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Ukraine's forest sector is facing stressful conditions that include 

confronting climate change, damage caused by the war, and institutional 
reforms. Climate change caused more frequent forest fires, pest outbreaks, 
and other natural disturbances, while Russia's military aggression against 
Ukraine caused significant damage to forests, which will have long-term 
effects. In addition to these challenges, Ukraine's forest sector also faces a 
problem of shrinking numbers of qualified professionals in forestry due to 
mobilization into the army and structural instability during the reforms. 
Such unfavorable conditions significantly weaken the ability to transfer 
new knowledge to foresters, which deepens gaps in forestry management 
approaches on the path to sustainable management and European 
integration of Ukraine. 

The State Forest Management Strategy of Ukraine until 2035 
provides for changes in the rules for forestry activities aimed at nature-
friendly forestry methods and the gradual replacement of clear-cutting 
(Decree of the Cabinet of Ministers of Ukraine No. 1777-r of 
December 29, 2021). One aspect of implementing this strategy is to spread 
and integrate Closer-to-Nature Forest Management (CNFM) approaches in 
Ukrainian forestry. CNFM is a concept proposed in the EU Forest Strategy 
for 2030, which aims to improve the conservation values and climate 
resilience of multifunctional, managed forests in Europe. Building on the 
latest scientific evidence, this report proposes a definition of the concept, a 
set of seven guiding principles, and a framework/checklist for flexible 
European-wide implementation [1]. 
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expected for mountain hares from the Ukraine or many other parts Europe. 
We based our individual genotype analyses on georeferenced samples for a 
first spatial model of gene pool differentiation in the Ukraine (using 
Geneland) and used STRUCTURE to identify mountain hare-typical gene 
pool portions in individual brown hares. We also tested for spatial 
differences of mountain hare-typical gene pool portions, expecting higher 
levels in the north of the Ukraine, the region of current sympatry with 
mountain hares. 

We found 101 alleles at the eleven studied loci (Sat 2, 8, 12, Sol 8, 
28, 30, 33, Lsa 1, 2, 6, 8), with a mean number of alleles per locus of 
9,182, an overall observed and expected heterozygosity of 0,577 and 
0,665, respectively. One (0,0267 %) of all pairwise comparison of 
composite individual genotypes revealed identity, which indicated a very 
high level of individual genotypic resolution. No deviation from linkage 
disequilibrium was observed but the significant deviation from the Hardy-
Weinberg equilibrium and Fis values significantly above zero for several 
loci indicated some spatial structuring (Wahlund effect) rather than (local) 
inbreeding. The relative and absolute genetic differentiation between the 
Ukrainian brown hares and the Norwegian mountain hare samples (FST 
=0,174; p<0,001; and d=0,217 p<0,0001; Cavalli-Sforza & Edwards 
distance, Genetix) as well as the first three factors of our factorial 
correspondence analysis indicated significantly distinct gene pools for the 
brown and mountain hares studied, despite many alleles in common. The 
unambiguous genetic distinction of the two species as represented by our 
samples was also confirmed by Bayesian assignment analysis of each 
individual to either the brown hares or the mountain hares, according to 
their respective composite genotypes: our Bayesian approach of individual 
assignment and Monte-Carlo resampling implemented in GeneClass 2.0.h. 
resulted in 100 % correct classifications, i.e., all individuals were assigned 
to the species to which they were originally assigned phenotypically 
without genetic data.  

Unexpectedly, our STRUCTURE analysis revealed that basically all 
individuals show signals of mountain hare-typical gene pool characteristics 
at variable degrees, but without distinct spatial distribution pattern (Fig. 1).  
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Fig. 1. Example of a STRUCTURE run for K=4, admixture 

model without population priors. The three rightmost individuals are 
the three Norwegian mountain hares, and all other individuals are 
Ukrainian brown hares, with variable portions of mountain hare-
typical gene pool portions (i.e., blue-coloured segments).  

 
Our Geneland modeling revealed a significant genetic partitioning 

into five populations (Fig. 2). 
 

 
 

Fig. 2. Spatial model of genetic differentiation of brown hares in 
the Ukraine (according to Geneland). Black dots are sample locations.  
 

In conclusion, our population genetic results revealed relatively high 
genetic diversity in the brown hares from the territory of the Ukraine with 
significant spatial partitioning into five populations with only little but 
significant differentiation. This pattern of genetic partitioning may be due 
to the combination of the presence of different autochthonous Late 
Pleistocene gene pool units and gene flow from different late glacial 
source populations west, east, and south of the Black Sea. Some elements 
of gene pool diversity have seemingly been added by long-term historical 
introgression by historically sympatric mountain hares.  
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