range, 

zoochoric activity was moderate but stable, reflecting consistent bear-fruit interactions and relatively 

undisturbed ecosystems. 

Human-modified landscapes bordering bear territories influence zoochoric patterns by altering plant 

availability and shaping bear movement. Although cultivated species were occasionally identified among the 

dispersed seeds, habitat fragmentation and human disturbance may limit the efficiency of natural dispersal 

processes and restrict connectivity between ecosystems. 
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Overall, the brown bear emerges as a keystone species not only for its trophic role as a top predator, but also 

as an agent of ecosystem function through seed dispersal. Its zoochoric activity contributes to biodiversity 

maintenance, ecological succession, and the resilience of plant communities, especially under changing 

environmental conditions. Recognizing this role is essential for integrating large carnivores into broader 

conservation and ecosystem management frameworks that account for both biodiversity protection and the 

provision of ecological services.   
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SUMMARY 
 

The monitoring carried out in the Maiella National Park (MNP) between 2022 and June 2025, under LIFE 

ARCPROM Action D7, assessed Apennine brown bear distribution, numbers, and reproduction using 

opportunistic surveys, biological sampling, and camera trapping following the same methods applied for 

Action A2 (2020-2021). Eighty-two reliable bear bio-signs were recorded, mainly in the southern and 

central-northern portions of MNP with a Minimum Convex Polygon of bear presence of 55,000 ha, smaller 

than in 2021ς22 but still reflecting stable occupation, including high-altitude areas in East Maiella where 

possible denning occurred. Genetic analysis of 29 samples identified seven individuals while combined data 

from observations and GPS collars confirmed 11 bears between 2022 and 2024, including six adults (3 

females and 3 males), three cubs, and two yearlings. Including also the partial data detected until June 

2025, 3 additional cubs have been detected. While minimum numbers of individuals fluctuated from 2012 

until now, the number of females showed a positive trend, with three reproductive females producing eight 

cubs in three years from 2022 to 2025. Reproduction during 2022ς25 was the highest on record for MNP. 

Female F1.143 reproduced in 2023 and 2025, F1.129 produced litters in 2024 and F1.172 reproduced in 

2023. These events exceeded expected reproduction rates, with at least one reproductive event each year 

from 2023 to 2025. The findings support the conclusion that MNP has shifted from sporadic use to stable 

occupation by a vital bear population. 

The assessment of ecosystem functions played by bears in relation to presence data, revealed that in MNP 

the bear plays important ecological roles, notably in seed dispersalτespecially for buckthorn and other 

large-fruited speciesτwhere they have a high impact due to their fruit-rich diet and long-distance 

movements. They also contribute moderately to scavenging and nutrient cycling through soil disturbance, 

while their role in predation is minor compared to wolves. Last but not least, as an umbrella species, bears 

protection indirectly safeguards extensive habitats and other species.  

The LIFE ARCPROM years have been pivotal in consolidating the collection of bear presence data, 

enhancing ecosystem functions, and setting the stage for further ecological benefits as the population 

grows. 
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ʃɳʄɺɽɶʌɶ 
 

ɶ ̄ ʰˊʰˁˇ˂ˇˏʻʹˋʹ ̄ ˇˎ ̄ ˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ̀ ˍˇ ɳʻ˄ʽˁˈ ʃʱˊˁˇ ̱ ʹˌ ɾʰʿʷ˂˂ʰ (MNP) ˃ ʶˍʰ˅ˏ 2022 ˁ ʰʽ ɹˇˎ˄ʾˇˎ 

2025, ̀ ˍˇ ̄ ˂ʰʾˋʽˇ ̱ ʹˌ ɲˊʱˋʹˌ D7 ̱ ˇˎ ̄ ˊˇʴˊʱ˃˃ʰˍˇˌ LIFE ARCPROM, h ˅ʽˇ˂ˈʴʹˋʶ ̱ ʹ˄ ˁ ʰˍʰ˄ˇ˃ʺ, ̱ ˇ˄ 

ʰˊʽʻ˃ˈ ˁ ʰʽ ̱ ʹ˄ h ˄ʰˉʰˊʰʴ˖ʴʺ ̱ ʹˌ ˁ ʰ˒ʷ h ˊˁˇˏʵʰˌ ̱ ˖˄ ɮˉʶ˄˄ʾ˄˖˄ ̝ ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʁ ˎˁʰʽˊʽʰˁʷˌ 

ˁʰˍʰʴˊʰ˒ʷˌ, ̡ ʽˇ˂ˇʴʽˁʺ ɻ ʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰ ˁ ʰʽ ̄ ʰʴʾʵʶˌ-ˁʱ˃ʶˊʶˌ, h ˁˇ˂ˇˎʻ˗˄ˍʰˌ ̱ ʽˌ ʾ ʵʽʶˌ ˃ ʶʻˈʵˇˎˌ ̄ ˇˎ 

ʶ˒ʰˊ˃ˈˋˍʹˁʰ˄ ɹ ʽʰ ̱  ́ɲˊʱˋʹ A2 (2020ς2021). ɼʰˍʰʴˊʱ˒ʹˁʰ˄ ̌ ʴʵˈ˄ˍʰ ɻ ˏˇ h ˅ʽˈˉʽˋˍʰ ʾ ˔˄ʹ ̄ ʰˊˇˎˋʾʰˌ 

ʰˊˁˇˏʵʰˌ, ˁ ˎˊʾ˖ˌ ̀ ˍʰ ˄ ˈˍʽʰ ˁ ʰʽ ˁ ʶ˄ˍˊʽˁˇ-ʲˈˊʶʽʰ ̱ ˃ʺ˃ʰˍʰ ̱ ˇˎ MNP, ˃  ʁɳ˂ʱ˔ʽˋˍˇ ɼˎˊˍˈ ʃˇ˂ˏʴ˖˄ˇ 

ˉʰˊˇˎˋʾʰˌ 55.000 ʁ ˁˍʰˊʾ˖˄, ˃ ʽˁˊˈˍʶˊˇ h ˉˈ ̱  ̌2021ς22 h ˂˂ʱ ʁ ˄ʵʶʽˁˍʽˁˈ ̀ ˍʰʻʶˊʺˌ ˁ ʰˍˇʾˁʹˋʹˌ, 

ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ̄ ʶˊʽˇ˔˗˄ ˃ ʶʴʱ˂ˇˎ ˎ ˕ˇ˃ʷˍˊˇˎ ̀ ˍʹ˄ h ˄ʰˍˇ˂ʽˁʺ ɾʰʿʷ˂˂ʰ ̍ ˉˇˎ ̄ ʽʻʰ˄ˇ˂ˇʴʶʾˍʰʽ 

ˏˉʰˊ˅ʹ ˒ ˖˂ʽ˗˄. ɶ ɹ ʶ˄ʶˍʽˁʺ h ˄ʱ˂ˎˋʹ 29 ɻ ʶʽʴ˃ʱˍ˖˄ ̱ ʰˎˍˇˉˇʾʹˋʶ ʁ ˉˍʱ ɦ ˍˇ˃ʰ, ʁ ˄˗ ̱  h̀ ˎ˄ʵˎʰˋ˃ʷ˄ʰ 

ʵʶʵˇ˃ʷ˄ʰ h ˉˈ ̄ ʰˊʰˍʹˊʺˋʶʽˌ ˁ ʰʽ ˁ ˇ˂ʱˊʰ GPS ʁ ˉʽʲʶʲʰʾ˖ˋʰ˄ ̱ ʹ˄ ̄ ʰˊˇˎˋʾʰ 11 h ˊˁˇˏʵ˖˄ ̱ ʹ˄ ̄ ʶˊʾˇʵˇ 

2022ς2024, ̀ ˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ̫ ˅ʽ ʁ ˄ʹ˂ʾˁ˖˄ (3 ̒ ʹ˂ˎˁ˗˄ ˁ ʰʽ 3 h ˊˋʶ˄ʽˁ˗˄), ̱ ˊʽ˗˄ ˄ ʶˇʴ˄˗˄ ˁ ʰʽ ɻ ˏˇ 

ʶˍʺˋʽ˖˄. ʅˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˁ ʰʽ ̱  h˃ ʶˊʽˁʱ ɻ ʶʵˇ˃ʷ˄ʰ ˃ ʷ˔ˊʽ ̱ ˇ˄ ɹˇˏ˄ʽˇ 2025, h ˄ʽ˔˄ʶˏʻʹˁʰ˄ ʁ ˉʽˉ˂ʷˇ˄ 3 

˄ʶˇʴ˄ʱ. ʃʰˊˈˍʽ ̌  ʁ ˂ʱ˔ʽˋˍˇˌ h ˊʽʻ˃ˈˌ h ˍˈ˃˖˄ ˁ ˎ˃ʱ˄ʻʹˁʶ h ˉˈ ̱  ̌2012 ̫ ˖ˌ ̀ ʺ˃ʶˊʰ, ̌  h ˊʽʻ˃ˈˌ ̱ ˖˄ ̒ ʹ˂ˎˁ˗˄ 

ʷʵʶʽ˅ʶ ̒ ʶˍʽˁʺ ̱ ʱˋʹ, ˃  ʁ̱ ˊʶʽˌ h ˄ʰˉʰˊʰʴ˖ʴʽˁʷˌ ̒ ʹ˂ˎˁʷˌ ˄  h̄ ʰˊʱʴˇˎ˄ ̌ ˁˍ˗ ˃ ʽˁˊʱ ̀  ʁ̱ ˊʾʰ ̝ ˊˈ˄ʽʰ (2022ς

2025). ɶ h ˄ʰˉʰˊʰʴ˖ʴʺ ̱ ʹ˄ ̄ ʶˊʾˇʵˇ 2022ς25 ̋ ˍʰ˄ ́  ˎ ˕ʹ˂ˈˍʶˊʹ ̄ ˇˎ ̫ ˔ʶʽ ˁ ʰˍʰʴˊʰ˒ʶʾ ̀ ˍˇ MNP. ɶ ̒ ʹ˂ˎˁʺ 

F1.143 h ˄ʰˉʰˊʱ˔ʻʹˁʶ ̱  ̌2023 ˁ ʰʽ ̱  ̌2025, ́  F1.129 ɹ ʷ˄˄ʹˋʶ ̱  ̌2024 ˁ ʰʽ ́  F1.172 h ˄ʰˉʰˊʱ˔ʻʹˁʶ ̱  ̌2023. 

ʆ  hɹ ʶʴˇ˄ˈˍʰ h ˎˍʱ ˅ ʶˉʷˊʰˋʰ˄ ̱  hh ˄ʰ˃ʶ˄ˈ˃ʶ˄ʰ ̄ ˇˋˇˋˍʱ h ˄ʰˉʰˊʰʴ˖ʴʺˌ, ˃  ʁ̱ ˇˎ˂ʱ˔ʽˋˍˇ˄ ̫ ˄ʰ 

ʰ˄ʰˉʰˊʰʴ˖ʴʽˁˈ ɹ ʶʴˇ˄ˈˌ ˁ ʱʻʶ ̝ ˊˈ˄ˇ ˃ ʶˍʰ˅ˏ 2023 ˁ ʰʽ 2025. ʆ  hʁ ˎˊʺ˃ʰˍʰ ˎ ˉˇˋˍʹˊʾʸˇˎ˄ ̱  ̌̀ ˎ˃ˉʷˊʰˋ˃ʰ 

ˈˍʽ ̱  ̌MNP ̫ ˔ʶʽ ˃ ʶˍʰʲʶʾ h ˉˈ ̄ ʶˊʽˋˍʰˋʽʰˁʺ ̝ ˊʺˋʹ ̀  ʁ̀ ˍʰʻʶˊʺ ˁ ʰˍˇʾˁʹˋʹ h ˉˈ ̫ ˄ʰ˄ y ˖ˍʽˁˈ ̄ ˂ʹʻˎˋ˃ˈ 

ʰˊˁˇˏʵ˖˄. 

ɶ h ˅ʽˇ˂ˈʴʹˋʹ ̱ ˖˄ ̌ ʽˁˇˋˎˋˍʹ˃ʽˁ˗˄ ˂ ʶʽˍˇˎˊʴʽ˗˄ ̄ ˇˎ ʁ ˉʽˍʶ˂ˇˏ˄ ̌  ̔h ˊˁˇˏʵʶˌ, ̀  ʁ̀ ˎ˄ʱˊˍʹˋʹ ˃  ʁ̱  h

ʵʶʵˇ˃ʷ˄ʰ ̄ ʰˊˇˎˋʾʰˌ, h ˉˇˁʱ˂ˎ˕ʶ ̍ ˍʽ ̀ ˍˇ MNP ́  h ˊˁˇˏʵʰ ɻ ʽʰʵˊʰ˃ʰˍʾʸʶʽ ̀ ʹ˃ʰ˄ˍʽˁˇˏˌ ̌ ʽˁˇ˂ˇʴʽˁˇˏˌ 

ˊˈ˂ˇˎˌ, ˁ ˎˊʾ˖ˌ ̀ ˍʹ ɻ ʽʰˋˉˇˊʱ ̀ ˉˈˊ˖˄ τ ̔ ʵʽʰʾˍʶˊʰ ̱ ˇˎ ́ ʱ˃˄ˇˎ ˁ ʰʽ ɦ ˂˂˖˄ ˃ ʶʴʱ˂˖˄ ˁ ʰˊˉˇ˒ˈˊ˖˄ ˒ ˎˍ˗˄ 

τ ̍ ˉˇˎ ̫ ˔ʶʽ ˃ ʶʴʱ˂ʹ ʁ ˉʾʵˊʰˋʹ ˂ ˈʴ˖ ̱ ʹˌ ̄ ˂ˇˏˋʽʰˌ ̀  ʁ˒ ˊˇˏˍʰ ɻ ʽʰˍˊˇ˒ʺˌ ̱ ʹˌ ˁ ʰʽ ̱ ˖˄ ˃ ʶˍʰˁʽ˄ʺˋʶ˖˄ ̀  ʁ

˃ʶʴʱ˂ʶˌ h ˉˇˋˍʱˋʶʽˌ. ʅˎ˃ʲʱ˂˂ʶʽ ʁ ˉʾˋʹˌ ̀  ʁ˃ ʷˍˊʽˇ ̡ ʰʻ˃ˈ ̀ ˍʹ˄ h ˉˇ˃ʱˁˊˎ˄ˋʹ ˄ ʶˁˊ˗˄ y ˗˖˄ ˁ ʰʽ ̀ ˍˇ˄ ˁ ˏˁ˂ˇ 

ˍ˖˄ ̒ ˊʶˉˍʽˁ˗˄ ̀ ˍˇʽ˔ʶʾ˖˄ ˃ ʷˋ˖ ̱ ʹˌ ɻ ʽʰˍʱˊʰ˅ʹˌ ̱ ˇˎ ʁ ʵʱ˒ˇˎˌ, ʁ ˄˗ ̌  ́ ˈ˂ˇˌ ̱ ʹˌ ̀ ˍʹ˄ ɦ ˃ʶˋʹ ̒ ʺˊʶˎˋʹ ʁ ʾ˄ʰʽ 

ˉʶˊʽˇˊʽˋ˃ʷ˄ˇˌ ̀  ʁ̀ ˏʴˁˊʽˋʹ ˃  ʁ̱ ˇ˄ ˂ ˏˁˇ. ʆʷ˂ˇˌ, ̟  ̩ʁ ʾʵˇˌ-ˇ˃ˉˊʷ˂ʰ, ́  ̄ ˊˇˋˍʰˋʾʰ ̱ ʹˌ h ˊˁˇˏʵʰˌ 

ʵʽʰˋ˒ʰ˂ʾʸʶʽ ̫ ˃˃ʶˋʰ ʁ ˁˍʶˍʰ˃ʷ˄ˇˎˌ ̡ ʽˈˍˇˉˇˎˌ ˁ ʰʽ ɦ ˂˂ʰ ʁ ʾʵʹ. 

ʆ  h̝ ˊˈ˄ʽʰ ̱ ˇˎ ̄ ˊˇʴˊʱ˃˃ʰˍˇˌ LIFE ARCPROM ˎ ˉʺˊ˅ʰ˄ ˁ ʰʻˇˊʽˋˍʽˁʱ ɹ ʽʰ ̱ ʹ˄ ʁ ʵˊʰʾ˖ˋʹ ̱ ʹˌ ̀ ˎ˂˂ˇʴʺˌ 

ʵʶʵˇ˃ʷ˄˖˄ ̄ ʰˊˇˎˋʾʰˌ ̱ ʹˌ h ˊˁˇˏʵʰˌ, ̱ ʹ˄ ʁ ˄ʾˋ˔ˎˋʹ ̱ ˖˄ ̌ ʽˁˇˋˎˋˍʹ˃ʽˁ˗˄ ˂ ʶʽˍˇˎˊʴʽ˗˄ ˁ ʰʽ ̱  ́ɻ ʹ˃ʽˇˎˊʴʾʰ 

ˍ˖˄ ̄ ˊˇːˉˇʻʷˋʶ˖˄ ɹ ʽʰ ̄ ʶˊʰʽˍʷˊ˖ ̌ ʽˁˇ˂ˇʴʽˁʱ ̌ ˒ʷ˂ʹ ˃  ʁ̱ ʹ˄ h ˏ˅ʹˋʹ ̱ ˇˎ ̄ ˂ʹʻˎˋ˃ˇˏ. 

 

 

 

 

 

 

 

 

 



 

 

76 

RIASSUNTO 
 

Lƭ ƳƻƴƛǘƻǊŀƎƎƛƻ ŎƻƴŘƻǘǘƻ ƴŜƭ tŀǊŎƻ bŀȊƛƻƴŀƭŜ ŘŜƭƭŀ aŀƛŜƭƭŀ όtbaύ ǘǊŀ ƛƭ нлнн Ŝ ƎƛǳƎƴƻ нлнрΣ ƴŜƭƭΩŀƳōƛǘƻ 

ŘŜƭƭΩ!ȊƛƻƴŜ 5т ŘŜƭ ǇǊƻƎŜǘǘƻ [LC9 !w/twhaΣ Ƙŀ Ǿŀƭǳǘŀǘƻ ƭŀ ŘƛǎǘǊƛōǳȊƛƻƴŜΣ ƭΩŀōōƻƴŘŀƴȊŀ Ŝ ƭŀ ǊƛǇǊƻŘǳȊƛƻƴŜ 

ŘŜƭƭΩƻǊǎƻ ōǊǳƴƻ ƳŀǊǎƛŎŀƴƻ ƳŜŘƛŀƴǘŜ ƳƻƴƛǘƻǊŀƎƎƛ ƻǇportunistici, raccolta di campioni biologici e foto-

ǘǊŀǇǇƻƭŀƎƎƛƻΣ ǎŜƎǳŜƴŘƻ ƭŜ ǎǘŜǎǎŜ ƳŜǘƻŘƻƭƻƎƛŜ ŀǇǇƭƛŎŀǘŜ ǇŜǊ ƭΩ!ȊƛƻƴŜ !н όнлнл-2021). Sono stati registrati 

82 segni di presenza affidabili, localizzati principalmente nelle porzioni meridionali e centro-settentrionali 

del PNM, con un Minimo Poligono Convesso di presenza pari a 55.000 ettari, inferiore a quello del 2021ς22 

ma indicativo di una presenza stabile, comprendente anche aree di alta quota nella Maiella orientale dove 

si è ipotizzata la presenza di tane. 

[Ŝ ŀƴŀƭƛǎƛ ƎŜƴŜǘƛŎƘŜ Řƛ нф ŎŀƳǇƛƻƴƛ Ƙŀƴƴƻ ƛŘŜƴǘƛŦƛŎŀǘƻ ǎŜǘǘŜ ƛƴŘƛǾƛŘǳƛΣ ƳŜƴǘǊŜ ƭΩƛƴǘŜƎǊŀȊƛƻƴŜ Ŏƻƴ Řŀǘƛ 

provenienti da osservazioni e collari GPS ha confermato la presenza di 11 orsi tra il 2022 e il 2024, inclusi sei 

adulti (3 femmine e о ƳŀǎŎƘƛύΣ о ŎǳŎŎƛƻƭƛ ŘŜƭƭΩŀƴƴƻ Ŝ н ŎǳŎŎƛƻƭƛ ŘŜƭƭΩŀƴƴƻ ǇǊŜŎŜŘŜƴǘŜ. Considerando anche i 

dati parziali raccolti fino a giugno 2025, sono stati rilevati ulteriori 3 cuccioli. Sebbene il numero minimo di 

individui rilevati sia variato dal 2012 a oggi, il numero di femmine ha mostrato un trend positivo con tre 

femmine riproduttive che hanno prodotto otto cuccioli in tre anni, dal 2022 al 2025. Il triennio 2022ς25 ha 

registrato, infatti, il più alto tasso riproduttivo mai documentato per il PNM. La femmina F1.143 si è 

riprodotta nel 2023 e nel 2025, F1.129 nel 2024, mentre F1.172 ha avuto cuccioli nel 2023. Questi eventi 

hanno superato i tassi riproduttivi attesi, con almeno un evento riproduttivo ogni anno tra il 2023 e il 2025. 

I dati confermano che il PNM è passato da ŜǎǎŜǊŜ ǳƴΩŀǊŜŀ Řƛ ǇǊŜǎŜƴȊŀ ǎǇƻǊŀŘƛŎŀ a ǳƴΩŀǊŜŀ Řƛ ǇǊŜǎŜƴȊŀ 

stabile da parte di una popolazione vitale di orsi. 

[ŀ ǾŀƭǳǘŀȊƛƻƴŜ ŘŜƭƭŜ ŦǳƴȊƛƻƴƛ ŜŎƻǎƛǎǘŜƳƛŎƘŜ ǎǾƻƭǘŜ ŘŀƭƭΩƻǊǎƻΣ ƛƴ ǊŜƭŀȊƛƻƴŜ ŀƛ Řŀǘƛ Řƛ ǇǊŜǎŜƴȊŀΣ Ƙŀ ŜǾƛŘŜƴȊƛŀǘƻ 

che nel PNM questa specie ricopre importanti ruoli ecologici, in particolare nella dispersione dei semi τ 

soprattutto di ramno alpino e altre specie a frutti di grandi dimensioni τ grazie a una dieta ricca di frutti e 

ŀƎƭƛ ǎǇƻǎǘŀƳŜƴǘƛ ǎǳ ƭǳƴƎƘŜ ŘƛǎǘŀƴȊŜΦ [ΩƻǊǎƻ ŎƻƴǘǊƛōǳƛǎŎŜ ƛƴƻƭǘǊŜ ƛƴ ƳƛǎǳǊŀ ƳƻŘŜǊŀǘŀ ŀƭƭƻ ǎƳŀƭǘƛƳŜƴǘƻ ŘŜƭƭŜ 

carcasse e al ciclo dei nutrienti attraverso il disturbo del suolo, mentre il suo ruolo predatorio risulta 

ƳŀǊƎƛƴŀƭŜ ǊƛǎǇŜǘǘƻ ŀ ǉǳŜƭƭƻ ŘŜƭ ƭǳǇƻΦ LƴŦƛƴŜΣ ƛƴ ǉǳŀƴǘƻ ǎǇŜŎƛŜ ƻƳōǊŜƭƭƻΣ ƭŀ ǇǊƻǘŜȊƛƻƴŜ ŘŜƭƭΩƻǊǎƻ ǎŀƭǾŀƎǳŀǊŘŀ 

indirettamente ampi habitat e numerose altre specie. 

Gli anni del progetto LIFE ARCPROM sono stati fondamentali per consolidare la raccolta di dati sulla 

ǇǊŜǎŜƴȊŀ ŘŜƭƭΩƻǊǎƻΣ ǇƻǘŜƴȊƛŀǊŜ ƭŜ ŦǳƴȊƛƻƴƛ ŜŎƻǎƛǎǘŜƳƛŎƘŜ Ŝ ǇƻǊǊŜ ƭŜ ōŀǎƛ ǇŜǊ ǳƭǘŜǊƛƻǊƛ ōŜƴŜŦƛŎƛ ŜŎƻƭƻƎƛŎƛ Ŏƻƴ ƭŀ 

crescita della popolazione. 
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Introduction 
 

In the frame of Action D7 bear presence monitoring was carried out with the same objectives and methods 

followed for Action A2, with the final goal to assess bear distribution and numbers. The monitoring protocol 

followed was consistent with the one established in the frame of the Apennine brown bear Monitoring 

Network (RMAM) and specifically adapted to the situation in MNP. As opposed to Greece, this protocol is 

mainly focused on opportunistic monitoring and is aimed at acquiring basic information on where bears 

are, how many individuals are present and if females/females with cubs are present.   

Methods used to detect bear presence were the same followed for Action A2 and reported in the specific 

document delivered with the Mid Term Report (A2.1 and A2.2). Results refer to i) where bears are; ii) how 

many individuals are present and who they are and iii) presence of females with cubs. In the following 

paragraphs results obtained will be reported, also in light of the ones obtained in the frame of Action A2 

and the implications in term of ecosystem functions will be discussed. 

 

Where bears are 
 

Combining results obtained using all the methods (field collection of bear biological material, field surveys 

and camera traps) a total of 107 bear bio-signs were found in the frame of Action D7 (Table 1). Among 

these, 82 have reliability 1 or 2 while 25 have been assigned to reliability 3. 

 

Table 1. Bear bio-signs and their reliability detected in the MNP monitoring area in the frame of Action D7. 

Year 
Reliability 

Total 
1 2 3 

2022 27 1 6 34 

2023 11 2 7 20 

2024 23 6 9 38 

2025 12 0 3 15 

Total 73 9 25 107 

 

Among the 82 bio-ǎƛƎƴǎ ǿƛǘƘ ǊŜƭƛŀōƛƭƛǘȅ м ƻǊ н όŦǊƻƳ ƘŜǊŜ ŎŀƭƭŜŘ Ƨǳǎǘ άōŜŀǊ ōƛƻ-ǎƛƎƴǎέύΣ ф ŘƛŦŦŜǊŜƴǘ ǘȅǇŜǎ ǿŜǊŜ 

detected having different distribution in the years of Action D7 implementation (2022-30/06/2025 Figure 

1).  
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Figure 1. Type of bio-signs with reliability 1 and 2 detected in the MNP monitoring area during the implementation of Action D7 
(2022-30/06/2025). 

 

Bear bio-signs from 01/01/2022 to 30/06/2025 were found in both the southern and northern portions of 

the monitoring area even though in the northern portion only the central-north part was interested by bear 

presence while in the very north, the NE and the NW edges no data were collected (Figure 2). In 2022 MNP 

staff verified a beehive damage (where hairs were also found) just 100 meters outside the NW edge of the 

monitoring area (grey asterisk in Figure 2). This finding could be an indicator of false negatives occurring in 

the NW portion of the monitoring area, however the presence of several barriers between the beehive 

damage and the MNP monitoring area (highway, National road, river, railway) also suggest that the 

movement of individuals between the two areas in that very point (a narrow gorge) could actually be 

difficult if none. For this reason, the datum of the beehive damage, despite the closeness to the MNP 

monitoring area and despite the fact that was actually recorded by MNP staff, has not been included in the 

estimation of the Minimum Convex Polygon (MNP) of bear bio-signs distribution in Action D7. 

The MCP resulting from the analysis of the remaining records (82 bio-signs) is a 55.000 Ha surface almost 

fully encompassed in the bigger 74.000 Ha surface of the MCP estimated for bio-signs detected in 2021-

2022 during Action A2 (Figure 3). This comparison could suggest a contraction in the bear range from 2021 

to 2025 (or at least 2024) but, actually, this statement is too simplistic and a more complex and thorough 

evaluation must be conducted to understand the situation for the Apennine brown bear. 
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Figure 2. Bear bio-signs detected in the MNP monitoring area during 
the implementation of Action D7. The brown rectangle highlights bio-
signs detected on the Maiella massif; the grey asterisk refers to a 
beehive damage detected by MNP staff just 100 meters outside the 
monitoring area. 

 

 

Figure 3. MCP estimated for the bear bio-signs detected 
during Action D7 (2022 ς 30/06 2025) as compared to the 
MCP estimated for bear bio-signs detected during Action A2 (2020-2021). 

 

In fact, MNP is a recolonization area and this imply that the bear bio-signs detection is not only (as in every 

area) affected by collection methods applied, but is also affected by the recolonization dynamics (i.e. by the 

population dynamic of the source population, the situation in the corridors and the situation in the 

recolonized area).  

The trend of the bear bio-signs shows that after the peak reached in 2020, a decrease was detected making 

the years 2022-нлнр ƻƴŜ ƻŦ ǘƘŜ άƘƻƭƭƻǿǎέ ƻŦ ǘƘŜ ǎŜǊƛŜǎ όCƛƎǳǊŜ пύΦ 
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Figure 4. Number of bear bio-signs detected from 2004 to 30/06/2025 in the monitoring area of the Maiella National Park. The blue 
dotted line represents the linear trend of bear bio-signs detection. 

*the number of bio-signs for 2025 only refers to the period 01/01-30/06. 

 

Considering that methods applied so far to search for bio-signs in MNP are mainly opportunistic, it is 

reasonable to hypothesize that data collected have been affected by the inhomogeneity of methods 

applied in different years. However, even though absolute numbers/year may actually be biased, data can 

still be used to observe the trend. The number of bio-signs detected swung from few dozens in the period 

2004-2010 to more than 100 in 2013 and in the periods 2019-2021 and went down again in the period 

2022-2025. Observing the number of bear bio-signs it seems thus that the period 2022-2025 could be 

comparable to the period 2004-2010 but this comparison results as incorrect when observing also data on 

bear distribution and data on the number and sex of individuals. 

Comparing the different MCPs estimated for the periods 2004-2010 (when few dozens of bio-signs were 

found each year), 2011-2019 (from when the number of bio-signs started to increase until the beginning of 

the LIFE ARCPROM), 2020-2021 (years of implementation of Action A2) and 2022-2025 (years of 

implementation of Action D7), we can observe that the MCP of the period 2022-2025 is quite different form 

the one of the period 2004-2010 (Figure 5). While the shape of this last MCP relates to a situation where 

the southern portion of the Park (i.e. the one closer to the source population) is the one mainly interested 

by bear presence, the MCP of the period 2022-2025 has a more regular shape and also includes the 

northern part of the Park (Figure 5). This means that while in 2004-2010 signals of a just-started 

recolonization process were detected, in 2022-2025 the bear range is the result of a stable presence, 

probably decreased in term of bear numbers (see § How many individuals are present and who they are) 

but still related to a situation of consolidated population range expansion. 

Looking at some details of the bear presence detected in 2022-2025, it is worth noticing that two bear 

presence (highlighted in Figure 2) refer to two extremely important episodes. Both of them refer to bear 

presence detection on the high-elevation rocky portion of the East Maiella massif, where only in 2021 few 

other signs had been detected (see Report Action A2); One is the detection of a bear (sighting with video) in 

June 2022 while the other is the finding of footprints on snow in May 2025. They both witness the bear 

presence in the portion of the Park furthest from the source population and the report of May 2025 in that 
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rough, rocky area also suggests that the individual detected denned in that very area. Denning behavior can 

be unequivocally detected only for radio-collared individuals but still the detection of a bear in May in a 

suitable area for denning provides a strong suggestion that such a behavior could actually have happened.  

The two above-reported records bolster the interpretation of the 2022-2025 bear presence in MNP as 

extremely different form the one of the period 2004-2010. Even though the mere number of bear bio-signs 

could suggest a similarity in the two periods, actually the situation is clearly different. Data suggest that the 

low number of bear bio-signs in 2022-2025 is possibly due to a lower detectability (e.g. given to biased 

investigation methods, shyness of individuals, logistic difficulties in monitoring certain areas etc.) but the 

quality and type of those signs clearly indicate that the MNP recolonization is still ongoing and that 

individuals are stably present as well. 

 

The analysis of bear bio-signs distribution in the last 21-years period gives thus the following essential 

information:  

 

1. Bear presence reached a degree of stability first in the south portion of the monitoring area, which 
is the one closest to the Abruzzo, Lazio and Molise National Park where the source population lives. 

 

2. The area where bio-signs were detected changed during the years with a progressive inclusion of 
the north/north-western/north-eastern portion of the monitoring area. 

 

3. The bear presence in the new area in the north-east was first detected in 2020-2021 and was not 
just an episode as data collected in 2022-2025 not only provide that bear presence is still there, but 
also suggest that the presence is stable and related to denning individuals. 
 

This three information suggest that bear presence in MNP is the result of a recolonization process that 

started almost twenty years ago and, going through ups and downs, never stopped since then making bears 

use more and more portions of the area. 

This process passed through a starting phase, when changes in bear presence were slow and difficult-to-

detect, and now maybe entered an actual recolonization phase corresponding to more tangible changes 

even in the short term. 

Results obtained with the implementation of Action A2-D7 gave an essential contribution in assessing 

ǿƘŜǊŜ ōŜŀǊǎ ǊƻŀƳ ŀƴŘ ǿƘŀǘΩǎ ƘŀǇǇŜƴƛƴƎ ƛƴ ǘƘŜ ǘŜǊǊƛǘƻǊȅΦ ¸ŜŀǊǎ нлнл-2021 represented a turning point:  

from a period when some territories could still be excluded by some conservation activities to a period 

when all the territories falling in the MNP monitoring area must be included in all the conservation 

activities; years 2022-2025 are the years of equilibrium-establishment after the peak and data collected 

confirm the inclusion of new areas in the bear range also giving clues of stable bear presence in these new 

areas. 
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.  

Figure 5. Minimum Convex Polygons (MCP) of bear bio-signs detected in four different periods: 2004-2010 (when few dozens of bio-
signs were found each year), 2011-2019 (from when the number of bio-signs started to increase until the beginning of the LIFE 
ARCPROM), 2020-2021 (years of implementation of Action A2) and 2022-2025 (years of implementation of Action D7). 

 

Even though bear radio-collaring is not an activity foreseen in the frame of Actions A2-D7, to give a more 

comprehensive information, we here report that additional bear presence data have been collected in 2022 

and 2023 from the radio-collars of the female F1.129 (radio-collared in the Monte Genzana Alto Gizio 

Nature Reserve) and the problematic male M1.176 (radio-collared by MNP staff in Roccaraso just outside 

the MNP boundary) (Figure 6). 
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Figure 6. GPS locations acquired by the radio-collars of the female F1.129 (October 2022 ς May 2023), captured in the Monte 
Genzana Alto Gizio Nature Reserve, and the male M1.176 (April-July 2022) captured in the Roccaraso village just outside the Maiella 
NP. 

F1.129 was first captured by MNP staff in the Monte Genzana Alto Gizio Nature Reserve before the starting 

of the LIFE ARCPROM. In October 2022 she was captured again by the staff of the Abruzzo, Lazio e Molise 

NP in that same Reserve but the radio-collar broke in May 2023. The male M1.176 is one of the four cubs of 

a problematic female. With his mother and the other three littermates, he roamed in a portion of the 

Special Protected Zone (ZPE) of the Abruzzo, Lazio e Molise National Park (PNALM). After the family break-

up, when he was 1.5 years old, M1.176 started to show problematic behaviours in the same areas but then 

moved closer to the MNP monitoring area. In September and October 2021 he did two sporadic visits but 

then, in October-December 2021, he also frequented the village of Rivisondoli. In 2022 a major BET 

intervention was required to manage the situation (see Report C5.2 and C5.3) and, after the translocation, 

M1.176 established his home range outside and inside MNP in the SW portion of the Park. The collar broke 

in July 2022 while M1.176 unfortunately died in January 2023 for a collision with a vehicle along the 

National road SS17 close to the Special Protected Zone of the PNALM. 
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How many individuals are present and who are they? 
 

Basing on the genetic analysis of bear biological material, the minimum number of bears present/year in 

the MNP monitoring area can be assessed. In the frame of Action D7 a total of 29 genetic samples have 

been collected and sent to the ISPRA laboratory for the relevant analysis (Table 2).  

 

Table 2. List of samples of bear biological material sent to the ISPRA laboratory for the implementation of the genetic analyses 
ŀƛƳŜŘ ŀǘ ŀǎǎŜǎǎƛƴƎ ǘƘŜ ǎŜȄ ŀƴŘ ǘƘŜ ƎŜƴƻǘȅǇŜ ƻŦ ǘƘŜ ōŜŀǊΦ CƻǊ ōŜŀǊǎ ǎǳǊŜƭȅ ŘŜǘŜŎǘŜŘ ŀǎ άŘŜŀŘέ ǘƘŜ ǎȅƳōƻƭ άϞέ and the year of death 
are reported. 

* Genotypes belonging to cubs 

** Collected in 2025 after the end of Action D7 and still to be analysed when this report was written. 

YEAR 
TYPE OF 

SAMPLE 
CODE SEX GENOTYPE  YEAR 

TYPE OF 

SAMPLE 
CODE 

SE

X 
GENOTYPE 

2022 Hair PNM_CG_249 M 171 όϞ нлнпύ  2022 Saliva PNM_CG_265 Bear 

2022 Hair PNM_CG_250 M 171 όϞ нлнпύ  2023 Hair PNM_CG_266 Analysis failed 

2022 Hair PNM_CG_251 M 171 όϞ нлнпύ  2023 Hair PNM_CG_267 Analysis failed 

2022 Hair PNM_CG_252 M 171 όϞ нлнпύ  2023 Hair PNM_CG_268 Analysis failed 

2022 Hair PNM_CG_253 Bear  2023 Hair PNM_CG_269 M 171 όϞ нлнпύ 

2022 Hair PNM_CG_254 Mixed genetic material  2024 Hair PNM_CG_270 F 143 

2022 Hair PNM_CG_255 M 171 όϞ нлнпύ  2024 Hair PNM_CG_271 F 143 

2022 Hair PNM_CG_256 M 202  2024 Hair PNM_CG_272 F 143 

2022 Hair PNM_CG_257 F 129  2024 Hair PNM_CG_273 F 143 

2022 Hair PNM_CG_258 F 129  2024 Hair PNM_CG_274 M 234* όϞ нлнпύ 

2022 Hair PNM_CG_259 Mixed genetic material  2024 Hair PNM_CG_275 F 233* 

2022 Hair PNM_CG_260 M 171 όϞ нлнпύ  2024 Scat PNM_CG_276 Analysis failed 

2022 Hair PNM_CG_261 Mixed genetic material  2024 Scat PNM_CG_277 F 233* 

2022 Hair PNM_CG_262 Bear  2025 Hair PNM_CG_278 

**  2022 Hair PNM_CG_263 F 172  2025 Hair PNM_CG_279 

2022 Hair PNM_CG_264 M 171 όϞ нлнпύ  2025 Hair PNM_CG_280 

 

 

Out of 29 samples analyzed in 2022-2025, 19 (66%) have a complete successful analysis, for 3 samples 

(10%) only the species could be confirmed, for 3 samples (10%) mixed genetic material was found (i.e. risk 

of false genotypes occurring) and, finally, for 4 samples (14%) the genetic analysis completely failed.  Seven 

different genotypes resulted from the analysis (4 females and 3 males) but to assess the minimum number 

of bear present, results of the genetic analysis were combined with results coming from other monitoring 

activities and GPS collars. In 2022 none of the genetic samples collected belongs to M1.176, whose 
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presence was detected through the radio-collar making 5 the minimum number of adult bears (Figure 7); in 

2023 the presence of the females F1.143 and F1.129 was detected through the observation of F1.143 

recognizable family group (she was the only female with 1 cub marked with ear-tags) and the observation 

of F1.129 also marked with ear-tags, making 3 the minimum number of adult bears (Figure 7); finally, in 

2024 the females F1.172 and F1.129 were spotted with, respectively, two yearlings and two cubs making 3 

the minimum number of adult bears (Figure 7). Even though the presence of F1.129 in 2024 was only 

detected through the observations, the genotypes of her cubs resulted from the analysis of 3 samples 

(PNM_CG_274-275-277 that belong to F1.233 and M1.234). F1.172 was detected with her 2 yearlings in 

2024 and was also stably detected from 2020 to 2022. It is thus highly possible that in 2023 she was 

actually present in MNP with her two cubs but, since no genetic samples resulted in her genotype (or the 

ones of her cubs) and since no reliable observation was reported for her family group, in this report she has 

been conservatively considered absent in 2023.  

Even though Action D7 finished at the end of June 2025, no genetic samples have been collected and 

analyzed before 30/06/2025 so that only partial data are available regarding bear presence in 2025. When 

this report has been written, 3 genetic samples collected by MNP have been delivered to the laboratory 

and several genetic samples collected in the frame of a project coordinate by the Environmental Ministry 

(MASE, see §Discussion and implications in term of ecosystem functions) have also been delivered to the 

designated lab. However, an important datum acquired through observations and damage-monitoring, is 

the presence of F1.129 with 3 cubs, the same female that in 2023 was present with 1 cub. 

Combining the genotypes resulted from genetic analysis with data collected through the observation of 

marked individuals and radio-collared individuals, from 2022 to 2024 a total of 11 bears were detected. Six 

out of 11 were adult bears (3 males and 3 females), 3 were cubs of the year and 2 were yearlings.  
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Figure 7. Minimum number of adult bears detected in the MNP monitoring area from 2012 (i.e. form when standardized and 
comparable analysis of genetic samples are available) to 2024. Dotted lines represent the linear trend of the minimum number of 
bears (blue) and the minimum number of females (purple). The green question mark refers to the female F1.172 detected in 2024 
with 2 yearlings that, with high probability, was also present in 2023 with the 2 cubs (see text for details). The grey cub refers to 
M1.234 that disappeared in fall 2024 leaving F1.129 with only 1 cub. 

Data collected on the minimum number of bears detected give an essential contribution for the 

comprehension of the situation in MNP. In fact, they provide information that not only complete the 

framework but also give a key to understand and contextualize ǘƘŜ άǇŜŀƪέ ŀƴŘ άƘƻƭƭƻǿǎέ ŘȅƴŀƳƛŎ ƻōǎŜǊǾŜŘ 

for the bear bio-signs (Figure 4).  

The minimum number of detected individual (MN) follows a different pattern with ups and downs way less 

clear than the ones observed for bear bio-signs. So far the MN experienced one hollow in 2018 and one 

peak in 2021, an expected pattern in the expansion areas where a recolonization process is ongoing.  In 

fact, ups and downs in the number of individuals are due both to the fluctuations in the birth rate normally 

happening in the source population and to the dispersion behaviour that, especially for males, is not linear 

but can imply individuals going back and forth from the source to the expansion areas as well as individuals 

exploring different expansion areas before choosing where to stay.  In fact, a better indicator than MN of 

the ongoing situation is the minimum number of females (MNF). Females are less prone to leave the birth 

areas (a behaviour called philopatry) so that when females are detected in new areas it means that a strong 

motivation is pushing them to disperse (e.g. intra-specific competition) and this, in turn, implies that an 

actual range expansion (i.e. a range expansion of a vital population) is happening. The MN-MNF observed in 

MNP clearly show that the bear bio-signs peak observed in 2019-2021 roughly overlaps with a peak in both 

MN and MNF; however, the hollow in bio-signs detected in the period 2022-2025 is not really confirmed by 

MN-MNF data. On one hand a decrease in MN can actually be observed from 2021 to 2022-2024 but, on 

the other hand, the MNF did not suffer such a decrease and, actually, the number of reproducing females 

during 2022-2024 was the highest ever detected. This information bolsters the concept that, despite the 

apparent similarity, the 2022-2024(2025) situation is way different from the 2004-2010 situation.  The 

number of detected bio-signs decreased for some reason but the bear population living in MNP is more 

than ever a vital population with 3 reproductive females that gave birth to 8 cubs (including the 3 cubs born 

in 2025) in 3 years. This last reporting is one of the most meaningful data collected for the Apennine brown 

bear in the expansion areas and really shapes the essential feature of the situation with not only females 

roaming in the territory but also reproducing. 

Data collected during Action D7 are thus essential not only to assess the current situation but also to 

understand and interpret data collected in the past (and data that will be collected in the future). They 

strengthen the concept that the presence of females and females with cubs is the most important variable, 

bio-signs alone as well as MN alone instead do not provide a satisfying framework to understand the 

conservation status of the Apennine brown bear. 

Peaks and hollows in bear bio-signs and in MN could be due, among other things, to the behavior of males 

that can go back and forth and move from one expansion area to the other. In order to better understand if 

this variable played a role in the pattern of bio-signs and MN observed in MNP, the fate of the adult bears 

detected in the period 2012-2024 was analyzed (Figure 8). 
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Figure 8. Fate of the bears detected from 2012 to 2024 in MNP: left are males, right are females. All the males detected as dead (red 
cells) died in the PNALM or in other expansion areas except for M1.110 that died in 2016 along the road that shapes the boundary 
of the MNP monitoring area. 

A total of 18 bears were detected in MNP from 2012 to 2024, 14 males and 4 females. 

Seven males out of 14 (50%) certainly died, 4 died in the central range, 2 died in expansion areas different 

from MNP while 1 died just outside MNP. The majority of males went back and forth from MNP to the 

source population and/or other expansion areas (n.7, 50%), 4 (29%) were detected in MNP every year (or 

just one year) until they disappeared, 2 (14%) were detected every year in MNP until they died and 1 (7%) 

was detected for the first time in MNP and died that very year. Females, instead, once arrived in MNP were 

stably detected every year. The absence of detection of F1.143 in 2022 and F1.172 in 2023 are with high 

probability due to a failure in the monitoring strategy rather than to an actual absence as they were both 

detected in the adjacent expansion area of the Monte Genzana Alto Gizio Nature Reserve.  

This analysis clearly shows the difference in the dispersal behaviour of males and females. While the 

majority of males roamed in the whole bear range, females once arrived stayed and reproduced. This also 

means that peaks and hollows in bio-signs can be strongly influenced by years of high-presence of males 

followed by years during which males just went to other areas and the same applies to the MN. The arrival 

of females, their stable presence and their reproduction are, instead, the most important variables to look 

at. 

The analysis of fate implemented also provided important information on the levels of mortality for the 

whole ABB population. In the MNP monitoring area, during the LIFE ARCPROM (2019-2025) no dead bears 

were found so that the bear mortality reported (implying also the human-caused bear mortality) is zero. 

From 2012 to 2024 only 1 bear died on the road that shapes the boundary of the MNP monitoring area 

(M1.110 in 2016) but looking at mortality events happened in other portions of the bear range (i.e. the 

PNALM and other expansion areas) that interested bears also sampled in MNP, we can observe that 50% of 

the detected males certainly died and 5 of them disappeared and were never sampled again in any portion 

of the bear range. Among the 7 bears certainly died, 3 have been hit by cars/trucks in the areas of 

connection between the source population and the expansion areas (M1.66, M1.110 and M1.176) stressing 

out the importance of reducing road mortality and human-caused mortality in general for the future of the 

ABB population. 

In response of the Issue 23 raised by CINEA with the letter referring to the monitoring visit held on April 

10th-11th 2025, we can state that the reported human-caused bear mortality for the ABB in MNP during the 

LIFE ARCPROM was 0%, thus way less than the 10% threshold set in the frame of the LIFE ARCPROM. 

BEAR 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 BEAR 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

M1.66 F1.99

M1.72 F1.129

M1.93 F1.143

M1.95 F1.172

M1.105

M1.106

M1.110

M1.120

M1.171

M1.150

M1.197

M1.199

M1.176

M1.202

YEAR YEAR

Detected in MNP

Detected in other portions of the bear range

Year of dedected death
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Presence of females with cubs 
 

In the period 2022-2025, 3 females with 8 cubs were detected in MNP: 

 

- F1.143: she was present in MNP since 2020. In 2023 she was first spotted with 3 cubs near to Roccaraso in 

an area between the source population and MNP. Few days later only 1 cub was left while the first two 

died for unknown reasons (one of the hypothesis is infanticide). She was detected in MNP when just 1 cub 

was left; she was also detected in 2024 with the yearling and in 2025 was detected again in the south 

portion of MNP with her 3 cubs. 

 

- F1.129: she was present in MNP since 2021. She was detected in 2024 with her 2 cubs (F1.233 and 

M1.234). However, in autumn 2024, she was spotted and filmed with just 1 cub meaning that one of the 

cubs died. The genetic monitoring implemented in MNP and in the adjacent area of the Monte Genzana 

Alto Gizio Nature Reserve allowed to understand that the surviving cub is the F1.233. 

 

- F1.172: she was present in MNP since 2020. She was detected with her 2 yearlings (M1.225 and M1.226) 

in 2024. With high probability she was also present in 2023 with her 2 cubs but the monitoring activity 

failed to detect her. 

 

The period 2022-2025 represents the period with the highest number of reproducing females and the 

highest number of detected cubs/yearlings. During the LIFE ARCPROM (2019-2025) 4 reproductive events 

happened with a mean of 0.66 (min-max: 0-2) reproductive events/year. 

In response of the Issue 23 raised by CINEA with the letter referring to the monitoring visit held on April 

10th-11th 2025, we can state that the reported reproductive events exceed the expected value of 1 event/2-

3 years. Especially for the period 2023-2025 when at least 1 reproductive event/year was detected. 

 

 

Discussion and implications in term of ecosystem functions 
 

Data collected in the frame of Action A2-D7 provide information that bolster the hypothesis that the ABB 

population is growing and expanding from the area of the source population (roughly overlapping with the 

PNALM and its ZPE) to the expansion areas. Specifically, the presence of reproductive females, the most 

important indicator of population expansion, clearly suggests that a more and more stable presence is 

interesting the Maiella National Park. In the same time, the distribution of bear bio-signs suggests that 

more and more portions of the Park can be classified as areas with stable bear presence. In fact, despite the 

expected peaks and hollows in the number of bio-signs detected, the number of females detected 

augmented from 2012 until 2025 and, during the LIFE ARCPROM reached its highest value both in term of 

MNF (4 detected in 2021) and in term of reproductive events (4 events from 2023 to 2025). 

This situation is of course a consequence of a growth in the source population: when population increases 

intra-specific competition pushes bears to disperse thus also increasing the bear range. However, if source 
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population growth is a condicio sine qua non for the range expansion, it is not sufficient to make an actual 

expansion happening. It is, in fact, crucial that specific conservation actions are implemented in the 

expansion areas to favour bear arrival, survival and reproduction. 

Data collected during A2-D7 alone as well as compared to the ones collected during 2012-2018, suggest 

that in MNP optimal conditions are available not only for roaming males but also for adult females that 

established their range there and also reproduced. The number of reproductive events reported from 2023 

to 2025, with F1.143 that reproduced 2 times in 3 years, represents one of the most meaningful data to 

assess the current ABB population situation and bolster the hypothesis of a population growth/range 

expansion.  

In order to verify this hypothesis and estimate a new population size for the ABB, a specific project is being 

implemented in 2025. MNP and PNALM promoted the use of funds received with NRRP programs to repeat 

the study to estimate ABB population implemented in 2014 in the frame of the LIFE09 NAT/IT/160 ARCTOS 

including also the main expansion areas. Basing on a protocol drafted by the Sapienza University of Rome 

and promoted by the Lazio Region, the Ministry of Environment (MASE) is thus coordinating a project that 

foresees a systematic positioning of hair-snagging traps from June to September 2025 in the central area of 

distribution (50 5x5Km cells) as well as in the 3 main expansion areas (MNP-Molise Region; Monti Ernici-

Simbruini; Sirente-Velino Nature Park; 45 7x7Km cells). Results of this project will be available in late 2025-

spring 2026 but a first important result is that, thanks to the data on bear presence collected in expansion 

areas, i) the central area of distribution reported in the protocol is already bigger than 2014 (meaning that 

a degree of expansion of the central range has already been aknowledged and ii) the expansion areas have 

been included in the protocol. 

The assessment of the bear population dynamics requires several decades of monitoring (different 

population size estimation should be implemented every 11.4 years, Gervasi & Ciucci 2018), however in the 

meanwhile indicators of the ongoing situation must be evaluated in order to drive conservation actions. In 

this framework, indicators collected so far suggest that MNP passed from being an area where bears 

roamed sporadically to an area that hosts reproducing females. The last 5 years are the ones that mostly 

provided the data to make this assertion, meaning that the increasing stable presence of females is the 

most updated information available for MNP and also meaning that the LIFE ARCPROM years have been the 

most important in term of data, information and insights collected.  

Beyond the importance of the LIFE ARCPROM for all the issues above-discussed connected to the 

assessment of the status of the ABB range expansion process, results of actions A2-D7 have meaningful 

implications also in light of the changes that a stable bear presence can induce in the MNP ecosystem. The 

Apennine brown bear plays an important ecological role contributing to several key ecosystem functions 

essential to the health of the environment. The most important roles played by bears in term of ecosystem 

functions are: seed dispersersal (e.g. Sam et al., 2019, García-Rodríguez et al. 2021, TavǒanoƐlu et al. 2021 

ŀƴŘ ǎŜŜ ŀƭǎƻ ǘƘŜ ŎƘŀǇǘŜǊ άTechnical report on Brown Bear (Ursus arctos) contribution in ecosystem functions 

through zoochory in Prespa, N. Pindos and Rodopi Mountain Range National ParksέύΣ ǎŎŀǾŜƴƎƛƴƎ όŜΦƎΦ Ciucci 

& Boitani, 2008, Hetherington et al. 2021), predation (e.g. Ciucci et al. 2014, Ordiz et al. 2018) and nutrient 

cycling (e.g. Butler&Harestad 1992, Hildebrand et al. 1999, Gende et al. 2004, Tardella et al.2018). An 

additional role that can be found in literature but is poorly investigated for the brown bear in Central Italy is 

the favouring of insects nesting and, ultimately, of woodpeckers through the braking of trees for foraging 

ό½ȅǏƪ-GƻǊŎȊȅƵǎƪŀ Ŝǘ ŀƭΦ 2015). 

The seed dispersal role consists in the dispersion of seeds through scats deposited after feeding on fruits. 

The movement of seeds from one area to another one facilitates dispersion itself as bears potentially carry 

seeds for long distances. However, seed dispersal also positively affects plant germination through the 

removal of the pulp and the provision of the nutrient contained in the scats (Sam et al., 2019; García-
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Rodríguez et al. 2021). Additionally, the deposition of large amounts of seeds concentrated in the scat spots 

also favors granivores (Shakeri et al. 2018).  

Brown bears can have a role as predators, however for the Apennine brown bears mainly scavenging was 

reported and predation on red/roe deers fawns and piglets was hypothesized (Ciucci et al. 2014). Through 

scavenging bears play the role of ecosystem cleaners thus removing decomposing carcasses that are 

reservoir of pathogens for bears themselves and several other animals. Through predation bears can 

contribute in regulating prey population and in providing carcasses for other animals that feed on dead 

animals but cannot kill them (like vultures for example). 

Nutrient cycling for brown bears has been reported in two main fields: transport of nutrients from aquatic 

ecosystems to the lands (Hildebrand et al. 1999, Gende et al. 2004) and movements of soil layers (Butler & 

Harestad 1992, Tardella et al. 2018). While the first one only applies to areas where bears feed on salmons, 

the second one also applies in the Apennines with bears digging to feed on root, ants and insects in general 

(Ciucci et al. 2014). 

In order to evaluate each of the 4 above-mentioned ecosystem functions (seed dispersal, scavenging, 

predation and nutrient cycler) played by the Apennine brown bear in the Maiella National Park, a 3-steps 

analysis was performed (Table 3). 

 

1. the number of taxon playing that specific role in MNP was listed. 

2. For each taxon, the potential impact of that role in the ecosystem was estimated in a scale from 0 to 5. 

This was made taking into account both the importance of each specific role in the taxon ecology and the 

amount of territory covered by each taxon. 

 

3.The degree of importance of having the bear playing that role in MNP. This was assessed by assigning a 

ǎŎƻǊŜ ŦǊƻƳ л ǘƻ р ǘƻ ǘƘŜ ǉǳŜǎǘƛƻƴ άIƻǿ ƳǳŎƘ ƛǎ ǘƘŜ ōŜŀǊ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ǘƘƛǎ ǎǇŜŎƛŦƛŎ ǊƻƭŜ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ǊƻƭŜ 

ŀƭǊŜŀŘȅ ǇƭŀȅŜŘ ōȅ ƻǘƘŜǊ ǎǇŜŎƛŜǎΚέ. 

 

Results show that the number of taxon playing a similar ecosystem function as bears varies from 2 (prey 

regulation/carcass provision) to 8 (medium/big fruits seed disperser); the potential impact of bear presence 

in the MNP (Apennine) ecosystem varies from 1 (prey regulation/carcass provision) to 5 (seed dispersal). 

Basing on the abundance and ecology of each taxon involved, results show that in MNP the bear presence 

plays a significant role (scoring 4-5) in term of seed dispersal of buckthorn and medium-big fleshy fruits, 

while a medium score (2-3) is related to seed dispersal of other berries and scavenging and, finally, a low 

score (0-мύ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ǇǊŜȅ ǊŜƎǳƭŀǘƛƻƴκŎŀǊŎŀǎǎ ǇǊƻǾƛǎƛƻƴ ŀƴŘ ǎƻƛƭ ƭŀȅŜǊǎΩ ƳƻǾŜƳŜƴǘΦ Lƴ ŦŀŎǘΣ ǿƘƛƭŜ ǎŜŜŘ 

dispersal is very efficiently done by bears given the high amount of fruits in the diet and the long distances 

covered, the scavenging role is also played by the more abundant wolves and wild boars. In the same way 

the low predation rates reported for the Apennine brown bear make the wolf the most important taxon 

covering this role while the distribution and abundance of wild boars, as well as the frequency of the 

ŘƛƎƎƛƴƎ ōŜƘŀǾƛƻǊ ƛƴ ǘƘŜƛǊ ŦƻǊŀƎƛƴƎ ŀŎǘƛǾƛǘȅΣ ǊŜŘǳŎŜ ōŜŀǊ ƛƳǇƻǊǘŀƴŎŜ ƛƴ ǘƘŜ ǎƻƛƭ ƭŀȅŜǊǎΩ ƳƻǾŜƳŜƴǘ ǊƻƭŜΦ 

Finally, it is important to report that the role played by bears in seed dispersal is particularly high for the 

buckthorn Rhamnus alpina. This bush lives in specific alpine habitats where berry-feeding by other species 

is quite difficult. Additionally, since buckthorn is a key food source in the Apennine brown bear diet (Ciucci 

et al. 2014), it is consumed in large amounts and its seeds are spread for long distances thus favoring its 

dispersion and germination. 
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Table 3. Three-steps analysis performed to assess the importance of the Apennine brown bear in playing the key ecosystem functions in the Maiella National Park. 

Key role Taxon that play a similar role Potential impact Taxon that can benefit 
Degree of importance 

in MNP 

Seed disperser 

Small fruits like berries 

Bear (Ursus arctos marsicanus) 5 

Frugivorous animals;  
Plants producing fruits 

eaten by bears; 
Granivorous small 

mammals; 

5 for buckthorn 
(Rhamnus alpina); 

 
 3 for other berries 

species 

Bedger (Meles meles) 3 

Fox (Vulpes vulpes) 2 

Stone marten (Martes foina) 1 

Pine marten (Martes martes) 1 

Turdidae 3 

Medium/big fruits like 
cherries and apples 

Bear (Ursus arctos marsicanus) 5 

4 

Bedger (Meles meles) 3 

Fox (Vulpes vulpes) 1 

Stone marten (Martes foina) 1 

Pine marten (Martes martes) 1 

Wild boar (Sus scrofa) 4 

Red deer (Cervus elaphus) 3 

Porcupine (Hytstrix crestata) 2 

Scavanger 

Bear (Ursus arctos marsicanus) 3 

Humans and other 
animals 

2 

Wolf (Canis lupus italicus) 4 

Wild boar (Sus scrofa) 3 

Fox (Vulpes vulpes) 1 

Golden eagle (Aquila crysaetus) 2 

Vultures 5 

Ravens 4 

Prey regulation/carcass provision 
Bear (Ursus arctos marsicanus) 1 Preys, humans, all other 

scavengers 
0 

Wolf (Canis lupus italicus) 5 

Nutrient cycler (soil layers movement) 

Bear (Ursus arctos marsicanus) 2 
Plants, insects, 
herbivores and 

insectivorous animals 
1 

Wild boar (Sus scrofa) 5 

Bedger (Meles meles) 2 
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The analysis performed shows that the establishment of a stable bear population in the MNP, favoured by 

the LIFE ARCPROM actions, already contributed to the MNP ecosystem health through the significant 

presence of: 

 

- an important species for seed dispersal in general and for buckthorn seed dispersal in particular. 

- ŀ ǎǇŜŎƛŜǎ ǘƘŀǘ ƘŜƭǇǎ άŎƭŜŀƴƛƴƎέ ǘƘŜ ŜŎƻǎȅǎǘŜƳ ŦǊƻƳ ŎŀǊŎŀǎǎŜǎ ǘƘǳǎ ǊŜŘǳŎƛƴƎ ǘƘŜ ŘƛŦŦǳǎƛƻƴ ƻŦ 

pathogens. 

- a species that contributes in nutrient cycling through the movement of soil layers. 

 

To conclude the assessment of ecosystem functions played by bears it is necessary to report that, beyond 

the specific above-reported roles, bears are an umbrella species. Given the diverse habitats required for 

their living and the sizes of their home ranges, by protecting bears several habitats are protected as well in 

significant surfaces. All the species that live in MNP have thus benefitted of the bear protection indirectly 

and this makes the bear protection one of the most important actions that can be implemented to protect 

the whole MNP environment. 

Scores reported in Table 3 have been drafting taking into consideration the actual bear presence in MNP. In 

the future, when hopefully a bigger bear population will be present, the positive impact of bear presence in 

the MNP ecosystem will be even higher, meaning that the work done in the frame of the LIFE ARCPROM 

not only provided improved ecosystem functions in the short term but also favoured their improvement in 

the future. 
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Abstract 
 

This report was prepared within the framework of the LIFE Nature and Biodiversity project 

LIFE18 NAT/GR/000768 άLƳǇǊƻǾƛƴƎ human-bear coexistence in 4 National Parks of Southern 

9ǳǊƻǇŜέ (LIFE ARCPROM), implemented  by  the Environmental Organization for Wildlife and 

Nature ά/ŀƭƭƛǎǘƻέ (coordinating beneficiary), in collaboration with the Management Body of 

Prespa National Park, the Ente Parco Nazionale della Maiella, the  Management Agency of 

Northern Pindos National Park, the Management Body of Rodopi Mountain-Range National Park, 

the University of Western Macedonia, the University of Thessaly, and WWF Italia Onlus 

(associated beneficiaries). The project is co-funded by the LIFE financial instrument of the 

European Community. The institution responsible for the research, implementation, and drafting 

of this report was the Laboratory of Forest Economics of the Aristotle University of Thessaloniki, 

under the scientific supervision of Associate Professor Konstantinos G. Papaspyropoulos. 

 

Riassunto 
 

Lƭ ǇǊŜǎŜƴǘŜ ǊŀǇǇƻǊǘƻ ŝ ǎǘŀǘƻ ǊŜŘŀǘǘƻ ƴŜƭƭΩŀƳōƛǘƻ ŘŜƭ ǇǊƻƎŜǘǘƻ [LC9 bŀǘǳǊŀ Ŝ .ƛƻŘƛǾŜǊǎƛǘŁ [LC9му 

b!¢κDwκлллтсу άaƛƎƭƛƻǊŀǊŜ ƭŀ ŎƻŜǎƛǎǘŜƴȊŀ ǳƻƳƻ-ƻǊǎƻ ƛƴ п tŀǊŎƘƛ bŀȊƛƻƴŀƭƛ ŘŜƭƭΩ9ǳǊƻǇŀ 

ƳŜǊƛŘƛƻƴŀƭŜέ ό[LC9 !w/twhaύΣ ǊŜŀƭƛȊȊŀǘƻ ŘŀƭƭΩhǊƎŀƴƛȊȊŀȊƛƻƴŜ !ƳōƛŜƴǘŀƭŜ ǇŜǊ la Fauna Selvatica e 

ƭŀ bŀǘǳǊŀ ά/ŀƭƭƛǎǘƻέ όōŜƴŜŦƛŎƛŀǊƛƻ ŎƻƻǊŘƛƴŀǘƻǊŜύΣ ƛƴ ŎƻƭƭŀōƻǊŀȊƛƻƴŜ Ŏƻƴ ƭΩ9ƴǘŜ DŜǎǘƻǊŜ ŘŜƭ tŀǊŎƻ 

bŀȊƛƻƴŀƭŜ Řƛ tǊŜǎǇŀΣ ƭΩ9ƴǘŜ tŀǊŎƻ bŀȊƛƻƴŀƭŜ ŘŜƭƭŀ MaiellaΣ ƭΩ9ƴǘŜ DŜǎǘƻǊŜ ŘŜƭ tŀǊŎƻ bŀȊƛƻƴŀƭŜ ŘŜƭ 

tƛƴŘƻ {ŜǘǘŜƴǘǊƛƻƴŀƭŜΣ ƭΩ9ƴǘŜ DŜǎǘƻǊŜ ŘŜƭ tŀǊŎƻ bŀȊƛƻƴŀƭŜ ŘŜƭƭŀ /ŀǘŜƴŀ aƻƴǘǳƻǎŀ ŘŜƭƭŀ wƻŘƻǇƛΣ 

ƭΩ¦ƴƛǾŜǊǎƛǘŁ ŘŜƭƭŀ aŀŎŜŘƻƴƛŀ hŎŎƛŘŜƴǘŀƭŜΣ ƭΩ¦ƴƛǾŜǊǎƛǘŁ ŘŜƭƭŀ ¢ŜǎǎŀƎƭƛŀ Ŝ ²²C Lǘŀƭƛŀ hƴƭǳǎ 

(beneficiari associati). 

Il progetto è cofinanziato dallo strumento finanziario LIFE della Comunità Europea. 

[ΩŜƴǘŜ ǊŜǎǇƻƴǎŀōƛƭŜ ŘŜƭƭŀ ǊƛŎŜǊŎŀΣ ŘŜƭƭΩŀǘǘǳŀȊƛƻƴŜ Ŝ ŘŜƭƭŀ ǊŜŘŀȊƛƻƴŜ ŘŜƭ ǇǊŜǎŜƴǘŜ ǊŀǇǇƻǊǘƻ ŝ 
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ǎǘŀǘƻ ƛƭ [ŀōƻǊŀǘƻǊƛƻ Řƛ 9ŎƻƴƻƳƛŀ CƻǊŜǎǘŀƭŜ ŘŜƭƭΩ¦ƴƛǾŜǊǎƛǘŁ !ǊƛǎǘƻǘŜƭŜ Řƛ {ŀƭƻƴƛŎŎƻΣ ǎƻǘǘƻ ƭŀ 

supervisione scientifica del Professore Associato Konstantinos G. Papaspyropoulos.
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1. INTRODUCTION AND PURPOSE 
 

1.1. Purpose and goals of the LIFE ARCPROM project 
The LIFE ARCPROM project aims to improve the conservation status of the brown bear (Ursus 

arctos) in Greece and the endemic subspecies Ursus arctos marsicanus in Italy by addressing the 

increasing humanςbear conflicts and promoting their coexistence. In Greece, the presence of the 

brown bear is concentrated in two main population cores, which are geographically isolated and 

together account for approximately 50% of the national population of the species. Although 

positive trends in population recovery have been recorded, the species' expansion into lower- 

altitude areas with agricultural land use increases the likelihood of conflict with humans, mainly 

due to access to anthropogenic food sources and the lack of rational management. In areas where 

bear presence is relatively recent but steadily increasing, immediate measures are required to 

ensure the conservation of the existing individuals and support population growth. 

In Italy, the project focuses on the endangered Apennine subspecies population, which 

numbers only around 50 individuals and whose survival depends on expanding its distribution and 

reducing human-induced mortality. Actions are implemented in Maiella National Park (MNP), 

where a stable bear presence and confirmed reproduction events have been documented. 

In Greece, interventions are carried out in areas under the responsibility of the Management 

Unit of Prespa National Park (MBPNP), the Management Unit of Northern Pindos National Park 

(PINDNP), and the Management Unit of Rodopi Mountain Range National Park (RMNP), all part of 

the Natural Environment and Climate Change Agency (NECCA). The University of Thessaly (UTH) 

and WWF Italy also participate in the project, contributing scientific and organizational expertise. 

The main objectives of the project include: 

ω Maintaining human-induced mortality at sustainable levels (e.g., below 4% of  

the minimum estimated population in Greece). 

ω Ensuring  that the proportion of reproducing  females remains at  levels that support 

population viability. 

ω Increasing the tolerance of local communities through stakeholder consultations, the 

operation of Local Platforms, and awareness-raising actions. 

ω Strengthening cross-border cooperation, facilitating knowledge exchange, and providing 

training for personnel of the involved agencies. 

ω Implementing  preventive  protection  measures,  such  as  emergency  response  teams, 

poison detection dogs, and livestock guarding dogs. 

ω Highlighting the added value of bear presence through certification of local products and 

the promotion of ecotourism. 

ω Raising public awareness and promoting effective coexistence practices to safeguard 

population viability and preserve ecological balance. 
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1.2. Project Areas of the LIFE ARCPROM Program 
 

1.2.1. Maiella National Park 
Maiella National Park (MNP), located in the Abruzzo Region of Central Italy, is an area of high 

ecological value and serves as a key refuge for the Apennine brown bear (Ursus arctos marsicanus), 

an endemic and critically endangered subspecies. The Park is characterized by extensive forested 

areas, alpine meadows, and low human population density, making it highly suitable for 

biodiversity conservation. 

It encompasses protected areas within the Natura 2000 network, nature reserves, and 

culturally significant sites, and implements a zoned protection system. MNP is one of the few areas 

outside the AbruzzoςLazioςMolise National Park where a stable presence of reproducing 

individuals of the subspecies has been recorded, making it critical for the conservation of the 

brown bear population. 

Bear monitoring in the Park is carried out through systematic methods such as camera traps, 

genetic analysis, and GPS tracking. Its southern zone has been designated as a core area in the 

National Action Plan for bear conservation. Strengthening and stabilizing the ǎǇŜŎƛŜǎΩ population 

in MNP is a national-level conservation priority. 

 

1.2.2. Prespa National Park 
Prespa National Park is one of the most important protected areas in Greece, with exceptional 

ecological, geographical, and cultural significance at both national and transboundary levels. It is 

characterized by a wide variety of natural habitats, including forests, grasslands, agricultural land, 

and the presence of the Small and Great Prespa Lakes. Most of the land within the Park is publicly 

owned, while agricultural areas are primarily municipal or privately owned. 

The region hosts rich flora and fauna, including a large number of endemic and protected 

species. The combination of mountainous, lacustrine, and forest ecosystems makes the Park one 

of the most important biodiversity hotspots in the broader Balkan region. 

The presence of the brown bear (Ursus arctos) is of particular importance, as the wider Prespa 

area represents a significant population core for the species. The local population is vital for 

maintaining the genetic and spatial connectivity of the species, both nationally and across borders. 

The geographical location of the area enhances its role as a crucial link between bear populations 

in Greece, Albania, and North Macedonia, where the species faces increasing pressure from 

human activities. 

The Park integrates elements of natural heritage, ecological sensitivity, and socio-economic 

relevance, and plays a critical role in the conservation of large carnivores in the wider mountainous 

zone of Western Macedonia. 

 

1.2.3. Rodopi Mountain Range National Park) 
The Rodopi Mountain Range National Park is one of the most important biodiversity areas in 

the Balkan Peninsula, with rich fauna and flora and notable ecological significance at both national 
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and transboundary levels. Its ecological diversity stems from its geographical location, complex 

topography, microclimatic variations, and geological history. 

The main land uses include forestry, livestock farming, and agriculture, with most forest areas 

being publicly owned. The Park is divided into protection zones with varying degrees of permitted 

activities and hosts a range of conservation designations, such as Wildlife Refuges and Natural 

Monuments. 

Rodopi is home to natural habitat types of high ecological value and serves as a refuge for key 

wildlife species, including the brown bear (Ursus arctos), the wolf, the otter, the Balkan chamois, 

and the red deer. The bear maintains a geographically isolated population here, which is 

connected to other cores in the broader region of the Eastern Balkans. The tŀǊƪΩǎ importance lies 

in its role as a critical link for the spatial connectivity of bear populations, supporting the ǎǇŜŎƛŜǎΩ 

long-term conservation. 

Despite its ecological value, the area faces challenges related to humanςwildlife conflict, 

making targeted management interventions essential to maintaining the balance between 

conservation and human activity. 

 

1.2.4. Northern Pindos National Park 
Northern Pindos National Park is one of the largest and most ecologically important protected 

ecosystems in the country, with particular significance for the conservation of the brown bear 

(Ursus arctos), a strictly protected and emblematic species. The area hosts one of the strongest 

bear populations in Greece and serves as a key source population for the reinforcement of 

neighboring regions, contributing decisively to the genetic and geographical connectivity of the 

species at both national and transboundary levels. 

The geographical location of the intervention area is of strategic importance, as it links 

subpopulations within the Pindos range, thereby enhancing the cohesion and long-term viability 

of the species. At the same time, the existence of previous management actions through LIFE 

programs has established a strong foundation of experience and best practices, facilitating the 

implementation and expansion of new interventions. 

The Park includes areas under strict protection status, former national parks, wildlife refuges, 

and zones of high ecological value such as Valia Kalda. The main land uses are forestry, livestock 

farming, and agriculture, with the majority of forested areas owned by public or communal bodies. 

The region is particularly rich in flora and fauna, hosting a large number of endemic species 

and species of community interest, as well as a variety of priority natural habitats. The presence 

of the bear is an indicator of the ecological integrity of the forest ecosystem, and its conservation 

in the Pindos region constitutes a key pillar of the overall protection strategy for the species across 

the Balkans and Europe. 

 

1.3. The Need for the LIFE ARCPROM Project 
The LIFE ARCPROM project is necessary because it directly and strategically addresses a series 

of serious and persistent threats that undermine the conservation of the brown bear (Ursus 

arctos) population in Greece and Central Italy. Despite previous efforts and implemented projects, 
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these threats not only persist but have re-emerged more intensely in some areas, while in others 

they are appearing for the first time due to the recent recolonization of bears. LIFE ARCPROM aims 

to offer a coherent and scalable response to this phenomenon by strengthening the tools, 

infrastructure, and capacities of local authorities and communities. 

First and foremost, direct human-induced mortality remains the most pressing threat. 

According to available data, at least 57 incidents of human-caused bear mortality were recorded 

between 1996 and 2018 in the three Greek sub-areas of the project, representing 29.1% of all 

documented human-caused mortality. Estimates suggest that the actual number of deaths may 

reach as high as 171 incidents, implying the existence of significant underreporting or undetected 

killings τ potentially affecting up to 34% of the national population. Causes include deliberate 

killings in response to damage, road collisions, illegal hunting, and poisoning or trapping. Despite 

actions under previous LIFE projects and some progress in prevention and deterrence, the 

problem remains severe and disruptive to the ǎǇŜŎƛŜǎΩ survival. 

Second, the project fills a gap left by the lack of unified planning across areas with varying 

degrees of previous engagement in bear conservation. Rodopi and Prespa have not benefited from 

LIFE projects for the brown bear since 1999 and 2002, respectively, leaving management 

authorities with limited resources, equipment, and expertise. In Pindos, the early termination of 

the LIFE ARCPIN project left several actions incomplete, preventing them from progressing to the 

After-LIFE phase. In Italy, despite the growing bear presence in recent years, Maiella National Park 

has never been a direct partner in a LIFE project specifically targeting bear conservation. As such, 

the continuation, reinforcement, and geographic expansion of conservation efforts are essential. 

Third, LIFE ARCPROM responds to the need for institutional capacity-building among Protected 

Area Management Bodies. The project does not limit itself to isolated interventions but invests in 

systematically strengthening local authorities so they can sustain these efforts after the project 

ends. The development of specialized units τ such as Bear Emergency Response Teams, Poison 

Detection Dog Units, and Livestock Guarding Dog Networks τ exemplifies this empowerment. 

The transfer of know-how from previous projects, the utilization of existing infrastructure, and the 

creation of new facilities help ensure the long-term viability of these interventions. 

Fourth, awareness-raising remains a critical need. In all participating regions, a lack of 

information among certain social groups (e.g., livestock farmers, hunters, local communities) leads 

to fear, misunderstanding, and at times violent reactions to the presence of bears. Despite 

previous programs, a significant percentage of hunters still lack a basic understanding of bear 

biology and behavior. In the Maiella area, the recent recolonization of bears is perceived as a 

threat, with local communities reacting as if confronted with a άƴŜǿ dangerous ŀƴƛƳŀƭΦέ LIFE 

ARCPROM integrates awareness, education, and outreach activities aimed at changing 

perceptions and supporting the peaceful coexistence of humans and wildlife. 

Fifth, the project aims to establish metapopulation connectivity between isolated bear 

population cores in Greece and the wider Balkans. The three Greek project areas τ Pindos, 

Rodopi, and Prespa τ play a critical role as source populations, providing dispersing individuals to 

recolonized regions, thereby maintaining genetic flow and reducing isolation. Strengthening these 

connections through appropriate management practices and mortality reduction is vital for the 

long-term viability of the species at a macro-regional scale. 

Finally, the current timing is ideal for activating the project. Beyond the escalation of threats 
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and the reappearance of bear mortality incidents, the management authorities now possess 

greater experience, statistical data, and an improved understanding of local social dynamics τ all 

of which increase their capacity to accept and implement the proposed interventions. LIFE 

ARCPROM builds on this maturity, linking the past with the future of species conservation and 

establishing a unified, coherent, and Europe-wide action framework. 

In summary, LIFE ARCPROM is not merely a continuation project. It is a targeted response to 

an ever-evolving landscape of threats and challenges facing the brown bear, to transform 

scattered efforts into stable, manageable, and long-term conservation solutions. 

 

1.4. Actions of the LIFE ARCPROM project 
The project comprises a wide range of actions, covering data collection on bear population and 

distribution, prevention and mitigation of humanςbear conflicts, capacity-building for 

management authorities, training and awareness-raising for targeted groups, monitoring of 

intervention effectiveness, promotion of humanςbear coexistence through local products and 

services, as well as dissemination and replication of results at national and European levels. 

Action D7 ς ά!ǎǎŜǎǎƳŜƴǘ of Ecosystem CǳƴŎǘƛƻƴǎέ constitutes a critical tool for documenting 

the environmental and socio-economic value of the LIFE ARCPROM project. This action aims to 

identify and evaluate the ecosystem services related to the presence and conservation of the 

brown bear (Ursus arctos), a keystone and umbrella species whose protection reflects the broader 

ecological health of forest ecosystems. The evaluation focuses on both quantitative and qualitative 

data, in order to highlight those ecosystem functions that positively impact the environment, the 

local economy, and sustainable development. 

This task entails the collection, processing, and interpretation of data related to the ecosystem 

services delivered throughout the implementation of the project. Data collection will be carried 

out using tailored questionnaires distributed to the ǇǊƻƧŜŎǘΩǎ co-beneficiaries and partners, 

particularly those who were actively involved in Actions D1 (monitoring of Actions C4, C5, C7, C9, 

and C10), D3 (monitoring of Action C8 and the Bear-Friendly labeling scheme for products and 

services), D4 (monitoring of anti-poisoning and volunteer engagement actions), and D5 

(monitoring of changes in the attitudes of involved social groups). Action D7 will use input from 

the participating co-beneficiaries involved in Actions D1, D3, D4, and D5 to deliver an integrated 

assessment of the project's overall impacts. 

 

1.5. Purpose of the Present Report 
This report is prepared within the framework of Action D7 ς ά!ǎǎŜǎǎƳŜƴǘ ƻŦ 9ŎƻǎȅǎǘŜƳ 

CǳƴŎǘƛƻƴǎέ ƻŦ ǘƘŜ [LC9 !w/twha project and concerns the documentation of ecosystem services 

resulting from the ǇǊƻƧŜŎǘΩǎ interventions and outcomes throughout its implementation period. 

Specifically, it focuses on the second part of the final report, which evaluates the positive effects 

of conserving the brown bear as both an indicator species and an umbrella species for the stability 

and functionality of mountainous forest ecosystems. At the same time, it records the impacts at 

the level of the local economy, such as the promotion of sustainable agricultural and tourism 

practices and the improvement of coexistence conditions with local communities. Action D7 will 

use data from the ǇǊƻƧŜŎǘΩǎ co-beneficiaries, including participants involved in Actions D1, D3, D4, 



 

 

100 

and D5, to draw integrated conclusions on the ǇǊƻƧŜŎǘΩǎ environmental and socio-economic value. 
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2. LIFE SOCIO-ECONOMIC IMPACTS OF LIFE PROJECTS 
 

The Natura 2000 Network provides a wide range of ecosystem services. According to the 

Millennium Ecosystem Assessment (2005), ecosystem services are classified into: 

¶ Provisioning services 

¶ Regulating services 

¶ Cultural services 

¶ Supporting services 

Research has shown that the economic value of these services is estimated at ϵнлл to ϵолл 

billion τ an amount that far exceeds the cost of managing these areas (Pellegrino et al., 2017). 

The socio-economic benefits of Natura 2000 sites, as reported in the literature (European 

Commission, 2013), include: 

¶ Carbon storage and climate change mitigation 

¶ Recreation and tourism 

¶ Employment 

¶ Biological control 

¶ Food security 

¶ Disaster risk management 

¶ Education and science 

¶ Water purification and conservation 

¶ Fire mitigation 

¶ Ecotourism 

¶ Flood and erosion protection 

LIFE projects, in their various forms, aim to enhance these benefits in areas such as those 

included in the Natura 2000 Network. Among LIFE projects, there are also those focused on 

environmental governance τ projects that involve information dissemination, awareness-raising, 

and communication of environmental issues. These  projects promote knowledge about 

sustainable development and new models of sustainable consumption. 

They facilitate  the  exchange of knowledge about successful environmental solutions and 

practices, including through the development of collaborative platforms among stakeholders and 

training activities. The outcomes may include improvements in the skills of staff in competent 

authorities (social impact) as well as the enhancement and expansion of ecosystem service 

provision (economic impact). 



 

 

102 

3. METHODOLOGY 
This report concerns the assessment of Actions D1, D3, D4, and D5. It was conducted using a 

qualitative approach, employing focus group discussions and in-depth interviews as the primary 

methods. 

 

3.1. Research Approach 
In the present study, qualitative methods were applied to assess the ecosystem services 

affected by the actions of the LIFE ARCPROM project. Qualitative research is a type of inquiry that 

aims at an in-depth understanding of real-world issues (Moser & Korstjens, 2017). In contrast to 

approaches based on numerical data, qualitative research focuses on hypothesis generation and 

provides valuable interpretations and extensions of findings derived from quantitative data. 

At its core lie the experiences, perceptions, and behaviors of participants, and it primarily 

addresses the questions of άƘƻǿέ and άǿƘȅέ rather than άƘƻǿ ƳǳŎƘέ or άƘƻǿ Ƴŀƴȅέ (Tenny et 

al., 2017). While a qualitative study can stand alone, combining it with quantitative data leads to 

a more holistic and comprehensive understanding of the subject under investigation. Quantitative 

research, in turn, provides a wide range of statistical methods (Creswell, 1994), allowing 

researchers to develop interpretive and explanatory models (Libarkin & Kurdziel, 2018). 

The ǊŜǎŜŀǊŎƘŜǊΩǎ primary interest is to understand the meaning individuals assign to their 

perceptions of reality and aimsτthrough appropriate tools and techniquesτto examine and 

describe the world of their individual and social experience as it is lived by the participants 

themselves, not as it is perceived by the researcher (Patton, 1987). 

Choosing a qualitative approach is considered particularly suitable in cases where the 

researcher either knows very little about the issue under investigation or seeks to gain a new 

perspective on an already familiar subject (Silverman, 1998). 

 

3.2. Qualitative Research Methods 
 

3.2.1. Focus Groups 
The focus group is a research method that brings together a small group of participants with 

shared characteristics and experiences to respond to questions in a coordinated setting. 

Participants are selected based on predefined criteria, and the questions are designed to address 

specific scientific issues. Focus groups are commonly used in market research to better understand 

ǇŜƻǇƭŜΩǎ reactions to products or services or to explore their perceptions around shared 

experiences. Discussions can be either guided or more open-ended, allowing for free interaction 

among participants. 

The core methodological aim of the process is for the researcher to understand the 

ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǊŜŀŎǘƛƻƴǎΦ As a program evaluation tool, focus groups can yield valuable lessons and 

recommendations for performance improvement. It is thus a qualitative research or evaluation 

method that relies on interactive and guided discussions organized by the researcher (Morgan, 

1996). 
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The focus group method is applied across nearly all scientific disciplines. It is carried out using 

qualitative techniques and involves gathering a group of individuals who are asked to express their 

perceptions, attitudes, opinions, and beliefs on a range of issues (Calder, 1977). Participant 

selection must be done carefully to ensure that the data generated are useful (Kitzinger, 1995). 

Participants are encouraged to speak freely and interact with one another, rather than responding 

to isolated questions from the researcher. Through this group interaction, it becomes possible to 

explore and clarify their views and beliefs. The facilitator records the discussion and takes notes 

for subsequent analysis. 

This process enables the collection of qualitative data from multiple participants 

simultaneously, making the focus group a practical, efficient, and effective method for capturing 

experiences, attitudes, and perceptions (Kitzinger, 1995). In the context of this report, a single 

online focus group was conducted with approximately ten participants who were involved in 

implementing the LIFE ARCPROM project actions in Greece. 

The group was convened via the online platform ZOOM, which is freely available to faculty 

members of the Aristotle University of Thessaloniki. The choice of an online format was deemed 

appropriate both for logistical convenience and due to the geographical dispersion of the 

participants. The structure followed the classic single focus group format (Morgan, 1996), with 

one moderator guiding the discussion and all participants interacting in real time within the same 

digital environment. 

The group included professionals from various organizations involved in the ǇǊƻƧŜŎǘΩǎ 

implementation, bringing significant experience and expertise in the fields of environmental 

management, biodiversity conservation, and the execution of actions in protected areas. Data 

collection was based on a semi-structured question guide, with emphasis placed on interactive 

exchange of views and highlighting the diverse experiences of implementing actions in different 

regions. 

 

3.2.2. In-Depth interviews 
In-depth interviews are a type of qualitative research that allows researchers to document 

multiple perspectives on reality. Essentially, they are one-on-one conversations that may be 

conducted in person, by phone, or online. This is a flexible and dynamic method that enables 

researchers to understand the social world through the spoken narratives of participants (Taylor 

& Bogdan, 2015). Typically, these are individual interviews lasting between 45 minutes and 2 

hours. 

In-depth interviews help reveal ǇŜƻǇƭŜΩǎ motivations and contribute to identifying their 

perceptions, atti tudes, emotions, and experiences. However, it is important to note that each 

interview reflects only the experiences and views of a single individual. Therefore, in-depth 

interviews do not aim at generalization τ nor are they suitable for it (Kubacki & Thiele, 2017). 

This method was employed to assess the ecosystem services that evolved through the LIFE 

project actions implemented in Maiella National Park, based on interviews with representatives 

of the Italian partners who participated in the program. 
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3.2.2.1. Types of interviews 
To collect qualitative data from the Italian side, two different approaches were employed. First, 

a semi-structured interview was conducted with a staff member of Maiella National Park who had 

been actively involved in implementing the relevant LIFE ARCPROM project actions. The interview 

was based on a predefined question guide, developed in line with the objectives of Action D7 and 

sent in advance to the interviewee to allow for adequate preparation. During the interview, the 

main questions from the guide were reiterated, with emphasis placed both on deepening the 

thematic axes and encouraging open discussion. The interview was conducted via 

videoconference using the ZOOM platform and lasted approximately 50 minutes. 

This approach allowed for systematic coverage of the ǎǘǳŘȅΩǎ key thematic areas while 

preserving the flexibility to explore additional issues that emerged during the conversation. The 

use of open-ended questions facilitated  the collection of meaningful and enriched content, 

grounded in the ƛƴǘŜǊǾƛŜǿŜŜΩǎ experience with the ǇǊƻƧŜŎǘΩǎ implementation in Maiella National 

Park. 

In parallel, a structured written interview was also used for the purposes of this report. This 

was sent and completed via email by the representative of WWF Italy. The interview was based 

on the same question guide but followed a fully structured format, strictly adhering to the wording 

and sequence of the questions. The choice of a written format allowed the respondent to provide 

detailed answers, supported by documentation and references to specific data and experiences 

from the ǇǊƻƧŜŎǘΩǎ implementation in the Italian target areas. 

 

3.2.3. Informed consent 
During the conduct of any research, it is essential to consider important ethical issues in order 

to ensure both the protection of participants and researchers and the integrity of the study. Issues 

such as privacy protection, confidentiality, and informed consent must be addressed before the 

start of the research process. 

For this reason, all participants τ both in the in-depth interviews and the focus group τ were 

asked to provide their consent to participate in the research. Consent forms were signed prior to 

the interviews, after participants had been fully informed about the nature of the study and their 

role in it. Similarly, an informed consent form was sent to the representative of WWF Italy before 

the written interview was conducted, in order to ensure compliance with the ethical protocols of 

the study. 
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4. RESULTS ς DISCUSSION 
 

4.1. Description of the Actions Related to the 

Assessment of Ecosystem Services (Action D7) 
Below are detailed descriptions of Actions D1, D3, D4, and D5, as well as of the associated 

Actions, which constitute the core subject of the present analysis. 

 

Action D1 Action D1 serves as the main monitoring umbrella for the LIFE ARCPROM project in 

Greece, focusing on the assessment of the impact of four specific actions aimed directly at 

reducing humanςbear conflicts: C4, C5, C7, and C9. The objective of D1 is to collect and analyze 

both quantitative and qualitative data regarding  the effectiveness of these interventions in 

improving the conservation status of the brown bear (Ursus arctos), as well as in mitigating the 

ǎǇŜŎƛŜǎΩ habituation to human presence. The action is coordinated by Callisto, with the 

participation of all Management Units for Protected Areas under NECCA (formerly Management 

Bodies), while the University of Thessaly is responsible for developing a geospatial database (GIS) 

and analyzing the collected data. Action C4 involves the training and deployment of Karelian Bear 

Dogs to deter bears from approaching areas with human presence. C5 concerns the operation of 

the Mixed Bear Emergency Team (BET), which intervenes in conflict situations and implements 

both C4 and C9. C7 focuses on deterrent methods (such as electric fencing and bear-proof bins) 

and is monitored via infrared cameras, while C9 introduces new deterrent tools, including acoustic 

and visual devices specifically designed for bears. These actions are implemented in high-risk areas 

where repeated bear intrusions into settlements, crops, or beekeeping installations have been 

recorded. Action D1 monitors a series of indicators: the number and nature of BET interventions, 

the types and effectiveness of deterrent methods used, bear responses (tracked via collars or 

cameras), and changes in local ǊŜǎƛŘŜƴǘǎΩ attitudes following the interventions. Part of the 

evaluation also includes interviews with local populations to assess the social acceptance of these 

measures. This action is considered critical for optimizing management interventions and tailoring 

them to the actual needs of ecosystems and local communities. 

 

Action D3 Action D3 constitutes the main evaluation mechanism for Actions C8 and C10, 

which are implemented in Greece with the aim of mitigating humanςbear conflicts through the 

promotion of alternative, non-invasive practices. The action is led by the University of Thessaly 

(UTH), with the support of WWF Italy for the assessment of Action C10 in Maiella National Park 

(MNP). Action D3 focuses on the collection, observation, and analysis of data concerning the 

performance of Livestock Guarding Dogs (LGDs) distributed to livestock farmers under Action C8, 

as well as the evaluation of the reception of the innovative άōŜŀǊ-ŦǊƛŜƴŘƭȅέ product and service 

certification system introduced by Action C10. Action C8 involves the creation of a network of 

livestock farmers who are provided with trained guarding dogs (of the Greek shepherd breed or 

similar) to deter attacks by carnivores, mainly bears and wolves. Under the monitoring framework 

of D3, annual data are collected on damages before and after the dog donation, the quality of 

puppy rearing, their health and behavior, and the degree of compliance by livestock farmers with 
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key handling guidelines (training, flock bonding, and limiting human interaction). Field visits 

include observation, questionnaire completion, and evaluation by specialized UTH staff. Action 

C10 aims to develop a system for labeling products (mainly of animal origin) and tourism services 

as άōŜŀǊ-ŦǊƛŜƴŘƭȅΣέ through a dedicated certification mark. The goal is to enhance environmental 

awareness, promote the local economy, and position Ursus arctos as a species of not only 

ecological but also economic value. 5оΩǎ monitoring includes questionnaires to producers, shops, 

and consumers, analysis of responses, mapping of economic indicators, and evaluation of the 

market context, which presents particular challenges due to the economic crisis and the 

mountainous nature of the project areas. Acting as a critical meta-analysis of C8 and C10, Action 

D3 enables a targeted evaluation of their effectiveness both in terms of reducing bear mortality 

caused by human activity and in terms of broader socio-economic acceptance and adoption by 

local communities. 

 

Action D4 Action D4 focuses on the systematic monitoring of the effectiveness of two critical 

interventions: the operation of Anti-Poison Dog Units (ADUs) (C3) and the engagement of 

volunteers in detecting and reducing the use of poisoned baits (C6 ς Volunteering). The main 

objective of Action D4 is to record and evaluate measurable performance indicators for each 

action, in order to draw evidence-based conclusions regarding their success or weaknesses τ 

conclusions that directly inform Action D7, which assesses ecosystem functions and services. 

Action C3 is divided into two sub-actions. Sub-action C3.1 concerns the operation of two Anti- 

Poison Dog Units active across the broader project implementation area. Their performance is 

monitored through specific indicators such as the number of patrols, the number of reports 

received from citizens, the number of baits and carcasses detected per year, and changes in these 

figures across the years of implementation. Sub-action C3.2 involves the production and 

distribution of First Aid Kits for poisoned animals to livestock farmers and hunters, with data 

collected on their use and effectiveness (e.g., number of animals saved). Action C6 relates to 

volunteer participation in detecting poisoned baits, with performance monitored through similar 

indicators: number of patrols, findings, and year-to-year variations. The evaluation also includes 

qualitative aspects, such as community involvement and improvement in public attitudes toward 

bears. The implementation of Action D4 was entrusted to the University of Thessaly, with 

contributions from Callisto and WWF. Data  analysis includes the  creation of databases, GIS 

processing, and the production of thematic maps. Action D4 provides critical data for 

understanding the ecological impact of Actions C3 and C6 and is directly linked to the assessment 

of regulating and cultural ecosystem services under Action D7. 

 

Action D5 Action D5 focuses on documenting and analyzing changes in perceptions and 

behaviors among key social groups involved in humanςbear coexistence, through annual 

quantitative surveys conducted in each National Park. Data are collected within the framework of 

the workshops organized under Action C1 (local dialogue platforms), enabling the monitoring of 

the effectiveness of the project's participatory approach using a άǎŎŜƴŀǊƛƻ ŘŜǾŜƭƻǇƳŜƴǘέ model. 

The scenarios include the current situation όάōǳǎƛƴŜǎǎ-as-ǳǎǳŀƭέύΣ a moderate change scenario 

όάǎƳŀƭƭ effƻǊǘέύΣ and an optimistic scenario όάōŜǎǘ ŎŀǎŜέύ involving the adoption of good practices 
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in bear management. Thus, Action D5 provides a critical mechanism for monitoring and shaping 

the social acceptance of the ǇǊƻƧŜŎǘΩǎ interventions τ a component directly relevant to Action D7, 

which evaluates the project's social and cultural ecosystem services (e.g., social cohesion, sense 

of safety, environmental awareness). 

Data collection (over 1,200 questionnaires in total for the years 2021ς2023) allows for the 

identification of trends, regional differences, and the detection of barriers or successes in 

implementing best practices τ particularly in relation to public and stakeholder trust in 

management strategies. The questionnaire was designed based on the SWOT analysis from Action 

C1.1 and was validated for reliability and accuracy using multivariate statistical analysis. 

Implemented by Callisto with the participation of the Management Units for Protected Areas 

(MUPAs), Action D5 not only contributes to improving the social profile of bear conservation but 

also provides quantitative data that can be integrated into the MAES methodology for assessing 

cultural ecosystem services. The availability of reliable quantitative data enhances the capacity for 

evidence-based policymaking at the local level and supports the adaptive management of project 

interventions. 

 

4.2. Results from the Implementation Areas in Greece 
This section presents the results of the focus group conducted with the participation of 

partners who were directly involved in the implementation of LIFE ARCPROM project actions in 

Greece. The discussion focused on evaluating the impacts of these actions on ecosystem services, 

based on the unified European MAES framework and the classification of services according to the 

CICES taxonomy (European Commission. Directorate General for the Environment, 2013). 

Table 1 provides a summary of the participants and their roles in the context of the ǇǊƻƧŜŎǘΩǎ 

implementation. 

Table 1. Focus Group Participants 

Name Position 

Spyros Psaroudas Project Manager in the LIFE ARCPROM project - Callisto 

Elpida Grigoriadou Biologist at Rodopi Mountain Range NP Management Unit 

(NECCA), Project Coordinator since 2022 

Lito Papadopoulou Head of Prespa National Park & Western Macedonia Protected 

Areas Management Unit (NECCA) 

Thanasis Korakis Deputy Head of N. Pindos Management Unit (NECCA) 

Dimitris Bormpoudakis Works at Callisto since 2023 

Giota Argyraki Representative of University of Thessaly, Economic Advisor in 

LIFE ARCPROM 

Giorgos Chatzinakos Works at Callisto 

Tzoulia Tsalazidou Collaborates with the University of Thessaly 

Alexiɞs Giannakopoulos Special Teaching Staff at the University of Thessaly 
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4.2.1. Actions with Ecological Impact 
The evaluation of the project's contribution to ecosystem services must begin with a clear 

account of the ecological footprint of individual actions.  Before proceeding to a systematic 

correlation with ecosystem services as defined by the MAES framework, it was considered 

necessary to analyze which interventions had the most tangible, direct, and measurable impact 

on the ecological functioning of the three implementation areas. The discussion focused both on 

effects on natural ecosystems and wildlife τ with emphasis on the brown bear τ and on the 

consequences for how human communities interact with the natural environment. 

According to the participants in the focus group, four actions stood out as having left the most 

substantial ecological footprint: Actions C3 (combatting poisoned baits through ADUs), C8 

(distribution and monitoring of livestock guarding dogs), C5 (Bear Emergency Teams), and C10 

(promotion of Bear Friendly products). 

Action C3 was described as pivotal in addressing one  of the greatest threats to wildlife: 

poisoned baits. The operation of specialized Anti-Poison Dog Units enabled the rapid detection 

and removal of poison baits, preventing mass deaths among top predators and scavenging bird 

species. The action was considered particularly effective due to its institutional integration and 

continued operational support by NECCA. 

Action C8 enhanced humanςwildlife coexistence by strengthening traditional guarding 

practices. Livestock guarding dogs served as an effective deterrent against bear attacks on herds, 

reducing the need for violent repulsion or elimination of the animal. Moreover, continuous 

monitoring, farmer training, and advisory support made the measure particularly sustainable and 

socially accepted. 

Action C5 played a decisive role in reducing humanςbear conflicts by establishing Bear 

Emergency Teams to manage bear appearances in populated areas. These ǘŜŀƳǎΩ interventions 

reduced local ǊŜǎƛŘŜƴǘǎΩ uncertainty and fear, increased public acceptance of the ǎǇŜŎƛŜǎΩ 

presence, and lowered the likelihood of harmful outcomes for the animal. The action also served 

as a critical prerequisite for the effective implementation of deterrent measures. 

Finally, although Action C10 was less άǘŜŎƘƴƛŎŀƭέ in nature, it succeeded in creating ecological 

added value in an indirect way. The integration of environmental criteria into agricultural 

production through the Bear Friendly label provided incentives for damage-prevention measures 

and promoted a more positive public attitude toward wildlife. Linking species conservation to local 

production was seen as a major innovation with long-term potential for institutional uptake. 

In conclusion, the actions that left the most meaningful ecological footprint were those that 

either directly reduced threats to the survival of the brown bear or improved the way human 

activities interact with the natural environment, thereby strengthening the cohesion and 

resilience of local ecosystems. 
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4.2.2. Ecosystem Services Enhanced by the LIFE 
ARCPROM Actions 

 

4.2.2.1. Provisioning Ecosystem Services 

According to the CICES classification, provisioning ecosystem services refer to the tangible 

material benefits that humans derive from ecosystems, such as the production of food, water, 

biomass, and genetic resources. While the main focus of the LIFE ARCPROM project was on 

improving humanςbear coexistence and reducing conflicts, several actions were directly or 

indirectly linked to the enhancement of provisioning services τ primarily through the support of 

local agricultural production, its connection to environmental values, and the promotion of 

entrepreneurship in mountainous areas. 

 

 Action C10  

The most significant and directly connected action to provisioning ecosystem services was 

Action C10, which involved awarding the ά.ŜŀǊ CǊƛŜƴŘƭȅέ label to local products and services. As 

highlighted by many participants in the focus group, this action served as a catalyst for showcasing 

local products that originate directly from the natural environment of the three implementation 

areas of the LIFE ARCPROM project in Greece τ namely, Prespa, Northern Pindos, and Rodopi 

National Parks τ and are produced in ways that are compatible with brown bear conservation. 

According to the majority of participants, Action C10, centered on awarding the ά.ŜŀǊ CǊƛŜƴŘƭȅέ 

label, represented the ǇǊƻƧŜŎǘΩǎ most targeted effort to enhance provisioning ecosystem services. 

Although its initial purpose was not primarily agricultural or commercial, its practical application 

revealed significant potential for reactivating local production and strengthening rural economies 

in areas with rich natural character but declining productive activity. The symbolic and commercial 

use of the brown bear image as a mark of environmental responsibility acted as a catalyst for more 

systemic recognition of the value of products that come from healthy, functioning ecosystems τ 

ecosystems whose integrity is affirmed by the ōŜŀǊΩǎ presence. 

This relationship between agricultural production and ecological integrity is fundamental to 

the concept of provisioning ecosystem services. In the three project areas τ Prespa, Northern 

Pindos, and Rodopi Mountain-range τ local production includes items closely tied to the natural 

landscape and its resources: traditional cheeses and dairy products from small-scale livestock 

farms, honey from mountain apiaries, high-quality pulses and beans (especially in Prespa), fruits, 

walnuts, chestnuts, and aromatic and medicinal plants. All these are products derived from 

ecologically valuable landscapes, which can τ and should τ be utilized in ways that support both 

ongoing production and biodiversity conservation. 

In this context, the Bear Friendly label functioned not only as a certification but also as a 

broader seal of quality, boosting the confidence of both consumers and producers in the ǇǊƻŘǳŎǘΩǎ 

value. As noted during the focus group, the ƭŀōŜƭΩǎ introduction sparked increased public interest, 

especially at trade fairs, where consumers specifically sought out labeled products. This selectivity 

improved product visibility and generated demand, creating incentives for continued or expanded 

production. 
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In the same spirit, several participants emphasized that the label gave producers a new way to 

communicate the identity of their product τ not only in commercial terms but also in terms of 

environmental ethics and local pride. In Prespa, where there had been no previous bear-related 

program, the label introduced a new thematic axis connecting producer, place, and ecosystem. 

Some producers even adopted the bear as a symbol on their products, indicating that 

environmental values were internalized not just as branding tools but as part of the identity of 

their production. 

Beyond demand, the label also strengthened supply: for a product to bear the Bear Friendly 

label, it must meet specific criteria ensuring compatibility with species conservation. This includes 

adopting practices with low disturbance to the natural environment, avoiding substances or 

methods harmful to wildlife, and using techniques that promote coexistence with wild fauna. As 

a result, the label acts as a driver for improving the environmental performance of production 

units, gradually steering them toward more sustainable use of natural resources τ without 

depleting or degrading them. 

Indirectly, Action C10 also functioned as a tool to counter rural abandonment.  As some 

participants noted, in areas like Pindos, local communities tend to be cautious or even distrustful 

of new organizational proposals such as cooperatives. However, the Bear Friendly label offered a 

more άƴŜǳǘǊŀƭέ and flexible model of collaboration that did not trigger resistance. Rather than 

relying on institutional or administrative reform, it was based on individual adoption of 

environmentally compatible practices and collective promotion of local identity. This model 

appeared more feasible in areas with weak institutional frameworks and limited trust among 

producers. Thus, the action indirectly supported rural entrepreneurship without requiring 

structural changes to the agricultural sector. 

In addition, the symbolic value of the label had the potential to transform an old conflict τ 

between agriculture and wildlife τ into a commercial advantage. From being a άǇǊƻōƭŜƳέ for 

production, the ōŜŀǊΩǎ presence became a άǊŜǎƻǳǊŎŜέ that added value to local goods. This 

reversal perfectly encapsulates the logic of provisioning ecosystem services: an ecosystem, when 

protected and well-managed, can provide not only biomass or food but goods embedded in social 

and cultural meaning. 

At the same time, several participants emphasized the need to adapt such initiatives to the 

specific features of each area. In Prespa, for example, local interest was noted in utilizing fruit trees 

planted as part of the project. Although this interest is not directly linked to the label, it reveals 

the potential for productive use of ecological interventions that, if properly organized, could lend 

new functionality to actions that originally had a purely environmental focus. 

Finally, although most speakers noted that it is still too early to clearly evaluate the economic 

impact of the label, the widespread agreement that άǎƻƳŜǘƘƛƴƎ is ƳƻǾƛƴƎέ was telling. The Bear 

Friendly label served as a tool of communication, identity, and strategic differentiation for local 

products, and paved the way for the reactivation of provisioning ecosystem services that had been 

in decline. If leveraged with continuity and supported by complementary measures (such as 

market linkages and technical assistance for producers), it could become a durable mechanism for 

strengthening sustainable production in sensitive mountainous regions. 
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 Actions C7 and C8  

Within the CICES classification, provisioning services include the production of food, raw 

materials, and genetic resources τ that is, any form of natural good that can be extracted from 

an ecosystem for human use. Strengthening these services requires not only the preservation of 

ŜŎƻǎȅǎǘŜƳǎΩ productive capacity but also the protection of agricultural activity from external 

pressures τ such as damage caused by large carnivores. 

It is precisely in this domain that Actions C7 (Electric Fencing) and C8 (Livestock Guarding Dogs) 

are situated, functioning as mechanisms for safeguarding agricultural production in areas of high 

ecological value, where the presence of the brown bear is significant. The implementation of these 

actions had a positive impact not only in terms of preventing damages but also in reinforcing the 

resilience of food production systems, increasing ǇǊƻŘǳŎŜǊǎΩ confidence, and revitalizing local 

productive activity τ all of which are directly linked to provisioning ecosystem services. 

 

 Action C7 ς Electric Fencing: Preventing Damages and Safeguard in g Productive Capacity  

The installation of electric fences served as a direct and targeted measure for protecting 

agricultural production, particularly for crops frequently targeted by bears, such as beehives, 

vegetable plots, and fruit trees. As the representative of Northern Pindos National Park pointed 

out during the focus group, the absence of such measures practically results in the complete 

collapse of honey production in areas with frequent brown bear presence. In regions like Pindos, 

where bears often appear at lower altitudes and come into direct contact with cultivated land, the 

use of electric fences is a prerequisite for maintaining productive activity. 

In other words, electric fencing ŘƻŜǎƴΩǘ just protect the product τ it protects the very 

existence of production itself. If a beekeeper or grower loses their entire production in one season, 

it is highly likely they will abandon the activity altogether the next. In this light, Action C7 indirectly 

but critically reinforces the ecosystem service of continuous and sustainable production derived 

from the local ecosystem. 

Although, as discussed, electric fencing was not a new measure in all areas (there was prior 

experience, e.g., in Pindos and Rodopi), the expansion and standardization of its application 

through the project contributed to broader acceptance and recognition of the method as an 

effective prevention tool. It was noted that if the action had been implemented more extensively 

in Prespa National Park τ where climatic challenges hindered the implementation of Action C7 τ 

it would likely have had a much greater impact there as well. This highlights the need for ongoing 

monitoring to fully understand the actiƻƴΩǎ contribution to the maintenance of provisioning 

services. 

 

 Action C8 ς Livestock  Guarding Dogs:  Reducing  Losses ,  Strengthening  Trust and Local 

Dynamics  

The provision of specially trained livestock guarding dogs (LGDs) through Action C8 was one of 

the ǇǊƻƧŜŎǘΩǎ most socially integrated and long-term interventions.  

This practice not only contributed to the immediate reduction of livestock losses due to 

predator attacks but also enhanced both the psychological and operational security of livestock 
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farmers. As noted in the focus group, the action enjoyed άǾŜǊȅ strong ŀŎŎŜǇǘŀƴŎŜΣέ even beyond 

the original LIFE ARCPROM implementation zones, as άŘƻƎǎ from well-managed ŦƭƻŎƪǎέ were 

transferred to new areas where bear-related problems emerged (e.g., Chalkidiki). 

The contribution to provisioning ecosystem services here is twofold: on the one hand, the loss 

of animals τ and therefore food τ is avoided; on the other, livestock farmers continue operating 

in mountainous areas they might otherwise abandon. Especially in Greece, where mountainous 

and semi-mountainous livestock farming is a critical source of local dairy production, the 

continuation of this activity in high ecological value ecosystems is of strategic importance. The 

observation that άƭƛǾŜǎǘƻŎƪ farmers are continuing on their ƻǿƴΣέ as reported by the 

representative of the University of Thessaly, indicates the development of endogenous 

momentum τ a self-sustaining process that may continue beyond the life of the program. This is 

crucial for the long-term preservation of ecosystem services, which require constant human 

presence and active management. 

 

4.2.2.2. Regulating and Supporting Ecosystem Services 

According to the CICES classification, Regulating and Supporting Ecosystem Services include all 

those ecosystem functions that contribute to maintaining ecological balance, regulating natural 

processes, and supporting biotic systems through the preservation of habitat structure  and 

function. This category encompasses essential functions such as biodiversity conservation, 

population regulation, disturbance prevention, and the stabilization of natural and semi-natural 

processes that ensure the long-term viability of natural systems. 

The protection of the brown bear (Ursus arctos), an emblematic megafauna species of 

European wildlife, represents a core regulating and supporting service, as the species is closely 

associated with healthy, undisturbed ecosystems of high ecological value. The successful 

coexistence of humans and bears requires functional habitats, conflict prevention, suppression of 

illegal activities (such as the use of poisoned baits), and management practices that preserve the 

biological stability of the area. In this context, Actions C3, C4, C5, C7, and C8 of the LIFE ARCPROM 

project played a significant role as mechanisms for enhancing the ecological regulatory capacity 

of the three National Parks involved in the project. 

Although all focus group participants emphasized that the direct and quantitatively measurable 

impact of these actions on ecosystem functions cannot yet be assessed at this stage, there was 

broad consensus that the foundations laid are critical for strengthening regulatory services in the 

future. 

One of the most crucial interventions was Action C3, which included the operation of the 

Poison Bait Detection Teams and the distribution of anti-poison kits to targeted groups. The use 

of poisoned baits is among the most severe threats to the brown bear and to many other species 

within the food chain. Early detection of such incidents through specially trained dogs (ADUs) is a 

critical measure for regulating human-induced mortality in the ecosystem. This action was 

described as άǘƘŜ most ŜǎǎŜƴǘƛŀƭέ by long-standing staff involved in the management of N. Pindos 

National Park. It was observed that ADUs have shown high effectiveness in preventing poisoning 

incidents and have now been fully integrated into the monitoring and management mechanisms 

of the NECCA agency, contributing significantly to bear conservation and improving the ecological 

integrity of their habitats. Despite staff shortages and challenges in continuous surveillance, the 
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prevention of poisonings is a prerequisite for ecological stability, as it reduces mortality of apex 

predators and maintains intact food webs. 

Action C4, concerning Karelian Bear Dogs, was also considered highly successful in terms of its 

regulatory role in the ecosystem. Despite implementation challenges, many participants noted 

that this pilot initiative exceeded expectations in terms of effectiveness under difficult conditions. 

Karelian Bear Dogs are specialized in chasing bears away from human settlements and can play a 

crucial role in controlling humanςwildlife interactions,  which are among the main causes of 

negative attitudes and retaliatory actions against bears. Indirectly, this action supports regulatory 

services by reducing conflicts,  preventing άǇǊƻōƭŜƳŀǘƛŎέ bear behavior, and maintaining the 

ecological presence of the species while minimizing human interaction. 

Closely linked to the above, Action C5 supported the establishment of Bear Emergency Teams 

(BETs), tasked with managing crises and conflicts in cases of bear presence near residential areas 

or high-risk zones. The swift and effective response of such teams reduces the risk of harm to both 

humans and bears and acts as a regulatory filter between the ecosystem and human activities. 

Technical management of bear encounters allows for defusing the issue without lethal outcomes, 

thus preserving both ecological stability and social acceptance of the ōŜŀǊΩǎ presence in the 

landscape. 

While electric fences (Action C7) are directly related to production (and therefore provisioning 

services), they also have a strong ecological regulatory function. By reducing bear access to 

agricultural areas, they prevent the development of negative learned behaviors among bears (e.g., 

dumpster foraging or habituation to human presence), which often lead to fatal interventions. 

Moreover, the reduced need for human retaliation or illegal activities is an indirect but vital 

regulatory mechanism that ensures the ecosystem is not weakened by aggressive external 

pressures. In regions like Prespa, local communities seemed to appreciate the measure, despite 

its delayed implementation due to seasonal constraints. This highlights that such interventions, 

even when facing difficulties, help build trust and enhance the resilience of the socio-ecological 

system. 

Lastly, Action C8, which involved Livestock Guarding Dogs (LGDs), may have had the most 

immediate effect on maintaining the natural coexistence between productive activities and 

wildlife. The ability of a herd to remain on the fringes of bear habitat without facing daily threats 

is a key regulatory element for sustaining system balance. LGDs serve not only as deterrents but 

also as intermediaries between humans and wildlife, making interactions more sustainable and 

less violent. As noted, the action enjoyed strong acceptance, and its continuation beyond the 

project framework suggests systemic integration. 

Overall, the ǇǊƻƧŜŎǘΩǎ actions within this category did not produce measurable ecological 

outcomes during the ǇǊƻƧŜŎǘΩǎ lifetime τ a fact acknowledged by the participants. However, it is 

clear that foundations were laid for the regulation and maintenance of ecological processes, 

whether through reducing species mortality, preserving habitat functionality, or stabilizing 

humanςnature relations. These services, due to their long-term and cumulative nature, require 

time and consistency to bear fruit, but their importance for maintaining the brown bear ecosystem 

and broader biodiversity remains fundamental. 
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4.2.2.3. Cultural Ecosystem Services 

According to the CICES classification, cultural ecosystem services refer to the non-material 

benefits that people derive from ecosystems, such as the symbolic, spiritual, aesthetic, 

educational, and social values associated with nature. Within the LIFE ARCPROM project, these 

services were mainly highlighted through actions that promoted participation, education, and the 

symbolic reintegration of the bear into the cultural landscape of local communities. Humanςbear 

coexistence acquired new forms of meaning, becoming not only a management goal but also a 

vehicle for social identity, pride, and environmental awareness. 

One of the most significant cultural ecosystem services that emerged through LIFE ARCPROM 

was the enhancement of participation, consultation, and education, not only for the involved 

stakeholders but also for the  local communities. This enhancement was not limited  to the 

provision of information or the  simple transfer of knowledge, but created new channels of 

interaction with the natural environment and introduced a new cultural framework of coexistence 

with wildlife. Actions C1, C2, and E1 served as springboards for redefining societyςbiodiversity 

relations and contributed to fostering a model that is more complex, participatory, and rich in 

symbolic and social value. 

Action C1, which focused on consultations with local actors, laid the foundation for the creation 

of new frameworks of trust and dialogue. The establishment of Local Coexistence Platforms in the 

ǇǊƻƧŜŎǘΩǎ subregions was perceived by participants not as a typical bureaucratic procedure but as 

a meaningful tool for social empowerment. As a representative of Callisto emphasized, άL saw 

alliesτnew allies of Callisto thereτnot just our old ƻƴŜǎΣέ highlighting that human presence in 

the field is a prerequisite for any management strategy. This gradual shift from suspicion to 

cooperation shows that the cultural service of dialogical interaction is not an abstract concept but 

a tangible outcome of participatory methodologies. 

Action C2, through training seminars and workshops, was not only a mechanism for knowledge 

transfer but also a tool for cultural transformation. The active involvement of universities 

(University of Thessaly, University of Western Macedonia) and environmental organizations 

(Callisto, WWF) provided continuity guarantees, creating a shared body of knowledge that 

transcends the temporal and geographical boundaries of the project. Indicative of this educational 

dimension was the element of reciprocal learning, as participants pointed out that even the 

trainers άǿŜǊŜ ǘǊŀƛƴŜŘέ through daily engagement with the local community. This type of 

experiential learning reinforced the cultural service of identification with collective values and a 

community of practice that respects field needs. 

The cultural significance of the actions was further strengthened by Action E1, which presented 

the bear not only as a protected species but also as a symbol. The ά.ŜŀǊ CǊƛŜƴŘƭȅέ label generated 

interest and positive recognition not only at scientific conferences but also at the local level. 

Producers themselves began to perceive the integration of the bear into their products not as a 

decorative element but as a mark of cultural added value, thus enhancing the άǎȅƳōƻƭƛŎ 

ƻǿƴŜǊǎƘƛǇέ of the species by the local community. This cultural shiftτfrom the bear as a threat 

to the bear as an ambassador of ecosystem healthτis fully aligned with the CICES category of 

ά{ǇƛǊƛǘǳŀƭΣ symbolic and other interactions with biota and ŜŎƻǎȅǎǘŜƳǎΦέ 
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However, the ǇǊƻƧŜŎǘΩǎ actions also revealed the prerequisites for making this relationship 

sustainable. Without parallel management of fear and conflict, especially regarding the presence 

of large carnivores, coexistence remains precarious. The creation of the first bear repulsion unit in 

Kozani (Action C4), the operation of rapid response teams, and the implementation of preventive 

measures (Actions C5 and D5) constitute cultural services not only in terms of safety but also of 

social trustτan essential condition for any long-term management approach. As the Callisto 

representative noted, ά²ƛǘƘƻǳǘ ensuring safety for the residents, coexistence becomes extremely 

diffiŎǳƭǘΦέ 

Another important cultural dimension that emerged was the connection of citizensτwhether 

ordinary residents or involved professionalsτwith knowledge and science. Even small 

interactions, such as sample collection or a ǊŀƴƎŜǊΩǎ visit to the field, served as opportunities for 

questions to arise, discussions to begin, and for the sense to develop that άǎƻƳŜǘƘƛƴƎ important 

is happening ƘŜǊŜΦέ This sense of participation and scientific synergy, even without formal 

representation, is a cultural service with a strong element of άŎƻƎƴƛtive ŀǇǇǊƻǇǊƛŀǘƛƻƴέ of the 

landscape. 

Moreover, conservation does not only concern animals and plants, but also people. A 

management system limited to foresters and biologists overlooks the social dynamics and cultural 

transformations of the implementation areas. The need to incorporate environmental sociologists 

and anthropologists into conservation actions is urgent if we want to design policies that recognize 

local particularities as a positive asset rather than an obstacle, as one Callisto representative 

emphasized. 

Finally, the cultural dimension of economic diversification should not be underestimated. 

Coexistence with wildlife is a comparative advantage for areas that cannot compete with mass 

tourism practices. Promoting the bear as a carrier of added value, integrating it into local product 

standards, and gradually changing the collective attitude towards the species constitute deep 

cultural investments. This is not just a branding tool but a shift in mindsets, narratives, and value 

hierarchies. 

The combined effect of Actions C1, C2, C4, C5, C10, and E1 demonstrates that the cultural value 

of the project was not supplementary but foundational. Through participatory practices, symbolic 

structures, interpersonal relationships, and collective learning, LIFE ARCPROM showed how 

cultural integration is not only an outcome but also a prerequisite for the success of management 

interventions. This dynamic shared understandingτboth embodied and symbolicτconstitutes 

the most enduring cultural ecosystem service: the reintegration of nature management into the 

culture of the people who inhabit it. 

 

4.2.3. Summary assessment of ecosystem services 
At the final stage of the focus group discussion, participants were invited to respond to a brief 

poll aiming to provide a concise overview of which category of ecosystem services they believed 

was most enhanced by the LIFE ARCPROM project. The question posed was: 

ά²ƘƛŎƘ group of ecosystem  services do you believe was most favoured  by the ǇǊƻƧŜŎǘΩǎ 

ŀŎǘƛƻƴǎΚέ 

1. Participants could choose among five alternative answers: 
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2. Provisioning (e.g. production of goods from ecosystems) 

3. Cultural (e.g. support for recreation) 

4. Supporting/Regulating (e.g. improvement of habitats) 

5. All of the above 

6. None 

The results of the poll are presented in Figure 1 and are further discussed below in light of the 

ǇŀǊǘƛŎƛǇŀƴǘǎΩ contributions. 

 

Figure 1. Which group of ecosystem services do you believe was most favoured by the 

ǇǊƻƧŜŎǘΩǎ actions? 

 

The distribution of responses in the poll clearly reflects the multifaceted impact of the LIFE 

ARCPROM project on ecosystem services in the intervention areas. Two response options received 

the highest percentage: άwŜƎǳƭŀǘƛƴƎκaŀƛƴǘŜƴŀƴŎŜέ (33%) and ά!ƭƭ of the above Ŝǉǳŀƭƭȅέ (33%), 

followed   by ά/ǳƭǘǳǊŀƭέ with   22%    and άtǊƻǾƛǎƛƻƴƛƴƎέ with    11%.    No    participants selected 

άbƻƴŜΣέ which confirms the generally positive assessment of the project's ecological and social 

contribution. 

The votes for the regulating/maintenance services were justified by several participants based 

on the role of the bear as an umbrella species. As one participant noted, ά²ƘŜƴ we try to protect 

the bear, we automatically improve other ecosystem functiƻƴǎΣέ since the species is both 

ecologically demanding and highly sensitive. The ǇǊƻƧŜŎǘΩǎ positive contribution to habitat 

enhancement (through actions such as electric fencing, ADUs, and conflict reduction) was 

considered crucial for broader ecological balance, particularly in areas where the presence of the 

bear remains stable but under pressure. 
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The option ά!ƭƭ of the above Ŝǉǳŀƭƭȅέ appears to reflect the ǇŀǊǘƛŎƛǇŀƴǘǎΩ awareness that many 

of the project's actions had cross-sectoral impacts, simultaneously strengthening multiple types 

of ecosystem services. For example, Action C10 on Bear Friendly products was cited as linking 

provisioning services (production) with the cultural identity of the area, along with indirect 

regulating benefits. The participation of local producers in the program was accompanied by 

expectations of economic benefit, and the reinforcement of entrepreneurship in mountainous and 

disadvantaged regions was viewed as a social counterweight to the broader depopulation of rural 

areas. 

Cultural services, which received 22% of responses, were associated not only with emerging 

ecotourism but also with the folkloric and historical memory of the bear as an element of rural 

identity. As one participant stated, άǘƘŜ bear never really ƭŜŦǘέ the park areas, and the project 

contributed to preserving and highlighting this cultural continuity through awareness campaigns, 

signage, and local empowerment initiatives. 

 

4.2.4. Continuation of Actions and Future Steps 
The discussion on the sustainability of LIFE !w/twhaΩǎ actions after the ǇǊƻƧŜŎǘΩǎ completion 

highlighted several critical issues, both regarding the preservation of ecological benefits and the 

continued engagement of local communities. 

Certain actions appear to have strong continuity potential. All interventions involving dogs τ 

whether Anti-poison Detection Units (C3), bear-deterrent dogs, or poisoned bait detection dogs 

τ were deemed highly successful, with proven operational impact and high demand from local 

communities for continuation. Similarly, the electric fencing action was effectively implemented, 

despite challenges in distribution and local adaptation, and was considered extremely useful by 

producers. Action C10 also demonstrated comparable momentum, being directly linked to local 

production and potentially expandable as a certification scheme. 

Action C7, involving bear-proof waste bins, received a more mixed evaluation. While its 

effectiveness as a deterrent for bearΩs presence in settlements was acknowledged, serious 

shortcomings in implementation were noted. Lack of coordination with municipalities, insufficient 

information sharing with responsible services, and absence of participatory planning led to poor 

placement and underuse of the bins by the local population. The measure is considered promising, 

but its sustainability depends on genuine collaboration with local authorities. 

The long-term viability of several actions was found to hinge on the operational capacity of 

management bodies and the existence of a stable intervention mechanism. Without this τ as 

seen in the more fragmented implementations of Actions C4 and C5 τ trust cannot be 

established, and the acceptance of the bear as part of the landscape remains fragile. 

The need to strengthen the role of social sciences in the design and implementation of 

conservation actions was also underscored. Engaging local communities cannot be achieved 

through surveys and formal briefings alone, but requires meaningful dialogue, reciprocity, and 

consistent field presence. Actions with clear operational impact and tangible benefits for local 

populations have a much greater chance of being sustained. In contrast, technically complex or 

low-visibility actions risk being abandoned unless they are integrated into robust institutions and 

permanent mechanisms. 
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4.3. Results from the Implementation Areas in Italy 
(Maiella National Park)  

This section presents the results of the in-depth interview with Giovanna Di Domenico, wildlife 

biologist and representative of Maiella National Park, and Antonio Pollutri, representative of WWF 

Italia, both of whom were actively involved in the implementation of the LIFE ARCPROM project 

actions in Italy. Due to time constraints, the WWF Italia representative responded to the interview 

questions in writing. The assessment focuses on the impact of the actions on ecosystem services, 

based on the MAES framework and the CICES classification. 

 

4.3.1. Ecosystem Services That Were Enhanced 
 

4.3.1.1. Provisioning Ecosystem Services 

The implementation of the LIFE ARCPROM project actions in Maiella National Park significantly 

enhanced provisioning ecosystem services, primarily through the creation and consolidation of 

the ά.ŜŀǊ CǊƛŜƴŘƭȅέ label, which was developed to improve coexistence between humans and 

bears. However, this label acquired a broader environmental and economic dimension, evolving 

into a more comprehensive framework for supporting sustainable local products and practices 

related to ecosystem enhancement. The importance of these actions was also emphasized by a 

representative of WWF Italia, who noted that the safe presence and establishment of the 

bear in the area is a key factor in improving the overall quality of the natural environment and the 

local agroforestry mosaic. 

Initially, the label was awarded to producers and beekeepers who actively participated in 

damage prevention actions against bears, particularly through the installation of electric fences. 

However, the label soon became a certification of environmental responsibility, expanding the 

eligibility criteria to include producers who, even if not in direct contact with bears, contributed 

indirectly to their survival by preserving natural habitats and local biodiversity. 

The main criteria included: 

1. Use of local seeds and varieties (especially in fruit and cereal cultivation). 

2. Adoption of organic or near-organic farming, with minimal chemical inputs. 

3. Small-scale operations, typically family-run. 

4. Preservation of traditional production practices. 

5. In some cases, maintenance of plant species that serve as bear food sources. 

The case of beekeeping is illustrative: in order to receive the label, a beekeeper had to breed 

the local Apis mellifera ligustica honeybee, thereby protecting the genetic purity and adaptability 

of the strain to the Maiella area. Additionally, they had to limit or eliminate the use of antibiotics 

and apply organic methods to control parasites. The introduction of the bear-friendly label also 

had direct economic benefits: it increased the selling value of the products and boosted their 

demand among tourists and local markets. 

In a second phase, the label began attracting professionals outside the agricultural sector, such 

as bakers, restaurant owners, and small agritourism businesses. This led to the creation of a 
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άŎƻƳƳǳƴƛǘȅ  of  ǇǊŀŎǘƛŎŜέ  in  which participants  shared  knowledge,  adopted  environmental 

standards, and took part in joint promotional activities. Although the label had clear 

environmental criteria, its success was not due to strict enforcement but to the sense that it was 

άǘƘŜƛǊǎέτa label that reflected a shared local identity. 

The combination of these practices increased the ŀǊŜŀΩǎ sustainable productive capacity, 

ensuring not only high-quality products but also a stable and adaptable agroecological model 

capable of coexisting with a large mammal like the bear. 

 

4.3.1.2. Regulating and Supporting Ecosystem Services 

LIFE ARCPROM in Maiella also significantly enhanced regulating and supporting ecosystem 

services, primarily through the broader adoption of environmentally friendly farming and land 

management practices. The ǇǊƻƧŜŎǘΩǎ actions led to a reconsideration of how local producers and 

professionals relate to their natural environment. 

The gradual integration of farmers who adopted organic and traditional techniques had 

positive effects on soil quality, the preservation of field structure, and the enhancement of insect 

populations, which play a crucial role in pollination and the ōŜŀǊΩǎ food chain. The fact that many 

of these activities were not directly linked to conflict prevention but had a long-term ecological 

character demonstrates ǘƘŜ ǇǊƻƧŜŎǘΩǎ deep influence on local environmental culture. 

Moreover, the presence of rapid intervention teams (similar to the Greek O.A.P. units) played 

a decisive role not only in preventing incidents but also in strengthening ecosystem resilience. 

Through direct response to cases of damage, trapping, or bear presence in inhabited areas, the 

following were achieved: 

1. Limitation of disturbances to the ōŜŀǊΩǎ natural cycle, 

2. Avoidance of administrative or lethal measures against the animals, 

3. Restoration  of  ǊŜǎƛŘŜƴǘǎΩ  relationship  with  the  natural  landscape  as  something 

manageable and safe. 

Finally, the project included environmental management actions such as the use of plastic-free 

materials, recyclable paper, and green public procurement for every communication activity. The 

value of these practices was not merely symbolic; as the biologist noted, they also functioned as 

tools for environmental education and for systematizing a άƎǊŜŜƴέ mindset within public 

administration. However, the WWF Italia representative noted that, although farming practices 

improved, observable improvements in indicators such as soil or water quality were not yet 

immediately evident during ǘƘŜ ǇǊƻƧŜŎǘΩǎ implementation. 

 

4.3.1.3. Cultural Ecosystem Services 

The most tangible and immediate impact of the LIFE ARCPROM project in Maiella was on 

cultural ecosystem services. As noted by the ǇŀǊƪΩǎ biologist, the project άŘƛŘ not only reach 

producers but the entire ŎƻƳƳǳƴƛǘȅΣέ strengthening the cultural relationship with the bear as a 

symbol of the region rather than as a threat. 

The ά.ŜŀǊ ¢ǊŀƛƭΣέ a thematic path designed and implemented in collaboration with the local 

municipality, was one of the most successful interventions. The trail, which passes through the 
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village and includes interpretation points, educational panels, and resting stations, served as a 

cultural link between residents, visitors, and the natural environment. Due to its success, the 

municipality decided to fund the creation of two additional trails using its own resources, thereby 

expanding ǘƘŜ ǇǊƻƧŜŎǘΩǎ cultural and educational impact. 

In addition to the Bear Trail, events were organized such as: 

1. Mountain festivals centered around the bear and coexistence, 

2. Excursions with special accommodations for people with disabilities, 

3. Workshops for children and schools, 

4. Creation of symbolic products, such as bear-themed ice cream. 

These actions were not tourist-oriented in the traditional sense; instead, they aimed to 

cultivate an experiential relationship with the landscape. The ōŜŀǊΩǎ presence became an integral 

part of the collective cultural narrative: ά!ǘ first we had to convince people that the bear ǿŀǎƴΩǘ 

dangerous τ in the end, we had to explain ƛǘ ǿŀǎƴΩǘ ŀ ǇŜǘΣέ the interviewee remarked. 

This success was also reflected in the reception of the Bear Friendly label in the tourism sector. 

Originally designed for producers, the label began to be sought after by mountain guides, 

ecotourism agencies, and accommodation owners. Tourists showed interest in experiences with 

an άŀǳǘƘŜƴǘƛŎƛǘȅ ǎŜŀƭΣέ and local professionals realized that environmental certification functions 

as a competitive advantage. 

The integration of products, trails, and activities under the Bear Friendly label allowed the 

creation of an άŜŎƻǘƻǳǊƛǎƳ ǿŜōέΥ a person could buy a local product bearing the label, walk the 

Bear Trail, take part in an awareness-raising event in the village square, and stay in bear-friendly 

accommodation. 

Above all, however, the most important contribution was the cultural transformation of the 

residents: from fear and hostility toward the bear, to a mature, realistic, and emotionally positive 

model of coexistence. The project achieved this not through coercion, but through synergies, 

dialogue, consistent on-the-ground presence, and genuine respect for the needs of local 

communities. 

 

4.3.2. Continuation of Actions and Future Steps 
The interviewee emphatically stressed that the continuation and expansion of the actions 

implemented under LIFE ARCPROM are already a priority for the Management Body of Maiella 

National Park. Certain interventions τ such as the electric fences for damage prevention τ have 

been established as permanent practices and are applied on a regular basis, regardless of funding 

availability. As she noted, άǿŜ now have some fences that are stable ς we go there every year, 

we clean and we check them, and ǘƘŜȅΩǊŜ now part of the ƭŀƴŘǎŎŀǇŜΦέ 

Regarding the Bear Friendly label, the Park has already designed the next phase of the 

certification process, aiming to strengthen its role as an institutional tool for rural development 

and for integrating environmental criteria into sectors beyond production τ such as food service, 

tourism, and education. At the same time, collaboration with WWF Italia and other protected 

areas in Italy is expected to continue, with the goal of creating a national άǳƳōǊŜƭƭŀέ Bear Friendly 

network. 

Efforts are also underway to continue operating the thematic trails and environmental 
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awareness activities by leveraging local resources and incorporating them into new funding 

frameworks. Furthermore, the need was emphasized for continued involvement of regional 

economic actors τ such as producers and tourism businesses τ in order to maintain the positive 

attitude of coexistence with the bear and to reinforce local commitment to conservation 

practices. 

Finally, the importance of transferring good practices to other parks in the country  was 

mentioned, especially in areas where the social conditions and cultural context are similar, with 

the ultimate goal of gradually expanding ǘƘŜ ǇǊƻƧŜŎǘΩǎ impact beyond Maiella. 
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5.   CONCLUSIONS AND OVERALL ASSESSMENT 
The implementation of the LIFE ARCPROM project in Greece and Italy offered a valuable field 

laboratory for brown bear conservation, humanςwildlife conflict management, and the 

enhancement of ecosystem services. Although national specificities shaped different strategies 

and targeted interventions, the comparative assessment of the results reveals common pillars of 

success: community engagement and the recognition of the bear as a component of local identity. 

Humanςbear conflict was not treated solely as a problem to be solved but also as a starting point 

for a deeper transformation in how local communities relate to nature and wildlife. 

In Greece, the project succeeded in deploying a network of actions that operated both 

preventively and symbolically to integrate the species into the landscape. Key interventions such 

as ADUs (C3), Rapid Response Teams (C5), livestock guarding dogs (C8), electric fencing (C7), and 

the Bear Friendly label (C10) had measurable impacts across regulating, provisioning, and cultural 

ecosystem services. 

The case of Maiella in Italy reflects a more mature integration of humanςbear coexistence into 

the local development model. The development of the Bear Friendly label transcended its original 

role as an agricultural certification and evolved into a lever for cultural change and community 

mobilization. Initiatives like the ά.ŜŀǊ ¢ǊŀƛƭΣέ the expansion of certification criteria, and the 

involvement of professionals beyond the agricultural sector (tourism, food services, education) 

offer best practices that τ as noted by a participant in the Greek focus group τ can be transferred 

and adapted to implementation strategies in Greece. 

The common thread in both countries was a cultural shift: from the bear as a source of conflict 

to the bear as a catalyst for reimagining relationships between people, nature, and local 

development. The interventions were not merely management tools but transformative 

instruments: they forged new narratives, activated social capital, and demonstrated that 

coexistence is possible when it is grounded not only in species biology but in human culture. 

From the perspective of ecosystem services, it is evident that the most substantial 

improvements occurred in the regulating and cultural categories. Preventive interventions (C3, 

C5, C7, C8) maintained habitat functionality, reduced the need for aggressive ecosystem 

interventions, and enhanced long-term ecological stability. Simultaneously, the cultural 

integration of the bear τ through the label, the Bear Trail, and community workshops τ created 

strong symbolic bonds between local populations and their environment. 

Provisioning services were more prominently enhanced in Greece through the activation of 

local production linked to the Bear Friendly label, despite being perceived as lower priority by 

focus group participants. This may be due to the indirect and temporally delayed nature of such 

benefits. However, the Maiella experience shows that, with systematic support and broadened 

eligibility criteria, such certification tools can evolve into robust institutions of local development. 

The sustainability of the interventions remains a critical point.  In Italy, the institutional 

integration of Bear Friendly as άǇŀǊǘ of the ƭŀƴŘǎŎŀǇŜέ and the self-financed continuation of 

electric fences constitute good practices. In Greece, some interventions τ particularly those with 

a tangible operational benefit for residents, such as guard dogs or fences τ appear more likely to 

be sustained. Others (such as waste bin management or the integration of social sciences)  show 

more limited sustainability and require restructuring and stronger institutional support. 

Ultimately, the project's most vital message is not about technical fixes but about the strategic 
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transformation of relationships. Humanςbear conflict is not a problem to eliminate but a trigger 

for redefining social, productive, and cultural structures. The bear is neither a domestic pet nor a 

threat to be eradicated. It is a wild species of high ecological value, whose coexistence with 

humans requires realistic, scientifically grounded management. Bears are ecosystem indicators 

and τ as the Maiella experience demonstrates τ can become symbols of local pride. 

Cooperation between two countries that share many ecological and cultural characteristics, 

the exchange of best practices, and the institutional consolidation of tools like the Bear Friendly 

label and Rapid Response Teams represent important next steps. At the same time, greater 

involvement of social sciences, the strengthening of dialogue institutions, and the ongoing 

support τ and especially the recognition τ of local community contributions are essential 

moving forward. 
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