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VIEW FROM THE TROPICS: GLOBAL REDISTRIBUTION AND 
MODIFICATION OF FORESTS UNDERMINES THEIR GLOBAL VALUE FOR 

CLIMATE MITIGATION AND SAVING SPECIES 
 

Robin L. Chazdon 
 

Department of Ecology and Evolutionary Biology, University of Connecticut, Storrs, Connecticut 06269, USA 
Tropical Forests and People Research Center, University of the Sunshine Coast, Maroochydore, Queensland, 

Australia 

 
Tropical old-growth forests represent globally important storehouses of carbon and 
biodiversity. Tropical regions comprise 48% of the global intact forest landscape (IFL) 
area. Despite their exceptional values, intact tropical forests are being lost at a rate 
higher than forests in other regions. Sixty percent of the total reduction of global IFL 
area from 2000–2013 occurred in tropical regions. Net loss of tree cover in the tropics 
continues despite net gains of tree cover in subtropical, temperate and boreal zones, 
indicating a global redistribution of tree cover from 1982–2016. Forest degradation 
and deforestation in the tropics from 2003–2014 transformed tropical forest from a 
global carbon sink to a global carbon source. The global redistribution of forests and 
shift of tropical forest areas from intact to human-modified has serious consequences 
for carbon storage and biodiversity conservation at a planetary scale. Apart from direct 
losses of biodiversity and carbon stocks, unsustainable harvesting and uncontrolled 
fragmentation in tropical forest regions increases the likelihood of fire and clearance 
for long-term agricultural use. Conservation actions alone are not effective, long-term 
solutions to reverse these trends. Integrated forest and landscape restoration 
approaches are also urgently needed to prevent further catastrophic losses, regain 
forest integrity, and create alternative supply chains for forest products and services.  
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OLD-GROWTH FOREST ECOLOGY AND CONSERVATION: THE 
FUNDAMENTALS 

 
Malcolm L. Hunter, Jr. 

 
Department of Wildlife, Fisheries, and Conservation Biology, University of Maine, Orono, Maine 04469-5755, 

USA 

 
Simple questions — such as, what is old-growth? why is it important? – can have 
complicated answers. In particular, a generic definition of old-growth i.e., forests that 
are relatively old and undisturbed by human activities — usually needs to be refined 
for different applications using specific parameters based on local ecology and forest 
use history. This is a challenging and arbitrary exercise because relevant parameters 
generally occur along a continuum without clear thresholds; for example, a 101-year 
old forest is not profoundly different from a 99-year old forest. Similarly, a diverse 
complex of values characterizes forests, and most of them reach their highest 
expression in old growth. Nevertheless, two stand out. First, old-growth forests are 
essential reference points for understanding the dynamics of disturbance and 
succession that underpin ecological forestry. Second, their vast accumulation of 
organic matter, both dead and alive, represents habitat for myriad species, some 
uniquely tied to old growth. Addressing these issues is a conservation priority because 
old-growth forests are rare and essentially irreplaceable in most landscapes.  

 
 
 

 

 

 

 

 

 

 

 

 



              

 

The conference supported by:  and  

POLICY FAILS TO ADDRESS NET LOSS OF FUNCTIONALITY IN GLOBAL 
FORESTS 

 
Pierre L. Ibisch1*, Jeanette S. Blumroeder2, Peter R. Hobson3, Stefan Kreft2 

 
1Faculty of Forest and Environment, Eberswalde University for Sustainable Development, Alfred Möller Straße 

1, 16225 Eberswalde, Germany; Pierre.Ibisch@hnee.de 

2Centre for Econics and Ecosystem Management, Eberswalde University for Sustainable Development, Alfred 
Möller Straße 1, 16225 Eberswalde, Germany 

3School of Sustainable Environments; Writtle University College; Lordship Road, Writtle, Essex CM1 3RR, 
United Kingdom 

 
Policies across all scales of governance fail to prevent net loss of forest ecosystem 
functionality. The failure of the United Nations to adopt a Forest Convention has 
produced a major gap in global environmental policy. Existing international 
frameworks such as CBD and UNFCCC offer inadequate protection for forests. A 
combination of several factors, including conflicting land use, policies promoting 
renewable energy, and overwhelming economic interests have contributed to weak 
forest legislation and policies, allowing for ongoing degradation, fragmentation and 
loss of forests. Impacts of climate change, which are unaddressed by forest policy 
further worsen the scenarios. The lack of fundamental scientific principles 
underscoring legislation and policy becomes manifest in the vague language used to 
frame management. Forest industry has been largely relieved of the burden of proof 
for the impacts of forestry practices on ecosystem functionality. Instead, 
conservationists are expected to demonstrate the (in)adequacy of measures. Global 
reporting on the achievement of forest-related targets applies misleading metrics, e.g., 
related to simplistic parameters such as ‘forest area’ or ‘forests under certification’. 
Decision-makers delegate their responsibility for steering responsible consumption to 
market-based, voluntary certification systems. Ineffective certification regimes, often 
endorsed by major conservation NGOs, imply the risk of greenwashing unsustainable 
exploitation of forest ecosystems and associated loss of biodiversity. They could even 
act as a ‘societal narcotic’ that prevents a critical questioning of consumption patterns. 
The failure of regulations and the lack of effective voluntary schemes to conserve 
functional forest ecosystems prompt the call for an ecosystem-based advocacy for 
functional forests. 
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KEY ISSUES ASSOCIATED WITH MULTIPLE INTERACTING 
DISTURBANCES IN NATURAL FORESTS 

 
David B. Lindenmayer 

 
Fenner School of Environment and Society, The Australian National University, Canberra, ACT 2601, Australia 

 
Forests globally are increasingly subject to major natural disturbances such as 
wildfires, windstorms and insect attacks. They are also increasingly subject to human 
disturbances such as logging. Human and natural disturbances can interact in a number 
of key ways. In some cases, logging can make forests more prone to subsequent 
disturbances. For example, work in temperate forests and in tropical forests, has shown 
that logging makes forests more prone to fire. In large parts of southern Australia, 
logging can result in forests being at risk of subsequent high-severity fire. In another 
cases, natural disturbance and human disturbance interact through post-disturbance 
(salvage) logging operations. That is, logging operations occur after natural 
disturbance, to recover some of the economic value of forests, primarily the value of 
timber and pulpwood. There is increasing recognition that multiple interacting 
disturbances can have profound impacts on forests with a wide range of studies of 
plant, invertebrate and vertebrate groups indicating significant responses to what are 
often novel kinds of multiple disturbances. The impacts of such interacting natural and 
human disturbances occur at multiple spatial scales – from stands to landscapes. They 
also can occur over multiple temporal scales and may even trigger substantially 
elevated risks of ecosystem collapse where forest ecosystems are shifted into an 
entirely different state.  
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FOREST MANAGEMENT IN A CHANGING WORLD 
 

William J. Sutherland 
 

Department of Zoology, University of Cambridge, David Attenborough Building, Downing Street,  
Cambridge CB2 3EJ, UK 

 

I have three objectives in this talk. Firstly, I will consider how research and trials have 
changed attitudes to land use, especially in the UK, with different appreciation of 
successional habitats and how this may affect approaches to forest management. 
Secondly, I will consider the challenges of forest management in a world of increasing 
technology, climate change, an increasing diversity of forest diseases and pests, the 
changing expectations of role of the natural world and the challenges of delivering 
multiple services. Finally, I will consider the importance of incorporating evidence 
within decision making, describe ways of making such evidence collation more cost 
effective and show how such evidence can be used in policy creation. 
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LAND-SPARING OR LAND-SHARING FOR FUNCTIONAL GREEN 
INFRASTRUCTURE? A MULTI-SCALE PERSPECTIVE ON THE BIAŁOWIEŻA 

FOREST 
 

Per Angelstam 
 

School for Forest Management, Swedish University of Agricultural Sciences, PO Box 43, SE 73921 
Skinnskatteberg, Sweden; per.angelstam@slu.se 

 

Achieving sustainable development as an inclusive societal process, which results in 
sustainability in real-world landscapes, form two groups of wicked problems. 
Intensification of land use under the auspices of bio-economy is a major threat to 
functional habitat networks as a green infrastructure on the European continent. To 
support knowledge production and learning, an integrated place-based landscape 
approach towards research and innovation that can maintain representative ecosystems 
with their biodiversity (species, habitats and processes) is urgently needed. The 
European diversity of landscape histories, land ownership, legacies of 
governance/government, cultural meanings and socio-economic situations call for 
regionally adapted solution to biodiversity conservation and sustainable use of 
ecosystem services.  
A key challenge is to determine the effectiveness of different ideologies for achieving 
multifunctional landscapes. One dichotomy is between land sharing, which combines 
wood/fibre/biomass/food commodities with biodiversity conservation across entire 
landscapes; and land sparing, in which intensive land use is segregated from multiple-
use and protected area networks as functional green infrastructure. 
This presentation explores those two ideologies at three spatial scales: [1] the 
Białowieża forest in NE Poland, [2] the archipelago of forest patch remnants at the 
European Union’s eastern border, and [3] regions with different landscape histories in 
the Baltic Sea region. The conclusion is that land-sparing need to be strengthened. 
 
[1] Roberge J.-M., Angelstam P., Villard M.-A. 2008. Specialised woodpeckers and naturalness in 
hemiboreal forests – Deriving quantitative targets for conservation planning. Biological Conservation 
141: 997-1012. 
[2] Angelstam P., Khaulyak O., Yamelynets T., Mozgeris G., Naumov V., Chmielewski T.J., 
Elbakidze M., Manton M., Prots B., Valasiuk S. 2017. Green infrastructure development at European 
Union’s eastern border: Effects of road infrastructure and forest habitat loss. Journal of Environmental 
Management 193: 300-311. 
[3] Angelstam P., Naumov V., Elbakidze M., Manton M., Priednieks J., Rendenieks Z. 2018. Wood 
production and biodiversity conservation are rival forestry objectives in Europe’s Baltic Sea Region. 
Ecosphere 9,3: e02119. 
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INFLUENCE OF FOREST MANAGEMENT ON DIVERSITY AND STRUCTURE 
OF RAVINE FORESTS 

 
Jakub Baran*, Remigiusz Pielech, Jan Bodziarczyk 

 
Department of Forest Biodiversity, Faculty of Forestry, University of Agriculture in Krakow, 29 Listopada 46, 

31-425 Kraków, Poland; baran.jakub84@gmail.com 

 

Ravine forests [RF] are examples of unique forest communities, they occupy harsh 
habitats – steep northern slopes, covered by rubble. RF are of high ecological value 
and should be excluded from forest management. Nonetheless, some patches of RF are 
still subject to low-intensity management. We examined the effect of these 
management practices on vascular plant diversity and stand structure. 
For comparisons of plant diversity, we used data from the Forest Database of Southern 
Poland. The vegetation dataset of Carpathian RF included 83 plots localized within 
protected areas and 132 plots from managed forests. Stand structure analyses were 
based on five plots sampled on Kraków–Częstochowa Upland. 
The comparison of species composition and richness between managed and protected 
forests showed no differences at plot level and accumulative species richness, with no 
differences in diversity indices between protected and managed forests. A comparison 
of ruderal and open habitat species, ancient forest indicator species and alien species 
revealed no differences. Significant differences related to evenness and shrub cover. 
The collation of structural characteristics between managed and protected forest stands 
revealed simplification of complex stand structure due to management practices. 
Density of living trees was higher and coarse woody debris was scant in managed 
forests. Protected stands were characterised by uprooted and broken trees, with tree 
stumps common in managed forests. 
Studies of floristic composition showed no impact of management on RF, detailed 
analyses of structural characteristics showed clear differences in importance for 
biodiversity. Even low intensity forest management has a potential effect on 
biodiversity. Both compositional and structural characteristics should be included in 
comprehensive comparisons. 
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SILVICULTURE FOR OLD-GROWTH ATTRIBUTES IN MIXED-SPECIES 
DECIDUOUS FORESTS 

 
Leszek Bartkowicz, Jarosław Paluch* 

 
Institute of Forest Ecology and Silviculture, University of Agriculture in Krakow, 29 Listopada 46, 31-425 

Kraków, Poland; jaroslaw.paluch@urk.edu.pl 

 

In managed forest ecosystems the protection of biodiversity should integrate different 
instruments including non-intervention areas, set-aside areas, old-growth patches and 
habitat trees. Nevertheless, commonly applied management systems involving 
relatively short regeneration periods or clear felling produce simplified stand structures 
and lead to a shortage and strong fragmentation of patches with several canopy layers, 
significant variation in species composition and tree size, and irregular gap size and 
distribution.  
Deciduous forests representing the alliances Carpinion betuli and Alno-Padion are 
among the most complex forest ecosytems in Europe and well-preserved patches of 
them are included in the Natura 2000 ecological network of protected areas. In 
managed forests representing these communities the conservation of old-growth 
attributes and building networks of old-growth patches may be accomplished by 
means of appropriate silvicultural practices. The recent studies suggest that the 
maintenance of species diversity in such forests may not require application of 
management systems based on extensive canopy openings and that trees of light 
adapted or mid-tolerant species may successfully survive in heterogeneous canopies in 
the neighborhoods of species with higher light requirements. This indicates that a 
plausible alternative for commonly used management forms are patch selection 
cuttings combined with irregular multi-cohort harvests which due to variable harvest 
regime have a greater potential to reconcile tree species’ different life strategies while 
also safeguarding the network of old-growth patches. 
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FACTORS INFLUENCING THE FUNCTIONAL AND PHYLOGENETIC 
DIVERSITY OF BIRD COMMUNITIES IN FOREST PATCHES 

 
Michał Bełcik*, Piotr Skórka 

 
Institute of Nature Conservation, Polish Academy of Sciences, Mickiewicza 33, 31-120 Kraków, Poland; 

belcik@iop.krakow.pl 

 

The assemblages of birds inhabiting forest habitats (including single patches of forest 
in the farmland) have been a subject of research for a long time. However, there are 
few studies addressing how the diversity of bird communities, both at the species, 
phylogenetic and functional level, changes with the change of stand parameters, and 
what are the differences in the response between these different measures of diversity. 
The aim of our project was to examine how the measures of functional and 
phylogenetic diversity of bird communities in forest patches depend on the parameters 
of the stand, and how these measures can change with the change in the isolation of 
these patches. To answer that question, in 2017-2018, 163 forest stands located in the 
northern part of Małopolska were inspected. They were mostly single forest stands 
arranged in a rural landscape, differing in their parameters (such as age, height, 
dominant species and its share, etc.), and isolation from other forest patches. For each 
bird community inhabiting a given patch, measures of phylogenetic and functional 
diversity were calculated. The communities were analyzed both as a whole and after 
dividing the species living in a given patch into three groups (farmland species, 
woodland species and other species). As expected, different measures of diversity 
reacted in a different way to changing the values of parameters describing stand 
features and its isolation. One of the factors having the greatest impact on the species 
and functional diversity was the age of the stand. Our research helps to understand the 
importance of individual patches of forest habitats in the farmland for the preservation 
of biodiversity. 

 

 

 

 

 

 

 



              

 

The conference supported by:  and  

THE ANALYSIS OF THE WIND AND BARK BEETLE CAUSED 
DISTURBANCES IN AREAS WITH NON-INTERVENTION REGIME AND 

THEIR SURROUNDINGS IN SLOVAKIA 
 

Miroslav Blaženec1, Mária Potterf1, Rastislav Jakuš1,*, Pavel Mezei1, Peter Baláž2 

 
1Institute of Forest Ecology, Ľ. Štúra 2, 960 53 Zvolen, Slovakia; rasti.jakus@gmail.com 

2State Nature Conservancy of the Slovak Republic, Tajovského 28B, 974 09 Banská Bystrica, Slovakia 
 

After several major destructing winds, extremely warm and dry years, followed by an 
increased activity of bark beetles we are witnesses of the progressive decline of spruce 
forests in Slovakia (CE region). One of the basic assumptions of the successful 
suppression of bark beetles is the removal of infected trees before the swarming and 
the further spreading of the bark beetles. After that this method is not effective and 
leads to large deforested areas without adult trees. In strictly protected areas (PA) with 
restricted forest management, these activities are prohibited. 
We analysed 117 PA with a non-intervention regime and non-overlapping buffers in 
surroundings of them which were created at a distance of 100, 500, 1000 and 2000 m. 
The PA were selected according to following criteria: i) forest stands with more than 
50% of Norway spruce at the age higher than 50 years, ii) at least 5% of PA were 
forest meeting the previous condition. The analyses were performed on time series of 
LANDSAT images (2006-2017) reclassified to defoliation [1]. The defoliation over 
60% represents heavily damaged stands, calamity areas or harvesting.  
The results showed that: i) The spruce forest mortality is increasing with the distance 
from the protected area. If, however, the reason for the spruce stands mortality in the 
vicinity of PA should be the non-intervention regime, the highest decline of stands due 
to bark beetles pressure and sanitary cutting should be observed to 500m from the 
boundary. ii) From the analysed 117 PA, the start of the spruce decline occurred 
outside the PA in 72 cases, which are almost two thirds of cases. Only in 9 cases was 
the beginning of the spruce mortality in the PA. For the remaining 36 ones, the start of 
the dieback cannot be reliably determined from the available data. 
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THE ECOLOGICAL EFFECTIVENESS OF FSC-CERTIFICATION IN THE 
BOREAL FOREST OF THE ARKHANGELSK REGION IN THE RUSSIAN 

FEDERATION 
 

Jeanette Silvin Blumroeder1,*, Peter R. Hobson2, Susanne Winter3,  
Natal’ya V. Burova4, Pierre L. Ibisch1 
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CM1 3RR 01245 424200, UK 
3WWF Germany, Reinhardtstr. 18, 10117 Berlin, Germany 

4Northern Arctic Federal University of М.V. Lomonosov, Severnaya Dvina Emb. 17, Arkhangelsk, 163002 
Russia  

 

The Forest Stewardship Council (FSC) is a voluntary sustainability standard for 
responsible forest management. We applied the ECOSEFFECT approach to a case 
study in the Arkhangelsk Region of the Russia Federation to assess the effectiveness 
of the Russian National FSC standard in safeguarding the ecological integrity of boreal 
forests. The theoretical plausibility analysis showed that FSC has a certain potential to 
reduce anthropogenic threats to the ecosystem, such as large-scale deforestation and 
forest degradation, logging in High Conservation Value Forests, and large size of 
clearcuts. Geospatial analyses and field measurements were conducted comparing 
typical FSC-certified and non-certified clearcuts as well as primary reference forest. 
We assessed 95 variables relating to five indicators (living tree biomass, deadwood, 
rejuvenation, vegetation, and microclimate regulation). Very few variables showed 
substantial differences between FSC-certified and conventional forest operations. 
Equally high amounts timber were harvested and extracted in large-scale geometric 
clearcuts (up to 50 ha), generating significant structural and functional ecological 
changes in the forest ecosystem. FSC-certified forestry contributes to the ongoing loss 
of primary forests in the remaining Intact Forest Landscapes and does not seem to 
slow down the loss of ecosystem functionality. Actually, the large-scale clearcuts do 
not resemble any comparable natural disturbance regime and produce risky ecological 
changes related to micro- and mesoclimate. Our data show substantial upheating of the 
large clearcuts and the loss of ecosystemic buffering capacity, being highly relevant in 
the context of vulnerability to climate change. 
 

 

 



              

 

The conference supported by:  and  

HOW GOOD IS NATURA FOR THE FOREST NATURE? 
 

Andrzej Bobiec 
 

Faculty of Biology and Agriculture, University of Rzeszów, Ćwiklińskiej 1a, 35-601 Rzeszów, Poland; 
a_bobiec@ur.edu.pl 

 

The Natura 2000 network (N2K), mandatory for all EU Member States, is a 
prerequisite to the EU membership for any new candidate country. New EU accessions 
should be anticipated with national proposals of Special Protection Areas and Special 
Areas of Conservation, meeting the Natura 2000 criteria. Besides unprotected areas 
being proposed for N2K, a common practice of candidate countries is to include the 
areas already covered by national protective designations, such as national parks. 
The identification of the Community importance, reveal a strong affinity to the 
phytosociological approach and to the concept of Potential Natural Vegetation (PNV) 
from mid 1900s. However, both are challenged on the basis of theoretical issues and 
empirical evidence. Although phytosociology provides a comprehensible and robust 
methodological platform, with little attention to the vegetation history and dynamics, it 
may lead to considerable ecological misinterpretations. The PNV is firmly based on 
the baseline of the present environmental conditions and trends, ignoring the fact that 
both have been continuously changing. 
Considering conservation urgencies, demanding immediate corrective measures, it is 
often very difficult, unless impossible, to provide undeniable, scientifically sound 
evidence of a causal relation between alleged pressures and apparent biological losses 
pertaining to species of Community interest. In the same time, the phytosociological 
surveys may convincingly substantiate interventions. Such measures, however, aimed 
to restore and preserve ‘catalogue habitats’, may be detrimental to natural ecosystem’s 
properties and functions. 
The cases of the Białowieża Forest and of silvipastural oak woods in Przemyska 
Natura 2000 sites support the discussed caveats pertaining to N2K implementation in 
woodland ecosystems. 
ACKNOWLEDGEMENTS. Financial support was received through the project ‘Oak woods in rural 
landscapes of the Carpathian region: origin, dynamics and conservation values’, financed by the 
National Science Centre, Poland, following the decision DEC-2013/11/B/NZ9/00793 
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POST-DISTURBANCE SALVAGE LOGGING IN BIODIVERSITY HOT-SPOT: 
BIAŁOWIEŻA FOREST AS A CASE STUDY 

 
Adam Bohdan1,2,*, Marta R. Grundland3, Michał Kolbusz4, Michał Książek4, 

Augustyn Mikos4, Jakub Rok4,5, Andrzej Szkodzin3 
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We present the results of civil control of intensive salvage logging which was 
performed in Bialowieża Forest (BF) in 2017. The data collected in field were 
supplemented with information from the Forest Holding and satellite images. We 
assessed the impact of harvesting operations on key species and habitat of BF and 
evaluated violation of the regulations in force (Natura 2000, UNESCO). 
In 2017 timber extraction in BF reached extreme level of 190 000 m3. The logging 
violated several regulations binding in BF. Crucial regulation in Protective Tasks for 
the Natura 2000 area is conservation of 100 yo tree stands while most of biomass was 
harvested from 100 yo stands, including protected oak-hornbeam habitat. Timber 
extraction violated management regimes for UNESCO Site. 53% of the timber was 
extracted in the 3rd UNESCO zone which shall be excluded from logging.  
Logging caused habitats deterioration of saproxylic invertebrates listed in Habitat 
Directive: over 90% of timber removed had features preferred by the protected beetles. 
Salvaging reduced the amount of dead wood (preferred by mentioned beetles) by 8% 
in managed part of the BF. The logging affected breeding territories of birds listed in 
Birds Directive: Pygmy Owl (52% of territories), Boreal Owl (43%) but also 
threatened woodpeckers. Salvaging affected protected epiphytic mosses and lichens 
classified as an old growth forest indicators. 
The study shows that salvage logging in BF, being hot-spot of forest biodiversity, was 
performed with high environmental costs – it directly impacted threatened species and 
habitats and violated several regulations. Post-disturbance strategies applied in 
silviculture (i.e. salvaging) stay in conflict with biodiversity conservation.  
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FOREST FIRE AND BIOLOGICAL DIVERSITY 
 

Zbigniew Borowski1,*, Dorota Dobrowolska1, Radosław Plewa1, Radosław 
Gawryś1, Wojciech Gil1, Przemysław Chylarecki2, Karol Zub3 

 
1Department of Forest Ecology, Forest Research Institute, Braci Leśnej 3, Sękocin Stary, 05-090 Raszyn, 

Poland; z.borowski@ibles.waw.pl 
2Museum & Institute of Zoology, Polish Academy of Sciences, Wilcza 64, 00-679 Warszawa, Poland 

3Mammal Research Institute, Polish Academy of Sciences, Stoczek 1, 17-230 Białowieża, Poland 
 

Fire is one of natural disturbances which has a major impact on the structure and 
function of many terrestrial ecosystems, including forests. In Central Europe forest 
managers treat fire as a major threat and try to avoid it, in consequence this natural 
disturbance is highly controlled. Herein, we started to monitor natural processes in 
pine-dominated forest burnt in 2014 in central Poland. During three consecutive years 
(2015-2017) we monitored forest regeneration and alpha diversity of selected 
taxonomic groups: bird species, small mammals, saproxylic beetles and herbaceous 
vegetation on both burnt and unburned forest areas.  
The natural regeneration on burnt area was dominated by two tree species: silver birch 
and Scots pine. In forest stands damaged by fire the number of natural regeneration 
was at least three times higher than in unburned ones. In case of bird species 
community we observed differences in avian community in burnt vs unburned forests. 
In burnt areas lower avian alpha diversity was detected with two dominant species: 
woodlark and redstart. Studies on saproxylic beetles have shown that burnt forests 
differ in the species composition from those not affected by fire and are characterized 
by higher species’ richness. Small mammal community in burnt forests proved to be 
more diverse (yet dominated by wood mouse) and more numerous compared to 
unburned stands. Herbaceous vegetation observed on areas damaged by fire differ 
from unburned ones, we detected/ observed presence of meadow species and higher 
share of segetal species.  
To summarize our study has a valuable contribution to understanding the role of forest 
fires in shaping biodiversity of Central European pine forests. 
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HOW NATURAL IS BROAD-LEAVED WOODLAND AFTER 100 YEARS OF 
STRICT PROTECTION? CASE STUDY OF MORICSALA, LATVIA 

 
Guntis Brumelis*, Līga Strazdiņa, Ilze Liepiņa (Kokarēviča) 

 
Faculty of Biology, University of Latvia, Jelgavas iela 1, Riga LV1004, Latvia; guntis.brumelis@lu.lv 

 

The Strict Nature Reserve Moricsala (an island in Usmas ezers) was founded in 1912 
on the initiative of the botanist Karl Reinhold Kupffer, who considered the area to 
represent the best broad-leaved woodland in the Eastern Baltic region. The island is 
now covered almost entirely by forest dominated by Quercus robur and Tilia cordata 
on sandy soils. However, 30% of the area was used as pasture or hay fields, and dead 
wood had been removed. In the next years, the vegetation of island was described 
within vegetation types and in plots. Resurvey of the vegetation was conducted in 
recent years.  
The alpha diversity of bryophytes increased (richness from 110 to 134 species) while 
beta diversity increased. Colonisations and extinctions of bryophyte species and life 
forms were explained by increased availability of substrates (living trees, dead wood, 
ground layer disturbance patches) and increased shading. Bryophyte species with life 
forms like small compact cushions and short turfs tended to be lost, while those with 
smooth and rough mat life forms were better adapted to the new conditions and 
increased in richness.  
Plant community composition of the herb layer differed between Q. robur and pioneer 
tree species stands and tended to persist over 100 years, but turnover of species did 
occur, with a decrease of species typical of open habitats and replacement by species 
typical of temperate deciduous forest plant communities. In the past, Q. robur had 
likely established in open habitats created by agricultural land use, but is presently not 
regenerating in the understory. 14C dating of charcoal (identified as pine) in soil under 
Q. robur was estimated at 250 and 350 years ago. Considering traditional management 
forms at the time, it is likely that the present broad-leaved forest developed after a 
slash and burn history.  
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TRAIT-BASED MECHANISMS OF UNDERSTORY FINE-SCALE SPECIES 
PERSISTENCE IN TILIO-CARPINETUM STANDS OF THE BIAŁOWIEŻA 

FOREST UNDER DIFFERENT MANAGEMENT REGIMES 
 

Cecilia Cacciatori1,*, Stefano Chelli1, Enrico Simonetti1, Piotr Klub2, Giandiego 
Campetella1, Roberto Canullo1, Andrzej Bobiec2 
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Camerino, Via Pontoni 5, 63032 Camerino, Italy; cecilia.cacciatori@unicam.it 
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Plant communities are characterized by continuous fine-scale dynamics, and trait-
based approaches can help us explore ecological mechanisms behind such dynamics. 
The issue of species persistence is of crucial importance to understand the complexity 
of vegetation dynamics in forest ecosystems and to predict future shifts in species 
composition and functional relationships of understory communities as a result of 
climate changes and management activities. 
This study aims at exploring which functional traits are correlated with the fine-scale 
species persistence in the understory of Tilio-Carpinteum stands of the Białowieża 
Forest along a timespan of twenty years. The vegetation surveys were performed both 
in and outside the Białowieża National Park, in ten 20x10 m plots representing three 
types of management regimes: (1) long-lasting preservation of natural forest, (2) 
preservation of pioneering stands spontaneously emerged on the abandoned clearcuts, 
(3) growth of planted stands. The sampled stands were subject to four surveys over the 
period 1997−2018. Each plot was divided into 200 pixels 1x1 m, for each of which 
abundance of vascular plant species, pH of the uppermost soil layer and the canopy 
influence index were calculated. 
We selected a set of above- and belowground traits (e.g. specific leaf area, seed mass, 
clonal traits) reflecting different plant functions and we assigned to each species the 
relative attributes. Conditional inference trees were used to evaluate if specific traits 
are correlated with patterns of species persistence at a fine scale and if such 
correlations change across different site conditions depending on the degree of 
management. The results of this study will help us assess the effects of different 
management regimes on trait-based mechanisms of species persistence in the 
understory layer. 
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Forests represent the most diverse and complex ecosystems hosting high levels of 
terrestrial biodiversity, providing needful ecosystem services for human well-being. 
As an important global attack is pressing this crucial patrimony with an alarming rate, 
we need an efficient and operative tool to monitor both their conservation and dynamic 
status. In fact, non-equilibrium ecological paradigm considers plant community as a 
complex dissipative system, which calls for a methodology with explicit representation 
of spatio-temporal patterns.  
The information theory models of Juhász-Nagy offer an appropriate tool for describing 
the relationship between diversity and multispecies spatial dependence in vegetation.  
We used information theory models for analyses which represent complex community 
patterns (beta diversity of species combinations and species associations) as a function 
of spatial resolution. We present some results obtained using this methodology with 
field data from different vegetation contexts and in particular from the forest of 
Białowieża National Park (Poland). In particular, we compared the herb layer spatial 
patterns of dynamically contiguous regeneration phases of the same phytocoenosis. 
Results show that assemblages of plant individuals are less diverse and more 
associated in primary than in regenerating stands, suggesting, in both situations, 
competitive dominance and disturbance as the main ecological mechanisms. Thus, the 
method was proven effective in distinguishing slightly different dynamical processes. 
We propose using this sampling design in future coordinated distributed surveys for 
studying non-equilibrium dynamics and assembly rules of forest vegetation in a more 
operative way and improving the predictability of vegetation processes. 
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Dead wood is considered a limiting resource for many aspects of biodiversity in 
managed forests of Central Europe. For some specialized forest species, access to dead 
wood is of critical importance. However, little is known about links between amount 
of dead wood and abundance of common forest birds, or indices of their alpha 
diversity. This gap in knowledge deserves more attention, as these are common species 
that rule ecosystems. We recently studied relationships between dead wood and 
abundance of common bird species in Białowieża Forest (Poland), where bark beetle 
outbreak resulted in local superabundance of dead trees. In 2018, birds were surveyed 
on 60 point count stations, controlled 6 times per season. Survey stations were selected 
in three types of old-growth stands: (1) with no dead wood available, (2) with a lot of 
old dead wood, (3) with a lot freshly dead trees. We will compare abundances of 
common forest bird species across three levels of dead wood availability. We also will 
present indices of species alpha diversity for this system. Our results are a step towards 
understanding the role of occasional pulses of abundant dead wood in shaping 
communities of common forest birds. 
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Temperate forests overlap globally with regions that are heavily populated. In recent 
centuries, human activity have led to large-scale deforestation for agricultural purposes 
and intensive logging. As a result, large part of the temperate regions totally lost its 
natural forest coverage and remaining fragments became disconnected and degraded. 
In last century, forest area in Europe starts to increase gradually after the period of 
intensive deforestation. However, existing forests encompasses mainly managed 
forests or tree plantations characterized by simplification and unification of tree 
species composition, age and spatial structure. Despite of numerous conservation 
activities, secondary forests differ significantly from natural conditions in terms of 
ecological complexity and biodiversity. Most secondary forests do not possess traits 
that are crucial for the restoration of biodiversity. The presentation review major traits 
of forest ecosystem that are crucial for preservation of biological value of secondary 
temperate forest. Traits that differentiate natural from secondary stands include: (1) 
tree species composition, (2) age and structural characteristics of trees and stands, (3) 
quantity and quality of dead wood resources, (4) number and diversity of tree 
microhabitats, (5) medium- and large scale disturbances and their ecological 
consequences, and (6) fragmentation and connectivity lost of old-growth remnants. A 
review of the differences between natural and secondary forests indicates the key role 
of pristine ecosystems as an irreplaceable source of knowledge about the structure and 
functioning of temperate forests. Examples of solutions supporting preservation or 
restoration of forest biodiversity which need to be implemented into current 
management practices are shown in the presentation. 
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The structure and composition of riparian forest stands were examined along the 
Orłówka River, Białowieża National Park [1]. Both the stand composition and the 
temporal changes caused by damming and harvesting of beavers (Castor fiber) were 
analysed in attempt to explain the present and future pattern of riparian forests. First 
beaver dam in Orłówka river was founded in 2007 and in 2009 dying of the stands was 
very common. The stand diameter at breast height, counting of all trees and brushes 
with high less than 1.3 m were done three times (I 1964-1967, II – 2016, III – 2018). 
The survey was done on the 18 sample plots with mean area 94 m2. The coarse woody 
debris and dead trees were measured two times (II – 2016, III – 2018). The degree of 
compositional changes were expressed the overall similarity of tree and shrub species 
in terms of both mean density and mean basal area, between three repetitions. Picea 

abies, Fraxinus excelsior and Alnus glutinosa were the most important tree species. 
However, in 2016 and in 2018, the role of spruce and ash had declined markedly. P. 

abies and F. excelsior was followed by A. glutinosa, which have the comparable basal 
area in first and last repetition. The major change was an increase of the number of 
young trees and shrubs species: Viburnum opulus, Carpinus betulus, Alnus glutinosa 
and new ones: Salix spp., Populus tremula. The mean volume of dead wood was ca. 
200 m3/ha-1. The beavers have unique ability to modify their environment by actively 
building dams, creating ponds, harvesting of the stands [2]. Dams built by beaver 
dramatically alter riparian forests, but the regeneration of the stands is quite quick [3]. 
We show that by increasing habitat heterogeneity, beaver increase the number and 
composition of trees and shrubs species. 
 
[1] Czerepko J. 2008. A long-term study of successional dynamics in the forest wetlands. Forest 
Ecology and Management 255: 630–642. 
[2] Naiman R.J., Johnston C.A., Kelley J.C. 1988. Alteration of North American streams by beaver. 
Bioscience 38: 753–762. 
[3] Wright J.P., Jones C.G., Flecker A.S. 2002. An ecosystem engineer, the beaver, increases species 
richness at the landscape scale. Oecologia 132: 96–101. 
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The vast majority of bird research in forests is short-term (1-3 years) and done in man-
transformed woods. This limits our ability to understand patterns of temporal variation 
in bird populations and assemblages under natural conditions. I shall summarize 
results of 40+ years studies on the composition and dynamics of the breeding bird 
assemblages, carried out in the old-growth forests of natural origin in the Białowieża 
National Park (BNP, E Poland). The avifauna of this forest shows some features 
regarded rather as typical for undisturbed tropical forests (e.g. high species richness, 
low population densities, lack of non-forest species, presence of many specialized 
birds, high nest predation). The BNP bird assemblages show the long-term 
compositional stability, no new species colonized the area, none of regularly breeding 
species went extinct during the study period. Formation of extensive forest gaps 
caused by die-back of Picea abies in coniferous habitats did not result in their 
colonization by non-forest species, they were settled by species breeding in deciduous 
habitats. Though the numbers of some species showed extensive year-to-year 
fluctuations the overall structure of the breeding assemblage remained unchanged in 
the long run, the same species numerically dominated the assemblage during the whole 
study period. These results could be gathered only because fragments of natural old 
growth forests free of direct human impact have been preserved. Such places have 
immense value for biological science and conservation of nature. Preservation of all 
surviving patches of such forest should become a priority. 
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Lichenicolous fungi are strictly associated with lichen hosts, growing on them as 
saprotrophs, commensals or parasites. Although knowledge on taxonomy of 
lichenicolous fungi is sufficient, data on dependence of these organisms to habitat 
conditions is scarce and was not surveyed in primary forest areas. We carried out our 
study in 2014 and 2015 on 144 permanent plots in core area of the Białowieża Forest. 
This ecosystem is one of the best preserved forest complexes of temperate Europe, 
justified by the continuity of biological processes over millennia and the entire 
spectrum of ecological niches that do not occur in managed forest stands. The goals of 
our research were to: (i) explore the relationships between lichenicolous fungi and 
lichen hosts and (ii) to compare the linkage between both fungi and lichens to forest 
communities, tree species, and substrates. To achieve study aims we performed 
multiple network interactions between these functional groups of organisms in relation 
to various substrates, tree species and forest communities. Apart from the high 
specificity (expressed by the Kullback-Leibler distance d') of fungi towards the lichen 
hosts, we explored that specialization of fungi to substrates, tree phorophytes and 
forest communities was higher than specialization of lichens. Compared to managed 
forests, higher structural complexity and greater number of specific microhabitats, 
linked with a great species diversity of trees and a large amount of dead wood in 
varying degrees of decomposition, allow maintenance of numerous lichen hosts and 
lichenicolous fungi in the study site. Thus, high environmental heterogeneity is the 
main factor influencing great number of networks interactions of lichens and fungi 
with variety of forest communities, tree phorophytes and substrates. 
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Albania is currently ranked as the country with the least forest resources in Europe. 
Based on data from the forest cadastre and INSTAT (2017) Albania has about 1.052 
million ha with forests (36.6% of the country's area), with a timber volume of about 
51.6 million m3. Based on these figures, it turns out that the forests in Albania are 
quite degraded, with a volume of only 49 m3/ha. In the last 20 years, the national forest 
stock has reduced by 32 million m3, while the average volume per hectare has 
decreased by 40%, dropping from 81 m3/ha (1997) to 49 m3/ha (2017).There is a deep 
gap between the natural growth of forests and the volume of the forest stock that 
decreases and where the cutting of forests exceeds 2-3 times their growth.  
If in 1997 virgin forests accounted for about 7% of the national forestry stock area 
(2017), nowadays these forests account for only 1% of the forests, an indicator of their 
drastic reduction over a period of only 20 years. 
Albania represents today the only country in Europe where cutting of forests exceeds 
their natural growth by 2-4 times. The old forest in Albania are also a part of this 
difficult situation of the national forestry stock. 
Nowadays, old forests face many threats such as fires, logging, grazing, hunting, 
waste, erosion, road opening, construction activities, HPPs, land ownership etc. These 
threats make these clusters even more exposed to the risk of their final disappearance.  
Dynamic natural processes have followed their normality of development, reaching the 
forest ecosystems currently represented by their “climax” stage.  
Old beech forests represent the wild Albania or its “ultimate natural islands”. 
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All forests, however natural, are dynamic if you only look at them for long enough. 
But how do non-tree components of biodiversity cope with changing forest 
environments? We surveyed 144 one-hectare plots in the northern part of the 
Białowieża National Park for vascular plants, bryophytes and lichens, repeating rather 
precisely a survey from 1990 called the CRYPTO project. The original survey 
unveiled a range of species new to science, as well as contributing to the knowledge 
basis for management recommendations common in European forestry today, 
particularly regarding deadwood retention. 
The numbers of lichens and bryophytes recorded has increased in the majority of the 
plots, most probably reflecting observer effects more than a true increase in species 
richness. Indicator value analyses show that changes in light and substrate reaction 
have had the most consistent effect on composition across species groups – related to 
increased penetration of the canopy by sunlight and potentially the reduction in acid 
rain since the 1990s. Within groups, dry-tolerant lichens and warmth-preferring 
bryophytes and vascular plants also increased. 
Our study area included plots where spruce bark beetle had killed a significant share of 
mature spruce trees since the original survey, changing the canopy species 
composition markedly. These plots had greater increase in vascular plant species 
richness than the plots occurring on deciduous forest types, but bryophyte and lichen 
species turnover rates not different to other forest types. Our work demonstrates that 
the loss of spruce due to bark beetle infestation has not caused the exclusion of 
important plant and lichen biodiversity. We conclude that plant and lichen biodiversity 
of the Białowieża National Park is well-adapted to natural cycles of regeneration 
which become apparent over the long term. 
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National park “Bielaviežskaja pušča” covers an area of almost 160000 hectares. The 
Park includes the eastern part of the famous Białowieża Forest (c. 50000 ha) as well as 
large areas of adjoining forests and wetlands, many of which share old-growth and 
natural character. Transformation of hydrological network in Białowieża Forest 
actively started in 19th century with the aim to create possibility for wood 
transportation. Increasing significance of the area as the game hunting grounds 
justified conversion of forest mires into meadows to improve conditions for ungulates 
and the bison. In the soviet times several large-scale drainage projects were 
implemented inside and on the outskirts of Pušča. As the result, only in the Belarusian 
part of Białowieża Forest 49% of mires were drained, 12 small rivers straightened and 
extensive network of channels in the forest created, leading to decrease of ground 
water table and faster discharge of water. The effect of hydrological transformations 
on forest ecosystems was exacerbated by climatic changes, and in particular 
temperature rise, decreasing amount of precipitation and its redistribution within year. 
Wetland restoration in Bielaviežskaja pušča started in 2004 with restoration of 
peripheral parts of Dzikaje mire. In 2007 a feasibility study was conducted to identify 
priority areas of restoration, a restoration project pipeline developed and 
implementation of restoration works accelerated. Currently, wetland restoration 
projects have been completed at 5 sites covering almost 2000 ha with the largest site – 
Dziki Nikar drained fen mire accounting for over 1100 hectares, 4 running projects are 
at different stage of completion. However, this is still very small compared to the 
historic scale of drainage, which underlines the need to continue wetland restoration. 
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Intense heat and drought events, as in 2018, are threatening central and southern 
European forests. The potential migration of tree species towards the north-east and 
higher altitudes will result in loosing valuable oak forests and in limiting the European 
forests’ biodiversity. Within the FUTURE OAKS project, a common gardens’ scheme 
was established to compare the performance of two provenances (Greek and Italian) of 
three Mediterranean oak species (Quercus pubescens, Q. frainetto, Q. ilex) under 
different climate and to propose measures for maintaining the functionality of oak 
ecosystems. Here, we report on seedlings’ survival and gas exchange (maximum 
assimilation-Amax and water use efficiency-WUE) patterns in four common gardens 
in southern Germany and northern Greece, assessed in 2018 – two years after 
plantation. The 2018 growing season was exceptional, compared to long-term records; 
in Greece very dry and hot in early summer, but rainy in late summer and in Germany 
very dry throughout the summer. Adverse conditions early in the growing season in 
the Greek common gardens (GR) substantially reduced the survival rates of all species 
and provenances, compared to the German (GE) ones; however, provenance had 
different effects among GR and GE. Amax was greatly reduced, regardless of species 
and provenances, when water availability was the limiting factor. In GR, when rainfall 
increased, the Amax of all Greek provenances recovered and tended to be higher than 
that of the Italian ones. In GE, no species or provenance exhibited favorable Amax or 
WUE under water shortage; however, under optimum water supply the Italian 
provenance of Q. pubescens had the highest Amax. All findings are discussed in 
regard to the potential use of certain species and provenances to enhance the 
sustainability of European oak forests. 
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Subalpine coniferous forests dominated by Japanese spruce (Picea jezoensis var. 
hondoensis, hereafter spruce) distribute discontinuously among several mountain 
regions in central Japan, and thus are afraid to be susceptible to global climate change. 
In particular, decay process of fallen logs have crucial role in regeneration of spruce. 
However, environmental factors affecting community composition of wood-inhabiting 
fungi, which are important not only as wood decomposers but also as mycorrhizal 
symbionts and plant pathogens, are not fully understood. In the present study, we 
evaluated factors affecting community composition of wood-inhabiting fungi and their 
functions in spruce logs among patchily located five subalpine forests in central Japan. 
Amplicon sequencing from totally 45 spruce logs detected 663 operational taxonomic 
units (OTU) of fungi. Among the environmental factors tested, annual precipitation 
(AP), basal area of adult trees (BA), and decay class of the logs (DC) have significant 
effects on fungal community. AP affected negatively on the presence/absence and 
OTU number of brown-rot fungi which decay wood holocellulose preferentially but 
leave lignin with slight modification. In contrast, BA associated positively with the 
occurrence of brown-rot fungi. BA also positively affected OTU number of white-rot 
fungi, fungal pathogen, and lichenized fungi. Log DC negatively affected the 
presence/absence of ectomycorrhizal fungi and OTU number of endophytic fungi. 
These results suggested that future change in precipitation and forest BA associated 
with climate change may affect functional composition of wood-inhabiting fungi in 
subalpine forest. In particular, less precipitation will increase occurrence of brown-rot 
fungi, which may affect negatively on spruce regeneration. 
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Natural disturbances are important drivers of biodiversity in forest ecosystems as they 
trigger forest regeneration and increase landscape heterogeneity. Under natural 
conditions, forests ecosystems show high ability to recover to pre-disturbance state. In 
general, functionally diverse and evolutionary distant communities increase the 
resilience of the ecosystem to perturbations. However, the combination of disturbances 
may reduce functional and evolutionary diversity of communities affecting the overall 
resilience. Salvage logging generally follows a natural disturbance therefore it is 
considered an additional disturbance. It has been demonstrated that salvage logging 
alters pattern of taxonomic diversity of birds, however it is unclear how salvage 
logging intervenes in the long-term community recovery process. To address this 
question, we compiled bird diversity data from nine published studies in North 
America, Europe and Asia to compare taxonomic, functional and phylogenetic 
diversity between salvage-logged and unsalvaged study plots, in a period of eleven 
years after the natural disturbances. We used species incidence frequencies within each 
year and calculated dissimilarities between salvage-logged and unlogged communities. 
The results showed that differences between salvage-logged and unlogged community 
varied significantly between single studies. However, the analysis of the global pattern 
showed lack of decrease in functional and phylogenetic dissimilarities with the 
successional time. This means that the differences in salvage-logged and unlogged 
communities remain unchanged within the first 11 years after the disturbance, 
suggesting that bird communities in salvage-logged forests require longer time to 
recover to non-salvaged state. 
 

 

 

 

 

 



              

 

The conference supported by:  and  

WHAT DRIVES THE RECREATIONAL VALUE OF THE BIAŁOWIEŻA 
FOREST? 

 
Marek Giergiczny 

 
Faculty of Economic Sciences, University of Warsaw, Długa 44/50, 00-241 Warszawa, Poland; 

mgiergiczny@wne.uw.edu.pl 

 

The aim of this paper is threefold; firstly using the travel cost method we show that the 
Białowieża Forest provides over 13 times larger recreational benefits than the average 
forest in Poland and over 7 times larger than the average Polish promotional forest 
complex. Moreover we show that these recreational benefits are much larger than the 
revenues from timber logging. Secondly combining the approach used in landscape 
research with non-market valuation techniques we show which forest structural 
attributes and to what extent drive forest recreational value. We observe that 
respondents prefer older stands with vertical layering, irregularly spaced trees and a 
greater number of tree species. Whereas a greater management intensity was 
associated with higher disutility regardless of the model employed. Thirdly the results 
of our study indicate that from a social perspective the most controversial attribute is 
deadwood. Using two different approaches (comparing pairs of photographs and 
modified graphics) we show that the perception of deadwood by visitors (including 
large areas affected by bark beetle) strongly depends on provided information. Namely 
respondents who were informed about forest dynamics, natural regeneration and about 
the ecological role of deadwood perceived deadwood and passive protection much 
more positively than respondents who did not get any information. To conclude our 
study shows that in the terms of recreational value the Białowieża Forest is a unique 
forest in Poland. Our study indicates that this is mainly due to its close to natural 
character and that any intensive management practices are likely to decrease visitors 
utility. Finally we show that the perception of the sites affected by bark beetle 
outbreaks strongly depends on provided information. 
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Extensive grazing with ungulates is generally considered beneficial for biodiversity 
conservation in woodlands. It acts as a natural and important disturbance to the 
ecosystem with significant impact on structure, species composition and biodiversity. 
The impacts of ungulates are however complex, and depends among other things on 
grazing intensity, ungulate species and grazing season. Domestic cattle are 
increasingly seen as a functional equivalent of the extinct aurochs, and are currently 
being introduced across Europe in the context of ecological restoration. However, the 
scientific evidence of long-term impacts of grazing on woodland biodiversity are still 
scarce and only a very limited number of studies have assessed the effects of cattle in 
woodlands. 
Here we present results of more than 20 years (1997-2018) of vegetation monitoring 
from an oak-dominated woodland at Mols, Denmark, grazed annually with cattle 
during autumn/winter (October to January), since 1988. Significant changes are seen 
over time and between the permanent plots and exclosures in species community of 
vascular plants and bryophytes, as well as woody encroachment. 
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Forest understorey plants are of great importance for biodiversity conservation and 
ecosystem functioning. Thus, based on the original list of vascular plants associated 
with forests, which was proposed for Germany by Schmidt et al. [1], an international 
group of scientists built a list of forest species of vascular plants for 13 European 
countries, using vegetation databases and expert knowledge. It comprises 1668 taxa, 
including 99 tree species, 4 epiphytic parasites, 148 shrub species, 14 lianas/climbers 
and 1403 herb layer species, which occur in lowland, upland and mountain regions of 
the nemoral, boreonemoral and boreal zone. Species were grouped into four 
categories, reflecting the level of their affinity to forest habitats: 1.1 – species of forest 
interiors, 1.2 – species of forest edges and forest openings; 2.1 – species which can be 
found in forest as well as open vegetation, and 2.2 – species which can be found in 
forest, but occur mainly in open vegetation. Additionally, a O category describes 
species that are absent from forests in a particular region.  
The number of 1.1 and 1.2 species was lower than 2.1 and 2.2 ones. Mountains were 
characterized by the highest number of taxa in all four categories, whereas in northern 
regions species richness was the lowest. Many species showed distinct shifts in their 
ecological niches over the geographic gradients with a tendency of preferences for 
more open habitats in higher latitudes and altitudes (for example shifts from 1.1 to 2.1 
category; from 2.1 to 2.2 and from 2.2 to O). These changes of ecological niches are 
associated with the climatic and land-use changes across the gradients. The lists can be 
widely used in biodiversity and community ecology studies of forests and for the 
detection of the most valuable, least-transformed forests remaining in Europe. 
 
[1] Schmidt M., Kriebitzsch W-U., Ewald J. 2011. Waldartenlisten der Farn- und Blütenpflanzen, 
Moose und Flechten Deutschlands. BfN-Skripten 299: 1–111.  
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English yew (Taxus baccata L.) is a relict species locally endangered within parts of 
its large geographic range. Several studies recorded diminishing population viability at 
the southern distribution of the species. Drought and mammal herbivory can limit yew 
regeneration, while competition by highly competitive species such as beech (Fagus 

sylvatica L.) and extreme droughts can reduce its growth. Further, populations of 
dioecious yew depend on the performance of both male and female individuals, 
increasing the vulnerability of small populations at its southern distribution. Our 
objective is to analyze main demographic rates (growth, survival and recruitment) of 
eight yew populations along a gradient of increasing Mediterranean influence in 
southern Europe (northern Iberian Peninsula and Sardinia). In each population 15 
healthy trees of each sex were cored and 15 transects of 30 m x 10 m were established 
to characterize forest structure and quantify browsing damage in tree saplings. On the 
one hand, we assessed the relative effect of climate and competition on tree growth. 
On the other hand, we evaluate mortality rate and regeneration capacity of yew and 
coexisting tree species. Growth responses to climate and competition significantly 
differ between sexes and climatic areas, which can influence the dynamics of the 
species across its southern distribution. We also recorded high regeneration capacity 
and survival ability for yew in almost all the locations, although mammal herbivory 
can slow down the growth of yew saplings. Our results could be used to design 
adaptation actions to favor the viability and persistence of yew populations at its 
southern distribution. 
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The successional dynamics of forests influence the amount and heterogeneity of 
resources available for forest-dwelling organisms. Conservation has largely focused 
only on selected stages of forest succession. However, to develop comprehensive 
conservation strategies and to understand the impact of forest management on 
biodiversity, a quantitative understanding of how different trophic groups vary over 
the course of succession is needed. 
We classified mixed mountain forests in Central Europe into nine successional stages 
using airborne LiDAR. We analysed α- and β-diversity of six trophic groups 
encompassing approximately 3,000 species from three kingdoms. We quantified the 
effect of successional stage on the number of species. Furthermore, we analysed the 
similarity of assemblages along successional development. 
The number of species of producer and consumer groups generally showed a U-shaped 
response to forest succession. In contrast to our expectation, the number of 
saprotrophic species did not change along succession. The analysis of assemblages 
indicated a large contribution of succession-mediated β-diversity to regional γ-
diversity. 
Depending on the species group, our data supported both the more-individuals 
hypothesis and the habitat heterogeneity hypothesis. Our results highlight the strong 
influence of forest succession on biodiversity and underline the importance of 
controlling for successional dynamics when assessing biodiversity change in response 
to external drivers such as climate change. The successional stages with highest 
diversity (early and late successional stages) are currently strongly underrepresented in 
the forests of Central Europe. We thus recommend that conservation strategies aim at a 
more balanced representation of all successional stages. 
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Synergistic anthropogenic drivers of environmental change threaten natural forests on 
several levels. Across Europe, shifts in local and regional range edge distributions of 
native forest species are expected along both altitudinal and latitudinal gradients in 
response to long-term climatic trends, but only if other conditions allow. Most 
European landscapes are fragmented and modified by centuries of intensive 
management because of competing land use, which is likely to restrict future 
movement for many native forest species. With it come consequences for long-term 
adaptation of natural forests to climate change. Recent policy to promote renewable 
resources has prompted more intensive management of commercial forests but also 
extended access into remaining areas of European old growth. A strategy for natural 
forest ecosystem adaptation is needed that applies the dualistic concept of “making 
space for nature” and “future natural”. The concept embraces the principle of 
‘futurescapes’ by encouraging the natural colonisation by native tree species of ‘set-
aside’ open ground as the favoured option for promoting long-term options for 
adaptation to climate change and biodiversity security. The complementary principle 
of “future natural” applies the rationale of increased successional plasticity and 
evolutionary-driven dynamics in forests as the most appropriate strategies for 
promoting climate change resilience. The benefits to society would be measured in 
terms of safeguarding and developing landscape-scale regulatory ecosystem services. 
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Roads complexly affect forests reducing ecosystem functionality by creating a 
multitude of ecosystemic stresses. Ecologically valuable roadless areas, without direct 
or indirect impacts created by roads, become ever scarcer. According to global 
analyses, boreal forests of North America and Eurasia as well as many tropical forests 
retain vast roadless areas. We explored the relationship of human-induced and natural 
forest fires in boreal Canada in relation to road distance: Since 2000, almost 80% of all 
human-induced fires occurred within 1 km of a road (14% of the territory). Over 90% 
of anthropogenic fires occur within 5 km of a road (26% of the territory) (85% and 
90% of burnt surface, respectively). Data for lightning-induced wildfires recorded 
between 2013 and 2015 indicate 70% of the burnt area within a 5 km zone of a road. 
We conclude roads and their far-reaching effects promote human-induced fire, the 
main driver of boreal forest degradation. In addition, indirect impacts of roads make 
forests more vulnerable to natural fires. We argue the protection of roadless areas 
across the boreal region will help to substantially reduce forest degradation and loss 
from human disturbance and promote resilience to forces of natural change. 
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The Intergovernmental Science Policy platform on Biodiversity and Ecosystem 
Services (IPBES) published its regional assessments on status and trends during spring 
2018. It is a massive report of over 1100 pages and based on three years of work by 
more than 250 experts providing an overview of threats, drivers and policy tools for 
many ecosystem types including forests. In this presentation, I will provide an 
overview of the main findings in the report and highlight a selection of its key message 
relevant to forest biodiversity. The assessment identify some positive achievements 
related to increase in protected areas and positive trends for some species. However, 
the main message is negative with a general decline of forest biodiversity and link this 
mainly to land-use change and intensification of forestry. Among drivers, land-use 
change is in some countries showing positive impact of forest biodiversity trends while 
in others negative. Climate change, invasive species and pollution are increasing 
concerns and predicted to remain serious threats to forest biodiversity. In many 
European countries, policies are in place that have helped to raise awareness, adoption 
of international conservation objectives and made some progress towards designing 
instruments for better governance. However, the report also highlight that there is 
significant room for improvement and that for some critical aspects there is still major 
issues to resolve. This includes in particular development of context appropriate 
targets as well as integration and coherence of legislation. A major obstacle across 
Europe is also to ensure financing of conservation efforts. Many of the conclusions are 
actually well-known, but as the report has been adopted through a government lead 
process, likely to weigh heavier that individual scientific reports. 
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Most European forests have been altered by management of different intensities and 
have led to changes in the composition and diversity of forest dwelling species. 
Comparisons of biodiversity between managed and unmanaged forests usually find 
equivocal results when multiple taxa are involved. A possible reason for this is the 
scale-dependency of different species, where some species respond to local structural 
changes induced by management and others are more dependent on landscape 
elements. However, little is known on how structural changes at the stand level 
interact with landscape properties. Furthermore, factors like the historical management 
practices, stand size and site effects complicate drawing robust conclusions. 
In this study, we compare 14 broadleaved stands with different management intensity 
to unmanaged stands using a pairwise design aimed at reducing the effect of 
confounding factors and isolating the effect of management. We compare diversity of 
eight different taxonomic groups including bryophytes, vascular plants, insects and 
vertebrates. We test whether the effect of the different stand structure elements is 
modulated by landscape elements, such as the amount and quality of surrounding 
forests. We hypothesized that the effects of forest management will be weaker in areas 
where forest cover is more continuous and the forests are of higher quality. Finally, we 
aim at identifying the key elements at the stand and landscape scale that affect the 
diversity of different groups that can contribute to inform management and 
conservation of forest biodiversity. 
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Fire suppression has drastically reduced the area of burned forests in Fennoscandia, in 
Finland by over 90% since the 1960´s. It is justified to say that fire is the most absent 
factor in Fennoscandian forests. Current situation is way below any natural or 
historical range of variability.  
Lack of fire has transformed semi-open, multi-stored natural Scots pine stands to 
denser and shadier stands with considerable spruce mixture [1]. This large-scale 
transformation threatens the survival of a large variety of species.  
Obvious losers are beetles, flatbugs and crustose lichens that are dependent on fire-
scarred trees. However, much larger group of losers are insect species dependent on 
old and dead pines in sun-exposed environments.  
Fire scarring contributes significantly to the formation of very old veteran pines and 
long standing dead pine snags, “kelo” trees. Fallen kelo trees provide unique habitats 
for a highly specialized group of polypores and corticiaceous fungi [2]. 
Lack of fire causes accumulation of humus and eutrophication on nutrient poor site 
types. Therefore lichen type forests are classified as threatened biotopes in Finland. By 
reducing humus cover, exposing sand and keeping pine stands semi-open fires have 
maintained many specialized plant, fungi and insect species on sandy pine forests and 
eskers.  
Maintaining these species requires large-scale use of controlled wildfires and 
controlled burnings in natural Scots pine forests. 
 
[1] Linder P., Elfving B., Zackrisson O. 1997. Stand structure and successional trends in virgin boreal 
forest reserves in Sweden. Forest Ecology and Management 98,1: 17–33.  
[2] Niemelä T., Wallenius T., Kotiranta H. 2002. The kelo tree, a vanishing substrate of specified 
wood-inhabiting fungi. Polish Botanical Journal 47,2: 91–101. 
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Close to natural forests serve as biological diversity hotspots and core areas in 
ecological networks. We assessed bird conservation value of the Western Carpathian 
primeval and natural forests using meta-analysis of published data and our own 
unpublished records covering all forest vegetation zones (116‒1720 m a.s.l.). In total, 
we summarize data from territory mapping censuses from 33 plots (mean = 3.8 
years/plot, SD = 3.1 year/plot). To assess ecosozological value of bird assemblages, 
we used three widely accepted conservation criteria (species lists) of international 
legal agreements in EU (Natura 2000 – Annex I, EU Red list, Bern Convention – 
Annex I, II). Bird assemblages were scored by these criteria from qualitative and 
quantitative (weighted by population densities) aspects. Bird assemblages were 
classified into four very broad (decidous, mixed, coniferous, dwarf pine) and seven 
finer (lowland and floodplain, oak, oak-beech, beech, mixed, spruce, dwarf pine) 
categories. Generalized linear and additive mixed effect models were applied to test 
for differences in conservation value among the forest classes. In broader 
classification, all tests of six conservation criteria were significant and showed the 
highest score of deciduous forests. In finer classification, lowland and floodplain 
forests showed the highest scores in four criteria (EU Red list qualitative and 
quantitative, Bern convention qualitative and quantitative) and oak-beech forests in 
two criteria (Natura 2000 qualitative and quantitative). Dwarf-pine assemblages 
yielded lowest scores in all criteria regardless of the forest classification scheme. This 
is also mirrored in the decreasing pattern of conservation value along altitudinal 
gradient in all but Natura 2000 qualitative criterion which peaked in mid-elevations 
around 800 m a.s.l. 
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Forests particularly stand out by their regulating ecosystem services (ES), from the 
local to the global scale. This talk analyses the situation of people in a forest landscape 
that is virtually denuded from forest. About 3 million people live in the Lake Tana 
watershed, Ethiopia’s largest lake, with 89 % of these in rural areas. Forest ecosystems 
have retreated to less than 1% of total terrestrial land cover, replaced largely by 
agricultural ecosystems. Three workshops with 40 ‘local leaders’ (e.g. chair people of 
agricultural cooperatives) were held for participatory assessments of ES. The 
workshops were accompanied by focus interviews of 19 rural residents, analysis of 
literature, GIS analyses and field visits as a means of ground-truthing. Near-natural 
forest remnants were unrivalled among regional ecosystems in the multifunctionality 
attributed to them by local leaders. The assessments produced eminently critical mean 
scores of current trends of demand and supply of ecosystem services, indicating a 
widening gap between what people need and what ecosystems can provide. Provision 
of fuelwood, protection from erosion and deterioration of the local climate were 
addressed as central issues. Residents try to replace such forest-related ecosystem 
services by, e.g., intensifying gardening practices, planting of exotic trees and use of 
dung for stoves, inadvertently causing new problems. Deforestation, increasing use of 
chemical fertilizers, mineralisation of soils (loss of humus), and a higher incidence of 
extreme weather events interact in positive feedbacks, accelerate eutrophication of 
Lake Tana and may be taking this exceedingly important ecosystem to a tipping point. 
The functional connectivity of the entire Lake Tana watershed calls for watershed-
wide management centred around reforestation. 
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Despite the large body of literature from North American study systems, we know 
very little of predator-prey-plant interactions in European landscapes. The main reason 
for this is the rareness of systems where natural processes occur with minor influence 
of humans. The strictly protected parts of the Białowieża Primeval Forest offer the 
unique opportunity to study how large carnivores influence the behaviour of their 
ungulate prey species and the consequences for natural tree regeneration. In several 
studies we addressed fine-scale and large-scale risk factors for red deer in this old-
growth forest. By means of camera traps we showed that deer become more vigilant 
and reduce foraging in the vicinity of cues indicating recent predator presence (wolf 
scats). Deer also perceive tree logs, which block view and escape routes, as a fine-
scale risk factor. At a landscape scale, deer avoid activity centres of wolves. These 
fine-scale and landscape-scale risk factors strongly interact; deer perceive tree logs as 
more risky and become more vigilant at locations where wolves are more frequently 
present. Detailed tree measurements showed that at these locations deer browsing 
intensity on trees is reduced and more trees successfully regenerate. Hence, in the 
Białowieża forest, wolves and tree logs create ‘patches of fear’ that are avoided by 
deer and facilitate natural tree regeneration. Humans are indirectly important, as 
activity centres of wolves are located far from human settlements. This ‘human 
shadow’ on predator-prey interactions is therefore an important component that also 
influences natural processes in the best preserved remnant of temperate lowland forest, 
the Białowieża Forest. These effects of human presence likely more strongly modify 
predator-prey interactions in other more human-dominated landscapes in Europe. 
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Great biodiversity is usually a criterion for conservable forest and long continuity is 
thought to be a primary reason for the development of species richness in an 
ecosystem. However, interaction and symbiotic relationships between species are 
important drivers of biodiversity gain, which can be more efficiently studied in forest 
experiments than in complex natural habitats.  
In this study, species richness and vertical distribution of corticolous lichens were 
examined in common garden experiments in Denmark on 159 stems from Acer 

pseudoplatanus, Alnus glutinosa, Betula pendula, Fagus sylvatica, Fraxinus excelsior, 
Quercus robur, and Tilia cordata. All trees were 44 years old. Species richness and 
Shannon diversity of lichens were compared among the tree species and their 
distribution in relation to relative tree height modelled by nonparametric multiplicative 
regression (NPMR).  
Acer pseudoplatanus and Fraxinus excelsior provided the highest lichen species 
richness and diversity, while it was significantly lower on Betula pendula and Fagus 

sylvatica. The height distribution of individual lichen species was found to differ 
significantly (P<0.001). Lepraria incana, Pseudosagedia aenea and Opegrapha atra 
showed high abundance at the stem base, while Lecanora carpinea, Physcia tenella, 
Xanthoria parietina, Lecanora chlarotera and Lecidella elaeochroma were mostly 
present around 70% of the tree height. For each lichen species, age determination of 
different heights in the trees allows us to estimate how old the bark is at the time of 
colonization and how long time the lichen is able to grow and live on the trees.  
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Forests cover 41% (2 milion ha) of land cover in Slovakia. They are governed by 
several decision making bodies, private and state owned companies and local 
shareholders. There are thus increasing tensions among different groups in forestry. 
Disturbances are a good illustration. Natural disturbances can be beneficial for the 
ecosystem, whereas from the standpoint of forest management, they are often 
disastrous. Norway spruce (Picea abies Karst.) is the dominant ecological species in 
high-elevation forests of Central Europe and is a native host for the spruce bark beetle 
(I. typographus). P. abies covers approximately 20% of forests in Slovakia and 
experienced the most severe disturbances of all tree species.  
Biodiversity conservation is focused on entire landscapes. Protected areas are usually 
located in most preserved natural sites, which in the case of Central Europe, are mostly 
forests, often in mountains. Therefore, 1.15 milion ha (60%) of Slovakian forests is 
under some protection status. But strictly protected areas cover around 1.5% of forests. 
These areas are small in size and are often fragmented. In response to the occurrence 
of strong windthrows and subsequent bark beetle outbreaks, strictly protected areas 
became a highly discussed issues. In this contribution, we want to present and discuss 
the problems related to strictly protected areas in relation to bark beetle outbreaks. 
Such outbreaks can affect the surrounding managed forests, and the role of the insect 
is not entirely clear, as it can move from the managed forests to the strictly protected 
ones and vice versa. This calls for long-term planning and proper landscape approach.  
ACKNOWLEDGEMENTS. This work was supported by the APVV-15-0425, VEGA 26176/17 and 
by the Schwarz fund of the Slovak Academy of Sciences. 
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The boreal forests in Europe have, since the middle of 20th century, been subject to 
intensive clear felling-based forestry. This has resulted in a forest landscape with only 
small proportion of remaining forests with long temporal continuity. In Sweden, the 
remnants of boreal forest that have never been clear-felled are concentrated to the 
north-western part of the country in vicinity of Scandinavian Mountains. Most of these 
forests are on less productive land being mostly located on higher elevations. A 
proportion, that is substantially higher than the national average, is formally protected. 
However, older forests that have not been clear-felled over the last 60-70 years have 
recently been mapped in boreal Sweden with help of historic aerial photos and satellite 
images. Svensson et al. [1], recognized those remnants (proxy continuous forests – 
pCF) as having great potential in creation of functional green infrastructure in boreal 
Sweden. In this paper, we explore the potential role of pCF in strengthening network 
of protected high conservation value forests (HCVF). We applied overlap analyses to 
evaluate the spatial relationships between the pCFs and existing protected forests. We 
also performed connectivity analyses to identify the key unprotected pCF for planning 
of functional green infrastructures in boreal forest landscapes in Sweden. 
 
[1] Svensson J., Andersson J., Sandström P., Mikusiński G., Jonsson B.G. Landscape trajectory of 
natural boreal forest loss as an impediment to green infrastructure. Conservation Biology DOI: 
10.1111/cobi.13148 In press. 
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Predation under natural conditions in a primeval forest is the most important factor 
influencing breeding success. Many birds species suffer from high losses because of 
predators. I studied breeding success in the Red-breasted flycatcher Ficedula parva in 
a primeval forest. The Red-breasted Flycatcher is a small, long distance migrant that 
winters in the Indian sub-continent and breeds in natural holes in dense deciduous and 
mixed forest of Europe. Data were collected during twelve breeding seasons in the 
Bialowieża National Park, Northeast Poland (52o41'N, 23o052'E), the best preserved 
and protected area of the Białowieża Forest. Almost half of broods were lost and most 
of them (more than 80%) because of predation. In case when brood was lost in the 
period of egg lying or incubation, female tended to repeat clutch. First and repeated 
nest-sites differed insignificantly in characteristic. Repeated clutches were much 
smaller and pairs raised significantly less fledglings. Proportion of successful and lost 
broods were similar in the first and repeated attempts. The Red-breasted Flycatchers 
choose shallow nest-sites that allow female to observe their surroundings. This way 
female can escape from the nest when predator approaches, increasing the possibility 
of a repeat clutch and attain the breeding success in the same season. 
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Conservation and restoration projects are in general lacking comprehensive 
documentation of the effects of interventions. Riparian zones are known to be rich in 
biodiversity, however potentially threatened by forest practices. On the Baltic island 
Bornholm, a scientifically motivated ecological restoration of the riparian zone of the 
stream Øle Å was implemented in 2013. The project stretches 3.5 km, which were 
previously used for intensive timber production of Norway spruce (Picea abies). After 
the felling of the spruce trees in 2014, the area is left for natural secondary succession.  
Terrestrial and aquatic biodiversity was intensively monitored to allow for 
comprehensive before-after-control-impact (BACI) evaluations. The diversity of 
singing bird seems to be limited when the local forest type is dominated by Norway 
spruce plantations. Significant increases in plant species richness is seen both on land, 
and in the stream bed following the intervention. The communities are characterized as 
early successional stages, displaying high yearly turnover rates. The fish community is 
dominated by brown trout (Salmo trutta), where no changes in growth of yearlings 
could be documented.  
It is preliminarily concluded that the terrestrial biodiversity was highly influenced by 
the use of the riparian zone for Norway spruce planation. In contrast the aquatic 
biodiversity seems more influenced by stream dynamics, than the type of riparian 
vegetation. 
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A group of European bryologists and mycologists has been regularly surveying the 
bryophyte and fungi communities on dead wood in beech dominated forest reserves. 
Hitherto, more than 80 sites were inventoried in 16 European countries. The studied 
reserves represent the best natural reference beech stands of the regions. In each site 
20-40 large dead beech logs were sampled representing each decay stages. 
The regional species pool of bryophytes is geographically determined, and many 
species show a distinct preference, or are restricted, to a specific region of Europe. The 
biodiversity hotspots of epixylic bryophytes are the primeval forests of the montane 
beech-fir zone in the Alps, Carpathians and Dynaric mountains. These old-growth 
relicts are characterized by high species richness and the presence of specialist epixylic 
species (many liverworts), which are regionally rare in Europe. Peculiar stands are 
Rotwald in Austria, Boubin in Czech Republic, Dobroc in Slovakia and Rajhenav in 
Slovenia. The presence of coniferous species (fir and Norway spruce) increases the 
bryophyte diversity occurring on beech logs compared to pure beech dominated 
stands. Forest site, landscape and climate also influence bryophyte diversity. 
The preservation of stands with long dead wood continuity is crucial for the 
conservation of strict epixylics and epiphytics. These reserves maintain the core 
populations of many endangered species that may colonize also the managed forests. 
Epixylic populations are sensitive to substrate availability (presence of large logs) as 
well as microclimatic conditions (humidity). 
ACKNOWLEDGEMENTS. The study was supported by the Hungarian National Research, 
Development and Innovation Office (GINOP 2.3.3-15-2016-00019, K128441) and the private 
companies ForestFun and HabitatVision as well as the community of friends ""Beechboys"". 
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The long-term studies conducted in permanent plots have a high importance in 
understanding mechanisms of the assembly and dynamics of ecological communities, 
particularly for such a long-lived organism as trees. Such studies are especially 
meaningful in tropical forests which are characterized by high species richness but are 
vulnerable to human-induced disturbances or climate change. Our study reports 
population dynamics of ~160 tree species from 2003 to 2014 in 15 ha permanent plot 
located in a tropical montane forest in Doi Inthanon, northern Thailand. The 
preliminary results showed that in 2003 the tree density was 6487 individuals per 
hectare (N/ha) and dropped to 5647 N/ha in 2009 but slightly increased to 5891 N/ha 
in 2014. The most abundant species appeared in all three censuses was Mallotus 

khasianus with the density of 575, 546 and 590 N/ha in 2003, 2009, 2014, 
respectively. Other commonly found species were Calophyllum polyanthum (467 N/ha 
in 2003 and 502 N/ha in 2014), Castanopsis calathiformis (315 N/ha in 2003 and 189 
N/ha in 2014) and Psychotria symplocifolia (237 N/ha in 2003 and 234 N/ha in 2014). 
Slightly more than 50% of all tree species are rare species with the density ≤ 10 N/ha. 
The recruitment rate was 68 individuals per hectare per year (N/ha/yr) in 2003-2009 
years and almost 2.5 times higher in 2009-2014 (i.e. 162 N/ha/yr). The mortality rate 
in 2009 amounted to 3.2% out of the total tree population per year and was lower in 
2009-2014 and amounted to 2% out of the total tree population per year in 15 ha plot. 
We will discuss our results in the context of linking the variation in tree species 
demographic parameters and growth to the effect of climate anomalies by employing 
science-based scenarios of possible forest developmental trajectories. 
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Western taiga habitat type has an important role as a protected forest ecosystem. 
According to EIONET (2018) Western Taiga habitats cover almost 27 000 km2 of 
forests in Boreal region, which is 21.6% of total terrestrial Natura 2000 area (124 645 
km2) in member countries where it occurs: Estonia, Finland, Latvia, Lithuania and 
Sweden. By the range of this habitat, it is considered in favorable status in member 
countries but overall assessment, including structure, functions and future prospects, 
shows that conservation status is unfavorable for the habitat in these countries. Estonia 
has 7785 km2 (17.2% of terrestrial area) of Natura 2000 areas, which makes Western 
taiga with 700 km2 the most represented forest habitat type. The main pressures and 
threats for this habitat are removal of dead and dying trees (CWD), thinning of tree 
layer and forestry clearance. The high importance conservation measures for future 
include: restoration of forest habitats, adaptive forest management, establishing 
wilderness areas and allowing different succession stages. 
For better understanding of different forest structures in Western taiga habitat type, we 
established 100 research plots within the Estonian Network of Forest Research Plots. 
Besides traditional methods, these plots are also used for detailed monitoring of CWD 
and its decomposition. The data of forest structure in different sites gives an 
opportunity to develop better instructions for ecological forest management. 
Usually forest data describes the mean values (height, diameter, age) in forest stands 
but alternatively we could use more unconventional way and take forest structural 
elements at the focus of forest inventory also. For management decisions, forest 
structure should be assessed also and this can be combined with biological knowledge. 
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Oak dominated forests are of great importance for biodiversity. However, rapidly 
changing land-use and disturbance regimes have reduced suitable regeneration niches 
and unsuccessful natural oak regeneration have caused concern in Europe and North 
America for over a century. In eastern North America, a fire-oak hypothesis has been 
developed which attributes some oak regeneration problems to effective fire 
suppression. Prescribed burns are now used to restore and regenerate oak-dominated 
ecosystems, often combined with thinning to increase light and control competing 
vegetation. In temperate Europe the role of fire is not clear, but fire suppression is 
widespread. Our study investigates if the fire-oak hypothesis can be applied to 
European temperate oaks (Q. robur and Q. petraea). A field experiment combining 
effects of light (high-low), browsing (fence-no fence), and fire (burn-no burn) in a 
complete block design was established in 2016 at five oak-dominated forests in 
southern Sweden. We have recorded survival and growth of 2357 naturally 
regenerated oak seedlings. The growing season after burn treatment, oak seedling 
survival ranged from 67% in low-light*fence*burn-treatment to 96% in high-
light*fence*no burn-treatment. For all burn treatments, 92% of surviving oaks had re-
sprouted. To our knowledge, this is the first field study to investigate use of a low-
intensity prescribed fire as a restoration tool for regenerating European temperate oak 
forests valued for conservation. The initial results are positive in that we demonstrate 
the high sprouting capacity of naturally established oak seedlings that experienced a 
low-intensity prescribed fire. Our results also highlight the importance of investigating 
combined effects of multiple factors, continued research will further explore these 
interactive effects. 
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Over the last century, human activities have considerably changed boreal forest 
ecosystems. In Estonia, the amount of forest area under protection has constantly been 
increasing yet the ecological quality and coherence of natural forests continues to 
decline. The reasons are mainly related to long-term forest management and intensive 
management practices such as monotonous management regime, homogenization of 
forest structure and absence of natural forest legacies. We evaluated the ecological 
quality of different forests in Estonia by using the naturalness assessment approach in 
order to categorise forests under study by the ecological state to managed, recovering 
and natural (including old-growth) forests. Assessment takes into account the 
composition of tree ages, sizes and species, the presence of old and large diameter 
(especially deciduous) trees, broadleaved trees and deadwood, recent and historical 
managements and many other indicators. As a following step, we analysed the spatial 
forest structure by using spatially explicit structural indices based on nearest neighbour 
concept in order to assess, understand and model the comprehensive spatial structure 
of different forest types. The results show in general that the more natural is the 
condition of forest the more complex is the structure of forests. Management may also 
have a positive impact on forest structural diversity. This study indicates that taking 
natural forests structure as reference can be beneficial in terms of developing 
biodiversity oriented forest management practices, to increase the functionality of 
forest ecosystems and also in the field of forest restoration. Better practices can 
contribute to better preservation of natural forest by the decrease in fragmentation of 
nature protection areas.  
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Lungworms from the genus Dictyocaulus are causative agents of parasitic bronchitis 
(dictyocaulosis) of domestic and wild ruminants. Dictyocaulosis is a potential threat to 
the red-listed European bison in Poland. The study conducted in the years 2011-2013 
in the Białowieża Primeval Forest revealed that 25 of 42 examined individuals were 
infected with Dictyocaulus lungworms (prevalence: 59.5%; 95% CI: 45.7–72.2). 
Additionally molecular analyses showed that the SSU rDNA sequence of bison-
derived lungworms was identical to D. viviparus isolated from cattle, whereas they 
diverged at the ITS2 region (2.43–2.60%). A common significant feature of bison-
derived isolates was the occurrence of short repeat sequences (SRS) within the ITS2, 
with GAT as three times-repeating motif. Additionally, nucleotide sequence 
divergence in the mitochondrial cox1 gene, between the NCBI reference sequence of 
D. viviparus and bison-derived isolate was 3.20%. According to Blouin [1] nucleotide 
sequence variation within the mt DNA between distant populations of the same 
nematode species ranges 1–3%; Own finding indicates that the divergence between 
cattle and bison-derived lungworms is at the edge of proposed range. To conclude, 
European bison hosts a distinct genotype of D. viviparus. Thus, further molecular and 
morphological investigation is clearly required to find out whether cattle act as a 
reservoir of D. viviparus for red-listed European bison. The possibility, which can 
represent a threat for European bison reintroduction programmes within Europe.  
ACKNOWLEDGEMENTS. Funded by KNOW (Leading National Research Centre) Scientific 
Consortium "Healthy Animal - Safe Food", decision of Ministry of Science and Higher Education No. 
05-1/KNOW2/2015 
 
[1] Blouin M.S. 1998. Mitochondrial DNA diversity in nematodes, Journal of Helminthology 72: 285–
289. 
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The research concerns occurrence of Barbastelle bat in the Białowieża Forest area (the 
study covered both protected areas and economic forests). The method of ultrasound 
recording on linear transects (21 transects) and netting (13 points) was used. Abundant 
occurrence and breeding of this species was found throughout the entire study area. 
Barbastelle accounted for 14.5% of all recorded bat passes in NP and 23.2% in 
economic forests, in data from netting it accounted for 68.2% in NP and 59.32% in 
economic forests, which makes it one of the dominant species in bat assemblages here. 
These data show the key role of the Białowieża Forest as a „terra typica” for 
Barbastelle. The possible influence of such factors as: type and age of the stand (in 
buffer 1500 m around transects), number of natural shelters available, closure of the 
canopies above the transect, distance from water and distance from buildings was 
analyzed. The result of this research indicates that the whole area of the Białowieża 
Forest, almost regardless of the current protection status, is an area of strong 
occurrence of this species. The Barbastelle population here is reproductive and 
relatively evenly distributed. Such results are new to existing knowledge about 
mammal communities in this area. The small variation in the occurrence of Barbastelle 
in relation to local environmental conditions is possible due to the fact that even a 
relatively small home range of Barbastelle (the average radius is most often assumed 
as 4.5 km) exceeds the size of elements of the environmental mosaic of this area 
(which is still largely of a natural character). This is an argument for treating the 
Białowieża Forest as an environmental wholeness and for protection of its entire area. 
And it makes Barbastelle one of a keynote mammal species for Białowieża Forest. 
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Logging changes the quality and spatial composition of forest ecosystems and can 
strongly affect species interactions such as seed dispersal by frugivorous animals. 
However, little is known about the consequences of changes in dispersal patterns for 
the regeneration of plant communities.  
We will investigate the effect of 35 frugivores (30 birds and five mammals) on the 
regeneration of nine woody plant species with fleshy fruits in ash-alder forests. Our 
study is located in the logged and old-growth part of the Białowieża Primeval Forest 
(BPF) in Eastern Poland and investigates each of the consecutive steps of the seed 
dispersal loop: 
In a first step, we observed the seed removal rates of the fleshy-fruited plant 
community during a total amount of 2,718 h. Logging caused a loss of 27% in the 
number of disperser species in the seed removal networks and a 50% decline in their 
interaction frequencies as compared to the old-growth forest. In a second step, we 
collected >4,000 scats with seeds to identify the deposition pattern of the associated 
frugivores using DNA barcoding. In a third step, we sowed 24,750 seeds of the nine 
plant species into different microhabitats in the forest (defined by vegetation structure 
and light availability) to measure establishment and survival of the seedlings. Finally, 
we measured >6,000 plant individuals in different microhabitats over three years to 
assess growth, survival and reproduction of the nine plant species. 
By differentiating between the logged and the old-growth forest of the BPF, we will 
provide insights on the effect of logging on the contribution of frugivores to plant 
regeneration and, thus, important implications for the functioning and conservation of 
forest ecosystems. 
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More than half of the 1,300 bat species are known to roost in trees. Understanding of 
the roosting requirements of tree dwelling bat species living in natural or close to 
natural forest ecosystems is important for their protection. Tree dwelling bats in 
Białowieża Forest select cavities in large, old, dying or dead trees. This inevitably 
brings them into direct conflict with the interests of forest managers, who are trained 
to fell such trees. Therefore the identification of forest stands providing optimal 
roosting opportunities for bats is crucial, in order to provide appropriate guidelines for 
forest management. It is also important to identify the extent to which the roosting 
ecology of bats changes in response to habitat modification. Białowieża Forest offers a 
unique opportunity, in the temperate zone, to observe differences between areas with 
no direct human intervention and managed areas and in particular to reveal the effect 
of forest management on the roosting ecology of forest dwelling bat species. There 
was a significant difference in the selection of roosting habitat between the managed 
and unmanaged areas of the forest. It appears that bats are able to respond to changes 
in their environment by changing their roost site preferences and could therefore 
occupy habitat previously considered less suitable [1]. Unfortunately further intensive 
management may affect access to suitable roost sites and negatively influence bat 
community in Białowieża Forest. 
 
[1] Ruczyński I., Nicholls B., MacLeod C.D., Racey P.A. 2010. Selection of roosting habitats by 
Nyctalus noctula and Nyctalus leisleri in Białowieża Forest – Adaptive response to forest 

management? Forest Ecology and Management 259: 1633–1641. 
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An interdisciplinary study of environmental history of Białowieża Primeval Forest 
(BPF) allowed to identify the role of humans in preserving and shaping BPF’s 
environment. All available data show the unique level of preservation of natural 
habitats in BPF despite many centuries of human presence. Recent palynological 
analysis evidences BPF as continuous closed-canopy forest for last 11–12 thousands 
years and very low, compared to other areas of lowland Europe, level of anthropogenic 
indicators. The continuity of forestation was never disrupted, both ancient and 
mediaeval settlement was scattered both in time and in space which allowed for a total 
regeneration of the forest. In the modern era (14th-18th century), BPF was protected as 
a royal hunting ground. Until the end of the 18th century, main ways of use did not 
interfere with natural processes of succession and forest regeneration – by the end of 
18th century 60% of BPF was not bearing any signs of human impact. In the 19th 
century, plans to introduce modern forestry to BPF failed and after the first tsar’s hunt 
in 1860 the forest was transformed into game reserve, with limited timber exploitation. 
The beginning of the 20th century saw massive, mechanized timber exploitation 
introduced for the first time by German army during WWI. In 1921, the first nature 
reserve was established; it was also the first moment in the forest’s history when it was 
artificially regenerated by foresters.  
BPF survived until today with a significant share of natural habitats, as well as 
numerous traces of thousands of years of human presence – both factors should be 
considered in future management of the forest. Modern forest management was 
introduced here less than 100 years ago and its timber-oriented approach does not fit to 
the ecological and historical role of the forest. 
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Forests provide a wide range of ecosystem services that are important to human well-
being, but at the same time biodiversity is under threat as a result of human activities. 
Imminent threats to forest biodiversity include, pollution, climate change, and past and 
present forest management leading to loss of habitat, fragmentation, and changed 
habitat conditions, e.g. loss of old growth and dead wood. To better understand how 
the forest biodiversity respond to these factors we need a better understanding of forest 
dynamics at relevant time scales. We present a study of temporal changes for several 
different groups of species (vascular plants, lichens, bryophytes and polypore fungi) in 
two protected forest reserves in Norway reaching across almost two decades. Both 
study areas consist of 40 permanent plots with a size of 0.25 ha, first surveyed in 1997-
98 and resurveyed in 2014-15. 
We revealed little changes in overall number of species in both study areas, but we 
found large differences between species groups. Only minor changes were detected for 
the cryptogams both in species richness and composition, whereas both vascular plants 
and particularly polypore fungi has undergone larger changes in species composition 
during this 17-years period. The lack of changes in cryptogams can be due to the broad 
scale of the study plots, resulting in large internal variation in the environment 
condition within each plot. The large changes in the polypore fungi can be associated 
with the increased amount of dead wood in the two areas, but it might also merely 
reflect a larger annual variation in the appearances of fruiting bodies for the different 
species for this group. 
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Climate change will have major impacts on biodiversity, including reductions in 
species distribution and abundance. We test the extent to which land use management, 
such as setting-aside forest from production, could reduce climate-induced biodiversity 
impacts for specialist species. We applied ensembles of species distribution models 
based on Citizen Science Data for six red-listed old-forest indicator species of wood-
inhabiting fungi. We tested effects on species habitat suitabilities of alternative climate 
change scenarios and varying amounts of forest set-aside from production over the 
coming century. With the current allocation of 3.6% of forest area set-aside from 
production in Sweden, habitat suitabilities in set-aside forest initially increased over 
the first one-two decades in response to maturing forest, before the negative impact of 
climate change became evident. Overall habitat suitabilities for all six species were 
projected to decline under climate change scenario RCP 4.5, with even greater declines 
projected under RCP 8.5. Increasing the amount of forest set-aside to close to the 
Aichi Biodiversity Target 11 aim of ≥17% resulted in significant increases in overall 
habitat suitability, with one species showing an increase. A further increase to 32% 
forest set-aside resulted in considerably more positive trends, with three species 
increasing. There is inter-specific variation in the importance of future climate and 
resource availability on species occurrence. However, large-scale conservation 
measures, such as increasing resource availability through setting aside forest from 
production, could reduce future negative effects from climate change, and early 
investment in conservation is likely to reduce the future negative impacts of climate 
change on specialist species. 
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Insect outbreaks in Europe’s forests have increased sixfold over the last five decades, 
with climate change being a strong driver of this trend. Bark beetle outbreaks can 
severely disturb landscapes and synchronize forest development, which could in turn 
increase future bark beetle risk. However, beetle-disturbed areas often regenerate 
heterogeneously, with structural diversity reducing potential future bark beetle risk. 
Natural forest development after bark beetle outbreaks could thus either amplify or 
dampen future susceptibility to bark beetle outbreaks. Here we test how post-outbreak 
forest development affects the susceptibility to future bark beetle outbreaks, focusing 
on the European spruce bark beetle (Ips typographus) in a Norway spruce (Picea 

abies)-dominated ecosystem. We employ iLand, a process-based forest landscape and 
disturbance model, to dynamical simulate future forest stand development in the 
Bavarian Forest National Park, Germany. We study different recent disturbance 
histories and climate scenarios with regard to their effect on trajectories of tree species 
composition and stand structure. We assess how climate change will affect the 
interactions between bark beetles and their host system. Overall, our study contributes 
to the question of how forests will develop in the wake of the current disturbance wave 
affecting large parts of Central Europe.   
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The Carpathian forests belong to the richest environments in Central Europe, 
preserving various ecosystems, including forests of primeval character [1]. Such 
forests, due to their rarity and exceptional nature, deserve special interest from both 
scientists and forest managers. Their identifying and protection is recognized as one of 
the main aims of sustainable forestry in the entire Carpathians, as indicated e.g. by 
provisions of the Carpathian Convention. Currently, commonly available remote 
sensing data and methods can provide complex information on tree-stands’ structure 
[2,3]. In this study, we use remote sensing techniques for analyzing the structure of 
forest stands in the Magura National Park (Beskid Niski Mountains), along with old-
grown forests. We intend to highlight the utility of this approach in monitoring and 
further preservation of forests of primeval character. We use two types of data: 
Sentinel 2 and LiDAR datasets, and the reference data collected during autumn 2017. 
We will explore the potential of this data in distinguishing the old-grown forests from 
the managed tree-stands. In further steps we will estimate stands’ structural diversity 
by such measures as tree species and dimensions arrangement indices. The first results 
show the efficiency of our approach in assigning of size classes and species to the 
single trees, what allows for further analysis.  
ACKNOWLEDGEMENTS. Research supported by the Polish National Science Centre (Project No. 
2015/19/B/ST10/02127). 
 
[1] Sabatini F.M., Burrascano S., Keeton W.S., Levers C., Lindner M., Pötzschner F. et al. 2018. 
Where are Europe’s last primary forests? Diversity and Distributions 24: 1426–1439. 
[2] Mura M., McRoberts R.E., Chirici G., Marchetti M. 2015. Estimating and mapping forest 
structural diversity using airborne laser scanning data. Remote Sensing of Environment 170: 133–142. 
[3] Holopainen M., Vastaranta M., Hyyppä J. 2014. Outlook for the next generation’s precision 
forestry in Finland. Forests 5,7: 1682–1694. 
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The widespread ecological and sustainability impacts of natural and near-natural 
boreal forest fragmentation and loss have raised substantial attention in the context of 
forest landscape restoration, functional green infrastructure, and the achievement of 
environmental goals and principles of sustainable management. Certain attention has 
been given to regions where large, intact natural forest areas still remain, and to 
interior forest core areas that due to distance to edge disturbance have developed 
continuity characteristics. In this study we have explored a high resolution remote 
sensing generated data set that maps all forests that have not been clearcut since 1960 
across the boreal biome of Sweden, covering about 20 million ha forest and other 
wooded land. Through spatial density and connectivity analyses we have identified 
remaining patches and components that together with already protected forest 
represents a possibility to establish a network of forest land for maintained and 
complementary protection and conservation-oriented forest restoration. We identified 
a zone of contiguous natural and near-natural northern boreal, sub-alpine and alpine 
tree line forests along the foothills of the Scandinavian mountain range, but also a 
more or less completely disrupted connectivity of such forests west-to-east, with a few 
low-connectivity networks and isolated components in the inland and coastal areas of 
northern Sweden. Overall, however, large areas display very low or non-existing 
natural forest connectivity. With emphasis on these severely impacted forest 
landscapes, we have analyzed the possibilities to expand protection and directed 
restoration to support existing low-current networks and isolated components, in 
comparison with available green infrastructure plans on regional and sub-national 
level. 
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Forests in Central Europe over centuries became dominated by coniferous stands, 
mostly Pinus sylvestris in the lowlands and Picea abies in the mountains. Such 
changes had occurred also in the Western Carpathians. The national parks in that 
region are usually patchworks of remnants of natural forests and secondary stands 
dominated by P. abies. A good example is the Tatra National Park, where 60 years ago 
the share of P. abies in forest stands exceeded 90%. Approximately half of those 
stands were in the subalpine zone, where P. abies is a natural dominant, and the other 
half in the montane zone, where natural stands used to be a mixture of species, with 
Fagus sylvatica, Abies alba and P. abies as the most abundant ones. Conversion of 
spruce monocultures into mixed stands is one of the main goals of the Tatra National 
Park, but that process was very slow. However, over the last 20 years forests of the 
Tatra National Park have been subjected to intense natural disturbances, windstorms 
and bark beetle outbreaks. On the basis of 600 sample plots distributed in regular 
spacing over the park area we estimated tree mortality and regeneration processes. The 
disturbances caused a widespread tree mortality; the volume of dead trees amounted to 
176 m3/ha, i.e. ⅔ of the volume of the live trees. Over 97% of dead trees were spruces. 
Among the young generation of trees, the share of P. abies was about 50%; Sorbus 

aucuparia had 30%, A. alba 7%, and Acer pseudoplatanus 4%. The share of F. 

sylvatica ranged from 1% among seedlings to 5% among tall saplings. The large-scale 
mortality of spruces coupled with intense regeneration processes following 
disturbances, has accelerated the process of stand conversion. In the young generation 
of trees the share of spruce is now close to its share in the remnants of natural stands. 
The species which benefited most from the disturbances are S. aucuparia, a typical 
early-successional tree, and A. pseudoplatanus. The share of late successional trees, A. 

alba and F. sylvatica, among forest regeneration is now only slightly higher than in the 
mature stands.  
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A significant amount of global forests is affected by natural disturbances and 
subsequent post-disturbance logging to ‘salvage’ some of economic returns. Such 
salvage logging occurs in all types of forests, including protected areas and production 
forests. To define consistent and effective management strategies, as well as 
justifications for salvage logging, we assessed attitude, knowledge and management 
preferences of government employees and local forest owners regarding an outbreak in 
production forests using standardized questionnaire surveys. In addition, we 
investigated the most preferred management strategy for protected areas and 
production forests. This talk will present motivations for salvage logging, as 
mentioned by forest owners and government employees, and discuss the best trade-
offs between biodiversity protection, pest control and the maintainance of high 
recreational values. 
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The last decades are characterized by an upsurge of research on the impacts of global 
environmental changes on forests. Climate warming, polluting atmospheric deposition 
and land-use change are three of the most important threats to biodiversity in 
temperate forests. Our ability to predict the combined effects of these global change 
drivers over longer time periods remains, however, rudimentary. The lack of 
knowledge on effects of global change drivers on forest herb layer communities is 
particularly striking, since the herb layer contains the largest part of vascular plant 
diversity in temperate forests and provides key ecosystem services.  
To further our understanding on this topic, we initiated an integrated project 
(PASTFORWARD, ERC Consolidator Grant, 2014-2019) to investigate how herb 
layer communities in temperate forests have changed over time and how they will 
change in the near future in response to the interactive effects of land-use change, 
atmospheric deposition and climate warming. The central idea behind the project is 
that changes in herb layer communities are driven primarily by past land use, but can 
be modulated by atmospheric deposition, climate warming and forest management, 
and that sensible predictions of herb layer development trajectories under global 
change can only be made by taking the forest’s history into account. 
In this talk I will present a synthesis of the main findings coming from the different 
research platforms and approaches used in the project.  
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To understand biological adaptations one has to study organisms in proper 
evolutionary context, i.e. in conditions to which they have been adapted. As the hole-
nesting birds have been adapting to breed in tree holes, if we wish to comprehend 
functional importance of different aspects of their breeding behaviour and ecology, we 
should study them nesting in tree holes. Conditions for such observations are rarely 
met in heavily transformed European forests, but one can still find them in the 
Białowieża National Park (E Poland), where last fragments of pristine European 
lowland forest have survived. All the abiotic and biotic processes leading to hole 
formation and decay still operate there, and diversity and abundance of tree holes is 
not reduced by human management. An entire assemblage of nest predators using 
diverse detection and attack techniques occurs there as well. Numerous studies of hole 
nesting birds breeding in such conditions were carried out there during the last 40+ 
years. Here I shall summarize some results of this work, concentrating on the 
evolutionary (adaptive) questions. I shall introduce tree holes as a biological 
opportunity, follow with listing challenges of successful breeding in such places 
(predation, soaking, darkness, microclimate). Then, I shall show diversity of solutions 
used by individual bird species to cope with these problems. Finally I shall stress an 
urgent need to preserve the last pieces of pristine forest as indispensable evolutionary 
and ecological laboratories. 
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The European ash (Fraxinus excelsior L.) is a foundation species for floodplain and 
ash-alder swamp forests – hotspots of bird, invertebrate, fungus and lichen diversity. 
Ash dieback (caused by Hymenoscyphus fraxineus) has caused a rapid decline in ash 
abundance across much of Europe in recent decades. Living and dead ashes support 
numerous bryophyte species and the rapidly-growing evidence base suggests that the 
ash-dieback may cause serious loss of ash-associated biodiversity. 
In the core reserve of the Białowieża National Park (BNP), human interference has 
been forbidden for close to 100 years. Here, the ash population decreased by two-
thirds over the past two decades (even more so in hydrogenic communities), placing 
ash-dwelling bryophyte species in a precarious situation. We studied the effects of this 
decline by resampling 144 permanent plots first sampled at the turn of 1980 and 1990. 
(CRYPTO project). As the original survey took place shortly before the dieback 
process started, we could register the natural response of ash-dependent bryophytes to 
the dieback-related decrease in abundance of ash trees. 
We showed that despite the decrease in the number of ash trees, changes in richness, 
diversity and composition of the epiphytic bryophyte flora at the plot scale have been 
relatively small. However, at the tree scale we found that recent compositional 
similarity between different tree species at the plot scale were significantly lower than 
in the original survey, which suggests a biotic homogenization of epiphyte 
composition. Ash-associated epiphytic bryophytes were able to exploit other tree 
species in the diverse BNP. Thus the diversity of the forest increases the resilience of 
epiphytes, which themselves could become a source for the recovery of populations in 
managed forests. 
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Ecosystems of Białowieża Primeval Forest are characterized by a high degree of 
naturalness and biodiversity. Changes in species and age structure in the long-term 
period resulted from both natural processes and human impact (indirectly and 
directly). 
The assessment of changes and knowledge about the current state allows to decide 
what protective measures should be taken to improve the condition of forest 
ecosystems. One can also evaluate the processes taking place and their direction, and 
therefore also assess the need for any actions. 
In the conducted research, the changes occurring in forest ecosystems with particular 
emphasis on spruce were assessed. An almost 100-year process of evolution of the 
species share in stands was analyzed and an attempt was made to explain it. In 
addition, forecasting of the share of this species was performed depending on the 
adopted scenarios of the climate change and recognized historical conditions. 
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The difference between primeval and other types of forests can be expressed in 
number of fallen trees and their dimensions. As logs are one of the most important 
fungal habitats, their mycocoenosis in old stands will differ substantially from ones in 
managed forests. We carried the experiment in Białowieża Forest (BF), in which wood 
of four tree species (pine, spruce, oak, hornbeam) was exposed for seven years in three 
plant communities types and three positions (hanging, soil surface, under soil surface). 
We revealed, that on the level of genera the fungi decomposing wood were not 
substantially differing from decomposers in forests planted by man. On the species 
level many common species were replaced in BF by rare or very rare fungi, for 
example the Fomitopsis pinicola was replaced by F. rosea, the Dacrymyces stillatus 
was replaced by D. palmatus. Interestingly, the spruce logs buried in soil seem to be 
proper habitat even for numerous fungi known as mycorrhizal ones e.g.: Russula spp., 
Lactarius spp., Tuber spp. Some of them were not recorded in the form of fruitbodies. 
Moreover, the logs buried in the ground revealed the relative similarity to logs lying 
on the soil surface. In the experiment nearly all buried logs were covered by Armillaria 

rhizomorphs, regardless of the type of log and plant community, and nearly completely 
decomposed during seven years while only few lying and hanging logs showed also a 
high degree of decay, and the fungi growing on them were more diverse. This 
phenomen could be explained by differences in mechanisms triggered during infection 
by the rhizomorphs and through spores, especially with co-occurrence of favorable, 
stable environmental conditions. 
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Despite being a land of old civilizations Bulgaria still holds some valuable old-growth 
forests. This is mainly due to diversity of relief, e.g. steep and difficult to access 
mountain valleys, climate variability, as well as some historical reasons. Best stands 
are located in national parks and reserves. However, forests in protected territories 
represent less than 2% of the total forest area of the country. Accordingly a main task 
of the WWF Bulgaria in recent years was to scientifically justify the protection of 
more forests that are in or near old-growth stage. Based on intensive field work in 
forest reserves an index for identification and evaluation of old-growth forests was 
suggested (Zlatanov et. al. 2013). Based on it, about 18 000 ha of state owned forests 
were proposed for protection in 2013-2016. In reality these were among the last 
potential old-growth candidates outside protected territories. In 2016, with an order of 
the Minister of Agriculture, Food and Forests about 10 000 ha of the inventoried 
forests were allocated for protection. Theoretically it sounds as a big success, however 
a large extend of the remaining 8 000 ha are now subjected to extensive regeneration 
fellings. In reality the country is to soon lose nearly half of its old forests proven not to 
be managed for at least 50 years. In the period 2017-2018 we continuously find 
logging activities in stands already designated for protection. This usually happens 
after natural disturbances that are indeed more frequent in recent years. Although part 
of the natural processes, these disturbances are administratively regarded as a 
dangerous phenomenon with the only resolution of “saving the forest” offered being 
sanitation fellings. 
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One of the leading hypotheses for the success of invasive species is that they are 
released from regulation by natural enemies. However, when alien species arrive in 
novel ecosystems, they establish multiple, simultaneous interactions with native 
species, and the net result can be more complex than simply enemy release. In a series 
of studies, we compared interactions of co-occurring invasive red oak Quercus rubra 
and native pedunculate oak Q. robur with weevils (seed predators), rodents (seed 
dispersers), and soil microbes (potential pathogens and mutualists). Red oak acorns 
were rarely attacked by weevils and when they were infested, they acted as ecological 
traps because the weevils could not emerge [1]. In addition, red oak acorns were 
readily dispersed by rodents, with the efficiency of dispersal increasing when acorns 
were rare (which could improve red oak recruitment on the invasion front) and 
declining when the red oak co-occurred with the sessile oak (suggesting biotic 
resistance) [2]. Soil microbes associated with adult conspecifics reduced seed 
germination and seedling growth in the native, but not in the invasive oak [3]. 
Examining a diverse array of biotic interactions can help understand when and why 
invasive plants, evolutionarily naive to their new environment, outcompete locally 
adapted native species. 
 
[1] Bogdziewicz M., Bonal R., Espelta J.M., Kalemba E.M., Steele M.A., Zwolak R. 2018. Invasive 
oaks escape pre‐dispersal insect seed predation and trap enemies in their seeds. Integrative Zoology 
13: 228–237. 
[2] Bogdziewicz M., Lichti N.I., Zwolak R. 2019. Consumer‐mediated indirect interaction with a 
native plant lowers the fitness of an invasive competitor. Journal of Ecology 107,1: 12–22. 
[3] Wróbel A., Crone E.E., Zwolak R. (submitted) Differential impacts of soil pathogens on native and 
co-occurring invasive tree species. 
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SUBALPINE SPRUCE FORESTS IN WESTERN CARPATHIANS 
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Norway spruce is one of the most important tree species in Europe [1], especially in 
mountainous areas of Western Carpathians, where it grows naturally. Lately, mainly 
due to climate change, spruce stands has suffered from windbreaks and insect 
infestation of increased intensity. After a large bark beetle outbreak in Tatra 
Mountains and significantly smaller one in Babia Góra National Park we analyzed the 
regeneration processes and stand dynamics in this two sites on the basis of data from 
130 systematically distributed permanent plots. The plots were located in strictly 
protected subalpine forest stands. We counted and measured nearly 7000 seedlings and 
saplings on 6 hectares altogether. Our hypothesis was that different disturbance 
severity in both analyzed stands should result in significantly different spruce 
regeneration structure. We found no significant differences in regeneration densities 
and structures in both compared stands despite the differences in tree mortality in 
recent decades [2]. It seems that differences in its structure and densities of spruce 
regeneration appears after much longer period of time regardless of the gap size [3].  
 
[1] Brus D.J., Hengeveld G.M., Walvoort D.J.J., Goedhart P.W., Heidema A.H., Nabuurs G.J., Gunia 
K. 2011. Statistical mapping of tree species over Europe. European Journal of Forest Research 131: 
145–157.  
[2] Kathke S., Bruelheide H. 2010. Interaction of gap age and microsite type for the regeneration of 
Picea abies. Forest Ecology and Management 259,8: 1597–1605.  
[3] Sproull G.J., Adamus M., Bukowski M., Krzyżanowski T., Szewczyk J., Statwick J., Szwagrzyk J. 
2015. Tree and stand-level patterns and predictors of Norway spruce mortality caused by bark beetle 
infestation in the Tatra Mountains. Forest Ecology and Management 354: 261–271. 
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The selective harvesting method used today in the Carpathians and recognized as the 
most sustainable has many advantages, but it also requires frequent entry of heavy 
equipment (skidders, forwarders or tractors) into the forest. Although mechanized 
logging is very efficient, it brings some negative consequences to the natural 
environment, like soil compaction, increased erosion and surface runoff. 
The objective of the study was to estimate the scale of the impact of modern forestry 
on selected components of the environment (soil structure, circulation of water and 
matter) in the eastern part of the Polish Carpathians. The detailed aims were: to 
estimate the density of forest roads and its links with topography, to characterize 
vehicles used for logging and to estimate traffic on forest roads. 
Fifteen forest districts were selected for analysis. Forest road network was delineated 
using LIDAR data in the sample of 120 randomly selected forest divisions. The total 
length, density, inclination and average coverage of forest roads were calculated. 
These data were linked with official forest spatial data regarding forest management 
practices, forest types, age of stands and planned cuts, and confronted with literature 
reports on directly measured particular impacts. 
This research demonstrated that the density of forest roads in the Carpathians is among 
the highest recorded in the literature, which translates to disturbed soil structure in 
approximately 5% of the analyzed area. Therefore, we argue that skidding now 
appears to be a bottleneck of sustainable forest management in the Carpathians. 
 
[1] Affek A.N., Zachwatowicz M., Sosnowska A., Gerlée A., Kiszka K. 2017. Impacts of modern 
mechanised skidding on the natural and cultural heritage of the Polish Carpathian Mountains. Forest 
Ecology and Management 405: 391–403.  
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Standardized reference datasets for natural populations provide essential and versatile 
information that allows the development of reliable and effective tools for practical 
conservation and management applications. They enable inferences in time and space 
by comprehensively representing key elements of a taxon’s genetic diversity across the 
genome and distribution range. They are indispensable for certification and forensic 
genetic tasks of assignment and for genetic monitoring campaigns. Encompassing 
sufficient information to identify and differentiate multiple interacting evolutionary 
processes and historical events, they provide the capacity to distinguish natural from 
anthropogenic origins and influences.  
Focusing on population-level assignment applications, reference datasets provide the 
required estimates of predictive assignment accuracy and error rates associated with 
hypothesis test results in certification or legal casework. The statistical quality 
frameworks for assignment decisions are well developed in the case of one population 
and in comparisons of two populations (e.g., a proposed defense vs. prosecution 
origin).  
Reference datasets, however, generally include many populations. Here, measures of 
predictive quality need to take into account all of the available reference context. 
Multiple pairwise population comparisons will not be sufficient. The problem is 
presented and first solutions are proposed towards the evaluation of reference data for 
their predictive properties in supervised genetic assignment. 
The statistical considerations are illustrated using a large genetic dataset of three 
European white oak species (Q. robur, Q. petraea and Q. pubescens).  
 
 
 

 

 

 

 

 



              

 

The conference supported by:  and  

WOODLAND GRAZING AS A TOOL TO IMPROVE BIODIVERSITY – A CASE 
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Grazing by large herbivores is increasingly used across Europe to support and sustain 
forest habitats for biodiversity. In Denmark, it is planned to introduce year-round 
grazing in part of the State-owned forests set aside for biodiversity. However, the 
scientific evidences of long-term impacts of grazing on woodland biodiversity are still 
scarce. 
One of the very few woodlands with a long grazing history in Denmark is Tofte Skov, 
a 4,000 hectares large fenced-in mosaic-landscape with elements of ancient oak 
woodland, deciduous forest dominated by beech, and coniferous dominated by 
Norway spruce and open habitats with raised bog, dune heathland and grasslands. 
Tofte Skov is a protected nature reserve which has been grazed by red deer and wild 
boar for more than 100 years. An assessment of the long-term effects of grazing i.a. 
based analyses of afforestation by LiDAR-data and vegetation registrations in the field 
show that, despite reasonably high grazing pressure, the open areas are colonized by 
birch and alder and that beech replaces oak in the ancient oak woodland. The larger 
part of the open land is dominated by coarse grasses, Calamagrostis epigeios and 
Molinia coerulea, which are substantially not fed upon by the deer, and which over 
time exclude light demanding plant species. Based on this evidence it has been decided 
to reduce the number of red deer and wild boar, discontinue present practice of 
supplementary feeding in winter and introduce other large grazers, at first European 
bison.  
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Unmanaged forest (i.e. previously managed forest left for natural development) 
develops key components for biodiversity which many taxa rely on, particularly 
saproxylic organisms. However, studies investigating soil-inhabiting organisms in 
unmanaged vs. managed forest are sparse, but needed in order to fully understand the 
potential of unmanaged for conserving biodiversity. Crane flies spend most of their 
larval stage as detritivores, and are primarily found in the soil. Crane flies are among 
the most common species of the European forest soil macrofauna in terms of 
abundance, biomass, and species richness [1], and thus represent an important part of 
the forest food web. Despite this, crane flies have been neglected in forest ecology and 
conservation studies. This study compared adult crane fly diversity in broad-leaved 
unmanaged vs. managed (clear and selection cutting) forest stands using a pairwise 
design in seven localities in eastern Denmark. Crane flies were collected using sweep 
nets, and structural and edaphic variables were measured in the plots to examine the 
relationship to crane fly community structure. A total of 4814 specimens representing 
101 species from 124 plots were found, and species richness and abundance were 
significantly higher in unmanaged forests. Likewise, species composition was 
significantly different between management regimes. The geographical location of the 
forest site and soil water content were important variables explaining most of the 
variation in species composition. 
 
[1] Frouz J. 1999. Use of soil dwelling Diptera (Insecta, Diptera) as bioindicators: a review of 
ecological requirements and response to disturbance. Agriculture, Ecosystems and Environment 74,1: 
167–186. 
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SYNCHRONISATION IMPORTANT IN A PRIMEVAL FOREST? 

 
Marta Cholewa1, Tomasz Wesołowski2 

 
1Department of Vertebrate Zoology and Anthropology, University of Szczecin, Wąska 13, 71-415 Szczecin, 

Poland; marta.cholewa@usz.edu.pl 
2Laboratory of Forest Biology, Wrocław University, Sienkiewicza 21, 50-335 Wrocław, Poland 

 

Knowledge of the nestling food composition is crucial for understanding the links 
between food resources and birds’ breeding seasons, both at the ultimate (adaptation of 
breeding seasons) and proximate (effects of mis-mismatch between food availability 
and nestlings’ requirements) levels. To date, the published data on the great tit’s Parus 

major breeding season and nestling diet have concerned populations breeding in nest 
boxes, usually in high densities, in habitats modified by humans, where the predation 
pressure was limited and the birds could benefit from anthropogenic food resources. 
As a result, factors that may affect the onset of breeding and composition of the 
nestling diet of great tits in natural conditions are mostly unknown. We studied the 
nestling food composition of great tits in relation to seasonally varying folivorous 
caterpillars’ availability in primeval conditions (Białowieża National Park, E Poland). 
We checked whether the birds synchronised the period of maximum food demand of 
their young with the caterpillar peak and whether the level of synchrony influenced the 
birds' breeding success. The caterpillars constituted the major nestling food source in 
the forest, yet mistiming was costly only for birds breeding too early the birds 
breeding past the caterpillar peak did equally well as the ones being synchronised. 
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Changes in contemporary forest ecosystems are often associated with global change 
drivers and human management. Forest management, introduction of alien species and 
global warming may irreversibly change forest ecosystems. In this study we ask: Are 
there any directional changes in the species composition of the understorey vegetation 
of the oak-lime-hornbeam forest communities in Białowieża Forest after 70 years? Are 
these changes linked to global change? To answer this question, we conducted 
research in the Białowieża National Park (BPN), where for the last 100 years human 
activity is limited and all processes take place in natural way. The research was carried 
out in the Strict Reserve of the BPN. In 2018 we resampled 77 semi-permanent plots 
originally sampled in 1949 by the prof. Władysław Matuszkiewicz and his team [1]. 
Methodology of phytosociological relevés used in both series of observations was the 
same, following Braun-Blanquet method. Plots were located in three types of oak-
lime-hornbeam forest: Querceto-Carpinetum stachyetosum (n = 22), Querceto-

Carpinetum typicum (n = 29) and Querceto-Carpinetum caricetosum pilosae (n = 26).  
The analyses revealed a significant directional change in the species composition of 
the forest floor vegetation with simultaneous homogenization of all surveyed plots. In 
2018 we observed a significant increase in the share of nitrogen demanding species, 
which indicates the ongoing eutrophication process of forest communities, which is in 
line with the increasing amount of nitrogen deposition reported by Malzahn [2]. 
 
[1] Matuszkiewicz W. 1952. Zespoły leśne Białowieskiego Parku Narodowego. Annales Universitatis 
Mariae Curie-Skłodowska, Supplementum VI, Sectio C, Lublin. 
[2] Malzahn E. 2004. Change direction of the air pollution level and climatic factors in the Białowieża 
Primeval Forest. Leśne Prace Badawcze 1: 55–85. 
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Multi-proxy high-resolution palaeoecological studies on peatlands enable detailed 
reconstruction of forest development under variable human impact. In this study, we 
focus on the Kazanie fen, located in Greater Poland near Poznań. The aims of our 
studies were to (i) reconstruct the vegetation changes along with the progressing 
human impact related to the Polish state development, (ii) identify intrinsic and 
extrinsic factors in the peatland development. We carried out pollen, plant macrofossil, 
charcoal, testate amoebae, selected non-pollen palynomorph (NPPs) analyses, 
supplemented by 14C AMS dating and historical sources. Preliminary results show a 
strong link between human impact and vegetation changes in the past. Oak-hornbeam 
forest, or a similar one, dominated between AD 1000 and 1700. It was replaced by a 
new forest type, dominated by Pinus sylvestris, associated with the increased 
agriculture pressure. Data show very intensive farming during the period of AD 1815 
to 1955 documented by the presence of cereal pollen in peat. A further decline in the 
Cerealia type percentages was probably related to a decline in agricultural activity 
during the Second World War. During the last 1000 years (especially in the last 300 
years) rapid trophic changes in the peatland ecosystem were identified and were 
connected with the economic development of Poland. The transition from vegetation 
typical of rich fen to one characteristic of poor fen took place ca. AD 1982.  
ACKNOWLEDGEMENTS. Research is financially supported from the funds of the National 
Programme for the Development of Humanities (Project: NPH012; PI: Piotr Guzowski). 
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Urbanization is a rapidly increasing global phenomenon, with 68% of the world’s 
population expected to live in urban areas by 2050 according to the UN. This 
expansion of urban land cover is associated with natural habitat loss and habitat 
fragmentation, as well as with an increase in abiotic and biotic stressors, which pose a 
pervasive threat to biodiversity worldwide. The availability of suitable nesting sites for 
secondary cavity-nesting birds, especially in the urban environment, is limited, due to 
a lack of large-diameter trees or the removal of dead or decaying trees as part of green 
management. Nest-boxes are thus playing an important role as a conservation tool for 
cavity-nesting birds, allowing them to breed in habitats lacking appropriate natural 
cavities. Nest-boxes have also provided researchers with detailed insight into the 
breeding biology and life-history traits of several species. Yet, nest-boxes may affect 
the social mating system, breeding success and population dynamics of cavity-nesters, 
which raises questions on the validity of nest-box studies and the usefulness of 
providing nest-boxes as a conservation tool.  
Here, we contrasted the breeding performance of pairs of great tits (Parus major) and 
blue tits (Cyanistes caeruleus) nesting in natural cavities in an urban forest with 
elements of primeval ecosystem, Las Bielański, within Warsaw, Poland, and in nest-
boxes located in the same study area. We present data regarding breeding densities, 
laying date, clutch size, and nesting success and productivity. 
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Forests harbor the highest species density of bats. But only a few small and isolated 
patches of European primeval forests are left, while other forest habitats are managed, 
not allowing natural processes and aging of tree stands. Therefore, knowledge about 
bats in near-natural forests in Europe is scarce. In the well-preserved forest stands of 
the Belovezhskaya Pushcha National Park in Belarus we studied (1) the bat 
community, (2) the presence of maternity colonies and their preference in tree roost 
selection and (3) parameters of roosts used by forest dwelling bats. By mist-netting 
surveys, we identified 13 bat species (out of 19 species verified for Belarus) and 
acoustic data suggested the presence of another three species. We detected 15 
maternity colonies of seven bat species by radio-tracking reproductive females and 40 
tree roosts within the forest. Nearly 40% of maternity roosts were in standing dead 
trees. Roosts of Barbastella barbastellus, Pipistrellus pygmaeus and Plecotus auritus 
were almost exclusively behind the loose tree bark of decaying trees, or within narrow 
crevices. Myotis nattereri and Nyctalus leisleri showed a preference towards hollows 
(e.g., woodpecker-made cavities) within oak trees (Quercus robur). Our study shows 
that all tree-dwelling bat species are highly dependent on natural processes within 
forests that allow the formation of roost sites. Therefore, we strongly support that the 
natural aging process of trees, as well as the consequences of natural disturbance (e.g. 
through weather), should be permitted. This should extend beyond the protected zones 
of National Parks. In contrast, sanitary cuttings decrease the habitat’s suitability for 
forest-dwelling bats. Finally, our results indicate that the cross-border Białowieża 
forest complex is one of the most important bat areas in Europe. 
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In the framework of a running LIFE project (LIFE4OakForests) we started the 
conservation-oriented management in four protected forest areas in Hungary and Italy. 
Five target Natura 2000 habitat types are dominated by Quercus petraea and Q. 

pubescens. Active management has been started on the 26 pilot sites and will effect 
altogether 2500 ha protected oak forests. First version of the forest management 
guideline is compiled for these dry and dry-mesic oak habitats on the basis of expert 
knowledge, several multilateral discussions in Hungary and Italy and the literature 
review. A management guideline was tested on a 34 ha oak dominated, structurally 
and compositionally homogeneous forest site in Hungary. Management actions 
included girdling of standing living trees, bark stripping of tree individuals, felling of 
trees to create downed woods, high stumps, and gaps in the canopy. Besides emulation 
of small-scale gap-dynamics, treatments aimed to mimic intermediate severity 
disturbances with the creation of larger gaps and high amount of residual structure. 
Microhabitats, like hanging barks and piles of branches were created to provide 
nesting, breeding, sheltering habitats for forest-dwelling species. A three-level 
monitoring protocol was developed, tested and the survey has been started in several 
pilot sites; a network survey to detect the changes at the stand level, a complete block 
design experiment to observe the effect of gaps and deadwood separately and together, 
and the survey of several taxonomic groups including carabids, bats, woodpeckers, 
xylophagous beetles, fungi and mosses. A national survey on old natural oak forest 
stands where management guidelines could be applied is also prepared for Hungary. 
National Forest Database is used to select sites based on stand age, naturalness and 
current protection status. 
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Significant increase of human activity during the last two centuries caused changes in 
peatland and forest ecosystem development. To assess the impact of hydrological 
changes, fire and pollution on these ecosystems, we carried out high-resolution, multi-
proxy palaeoecological investigations of two parallel peat cores (50 cm long) from a 
peatland located in Białowieża Forest (E Poland). This area, despite the negative 
impact of human activity, e.g. deforestation, fires, hunting over the past few centuries, 
still remains one of the best preserved forest ecosystems in Europe. We undertook 
high-resolution analyses (1-cm) of: i) plant macrofossil to reconstruct local plant 
succession and determine the present state of plant communities; ii) pollen to 
reconstruct plant succession and indicate phases of human impact reflected by the 
plant cover in peatland surroundings, iii) testate amoebae to reconstruct 
palaeohydrological changes at the peatland, iv) geochemical (non-destructive X-Ray 
fluorescence) analysis to reconstruct pollution and deposition of external material (e.g. 
dust), and v) macro-charcoal to infer fire history. The peat profile was dated using 
210Pb and 14C methods. In the bottom part of both cores, between ca. AD 1650 and 
1915, numerous macro-charcoals were found, indicating high fire activity in this 
period. Between AD 1910 and 1930 distinctive changes in local and regional plant 
succession took place. We documented disappearance of Sphagnum magellanicum in 
both cores that was replaced by Sphagnum fallax/angustifolium. At this time Picea 

abies played a more important role in the forest ecosystem, as its contribution to 
identified pollen increased from 7 to 17,7%. During the last three decades we recorded 
a decrease of trace metals such as Al, Pb, As and pollen indicated human activity.  
 

 



              

 

The conference supported by:  and  

OVERLOOKED BIODIVERSITY OF SPRUCE BARK-BEETLE ASSOCIATED 
MICROFUNGI 

 
Michał Gorczak, Kamil Kisło, Julia Pawłowska, Marta Wrzosek 

 
Department of Molecular Phylogenetics and Evolution, University of Warsaw, Żwirki i Wigury 101,  

02-089 Warsaw, Poland; gorczak@biol.uw.edu.pl 

 

Bark beetle outbreaks change forest in both large and fine scale inducing major 
turnover of species composition. Sudden increase of deadwood quantity drives the 
population of vast amount of saproxylic insects and fungi. Although relationship 
between bark beetles (Scolytinae) and various blue stain fungi is well studied, little 
attention was paid to other associated fungi.  
Here we report several new species of microfungi discovered during mycobiota survey 
of decaying phloem of Norway spruce (Picea abies) killed during recent spruce bark 
beetle (Ips typographus) outbreak in Polish part of Białowieża Forest. All newly 
described species are dependent on various microhabitats created by spruce bark beetle 
e.g. being directly associated with insect frass (Lecanicillium and Mortierella) or other 
microfungi (Pyxidiophora). This preliminary study highlights the complexity of 
species interactions in early stages of wood decay and indicate another hotspot of a 
hidden fungal diversity.  
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Inventory of ungulates is crucial for proper management of their populations. When 
ungulate densities are too high they may substantially affect natural forest 
regeneration. On contrary, ungulates are important as a food base for big carnivores. 
Research was carried out in Białowieża in the years 2011-2017, and included spring 
inventory or red deer, roe deer, moose and wild boar by drive counts and pellet group 
counts. Driving counts were done by employees of State Forests, National Park, 
students of forest technical college, and supervised by Forest Research Institute. Data 
was analysed by Forest Research Institute. Obtained results were compared to data 
collected in bases of Forest Research Institute so here data on ungulate density for the 
years 1995-2017 could be presented. Density of red deer in the middle of the 90s was 
approx. 25 ind./1000 ha and then started to rise reaching as many as 79 ind./1000 ha in 
2009. In the next years abundance dropped to 51 ind./1000 ha in 2017. Density of roe 
deer was low and declining. In 1995 it was 35 ind./1000 ha and in 2007 11 ind./1000 
ha. Abundance of moose on the basis of drive counts was difficult to estimate. In the 
years 2011-2017 its abundance was 39 to 217 individuals in the whole forest. Density 
of wild boar rose systematically reaching 67 ind./1000 ha in 2014. In the next years 
population abundance dropped severely to 3 ind./1000 ha in spring 2017. Results 
obtained on the basis of pellet group counts were similar to drive counts results. Pellet 
counts method is definitely cheaper and easier to conduct. 
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Within the project ‘Future Oaks’, we have established common gardens of 
Mediterranean oaks along an elevation gradient in Greece and at two plantations in 
Central Germany. This approach evaluates the concept of assisted migration of 
Mediterranean oak species to Central European forests and to higher elevations in 
Greek mountain ecosystems to maintain oak-dominated ecosystem functions including 
oak-associated biodiversity under future climate conditions. The OJIP fluorescence 
transient analysis is a helpful tool to monitor changes in the functionality of the 
photosynthetic apparatus of different close-related species during the vegetation 
period. It allows fast and easy measurements of a large number of plants, which is 
necessary in order to monitor huge plantations. The data permit conclusions regarding 
the overall fitness of the plants and the reaction to different stressors like drought and 
heat. Under natural stress conditions the different species and provenances will show 
different reactions of the chlorophyll fluorescence parameters. In the present study we 
evaluate the informative value of the OJIP parameters to assess the stress tolerance of 
the different oaks species and provenances under field conditions. Parameters like the 
performance index, a term combining three components associated with light 
capturing, could give indications on the physiological adaptations of the 
photosynthetic apparatus of the plants regarding abiotic factors, and thus the possible 
suitability for the establishment of saplings on the respective sites.  
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Climate driven abiotic disturbances have been showing an increasing frequency and 
severity in Europe’s forests in recent decades. To clarify the general factors that 
increase vulnerability of stands against wind disturbances we studied the recorded 
events from the last 50 years. First objective was to study the past and ongoing 
changes of wind disturbance regime in the Hungarian forests. Another objective was to 
unfold the disturbance drivers, particularly the role of tree species and site conditions. 
We used two datasets 1st is based on forest managers’ reports on damages aggregating 
yearly the number and area of the events by regions from 1962 to 2017. 2nd database 
has shorter time span (2006-2012), but the events are detected in a spatially explicit 
way. Geo-morphological, and soil related co-variables as a group of predictors were 
derived from high-resolution digital site maps. Wind disturbances showed very high 
variability in terms of their number and effected area between years, but increasing 
trend was detected with regression analysis in the last 50 years. The last two decades 
brought extensive, high severity disturbances. We used Generalized Linear Models to 
define the most important background variables. Tree species showed significant 
difference in their sensitivity for windthrow. Age class, and stand height also 
correlated with damage severity. Forests at higher elevation on steep upper slopes 
standing on shallow soils suffered from severe damages. Pinus sylvestris plantations 
on shallow and light textured soils of lowland areas were hit frequently, underlying 
that not site-adaptive species particularly even-aged plantations are extremely wind 
prone ecosystems. Native species (Fagus sylvatica) stands showed sensitivity for wind 
disturbance on shallow soils of steep slopes and on relatively high elevation. 
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The red-breasted flycather Ficedula parva and the collared flycather Ficedula 

albicollis are two rare species of flycatchers found in European forests. Both species 
occur more frequently in mature deciduous stands and in the Białowieża Forest they 
are numerous breeding birds. In some parts of this forest complex they reach very high 
densities, thus we attempted to analyze what factors (characteristics of the forest type 
and protection regime) affect abundance of these two flycatcher species. 
The study was conducted in 2016-2018 on 13 transects (2.5-8.5 km), of the total length 
62.4 km. Forest types were categorised into three main categories: coniferous, oak-
hornbeam and ash-alder stands, according to their productivity and humidity. Three 
transects were located in the strict reserve of the Białowieża National Park (highest 
protection status), four in north part of the Białowieża National Park (intermediate 
protection status) and six in managed stands of the Białowieża Forest District (lowest 
protection status). Within managed stands some transects were located in nature 
reserves with broad-leaved forests. Every year 5 controls were carried out and singing 
males were recorded. For each homogenous transect sections, in terms of habitat type 
and protection regime, index of abundance (number of singing males per 1 km) was 
obtained. 
We compared indexes of flycatchers abundance in different habitats and between 
stands under different protection regimes. Finally, we discussed the value of protected 
areas for these species. 
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The European robin Erithacus rubecula is a common and widespread species in 
Europe and parts of Asia. Well known facts about the robin's breeding biology comes 
from human-transformed habitats, where it is hard to observe the bird’s behavior as a 
result of natural adaptations. Białowieża National Park (BNP) is the only place where 
we can learn the primeval features of this species. 
In our thesis we focus on the original features of the European robin in primeval forest 
conditions. Nest-sites characteristics of this species in BNP were compared to those in 
transformed environments. 
The study was conducted in 2016-2018 on the three sample plots, in the strict reserve 
in BNP. Sample plot choice had been dictated by consideration of main forest’s types, 
diverse structure and location. Firstly, birds were individually marked with coloured 
rings and numbers of pairs and on sample plots were evaluated by direct observation. 
Searching for nest was carried out at every stage of breeding. Location and several 
parameters of nest-site (nest height above the ground, species of tree and tree state) 
were determining. Tree-hole nests were characterized also by shape and dimensions of 
entrance and a hole. Data from literature comes from different part of Europe and 
concerns also other subspecies. The only data on the robin nest sites comes from Great 
Britain, Russia and Ukraine.  
Data collected in BNP in comparison to literature indicate that in the primeval 
conditions robin nests are placed more often in tree-holes, moreover most of nests 
were located higher than in transformed areas. 
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Being able to assess the spatial scale of animals’ habitat requirements is essential for 
effective conservation measures. Remote sensing technologies provide a useful means 
to link a species habitat use and demography to habitat features in both time and space. 
One such technology, airborne laser scanning (ALS), has been especially useful in 
forested landscapes and in connection with the conservation of birds [1]. In this study, 
we aim at explaining reproductive success and nest site selection in the Siberian jay 
using an ALS metric representing understorey vegetation density in interaction with 
the risk of nest predation, represented by the distance to the closest human settlement. 
The Siberian jay is regarded an indicator species for a number of taiga specialists of 
conservation concern and has shown strong local decreases during the past decades 
[2]. Our results show that the probability of successful reproduction is highest in open 
forests, under low risk and lowest in open forests under high risk of nest predation. 
Reproductive success was independent of the risk of nest predation in dense 
understorey forests. Our results show that understorey vegetation within 100 m 
surrounding the nest is important for reproductive success. Siberian jays selected for 
open nest sites in otherwise dense forests at low predator activity, but where otherwise 
opportunistic. Our results describe presumably a trade-off between microclimate, food 
availability and nest concealment from nest predators, consistent with previous studies 
and life-history theory [3]. We discuss how this study can help explain population size 
developments during the past half century in Sweden and Finland, and give suggestion 
on forest vegetation management. 
 
[1]Davies, A.B. & Asner, G.P., 2014. Advances in animal ecology from 3D-LiDAR ecosystem 
mapping. Trends in Ecology and Evolution, 29(12), pp.681–691. 
[2]Niemi, G. et al., 2010. Conservation Ecology: Ecological Sustainability of Birds in Boreal Forests. 
Conservation Ecology, 2(2), pp.1–23. 
[3]Eggers, S. et al., 2006. Predation risk induces changes in nest-site selection and clutch size in the 
Siberian jay. Proceedings. Biological sciences / The Royal Society, 273(1587), pp.701–6. 
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We focused on the evolution of soil properties in the forests, which have formed on the 
sites of former vineyards in the study area abandoned in the late 19th century, when 
they were strongly impacted by the phylloxera epidemic, and the vineyard area has 
significantly reduced here. These forests are usually dominated by oak (Quercus 

petraea agg.) and mostly have formed spontaneously. Soils were affected here 
strongly by former management. Soil horizon was modified by deep-ploughing before 
vineyard establishment and was deprived of stones. Vineyards were maintained 
without vegetation cover and this, together with orientation of the plant rows along the 
fall line, promoted erosion. Following soil properties are addressed here: aggregate 
stability, pH and COx content. Five sampling sites were chosen. Of them, three were 
former vineyards on the various bedrock, and two were located in natural forests 
(reference sites). The organic carbon content in surface Ao horizon is very high in 
almost all samples. In deeper horizons of climax forest soils we found high values of 
Corg, while these were low and very low in Akm horizon. The climax forest soil texture 
is determined by the bedrock, but in in the former vineyards is clearly influenced by 
long-term management. The values of the soil aggregate stability found in the former 
vineyards (80%, 85% and 86%) are comparable with those in the climax forest (88% 
and 90%). Upper horizon porosity of all sites is about 60%. This value is decreasing in 
the deeper parts in the former vineyards. Conclusion is that former vineyard land use 
has left still identifiable traces, which, however, are mitigated over time in most of 
parameters. 
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Species-specific accumulation of soil-borne plant pathogens in the close vicinity of 
adult trees can increase density- or distance dependent mortality of conspecific relative 
to heterospecific seedlings [1]. Such negative plant-soil feedbacks (PSF) have been 
shown to shape species abundance at the community level in different forests and 
grasslands [2] and thus promote plant diversity on an ecosystem level. Whether this 
concept is restricted to some geographic regions or associated with certain plant traits 
is still under investigation and there is no clear consens yet [3]. In this doctoral thesis, I 
look for general patterns in tree-soil interactions in different forests in Europe and on 
different organisational stages (species, populations, individuals) The four key 
questions are: 1) Is there general support for PSFs in different temperate forests and if 
so, can these feedbacks help to explain community characteristics (species 
composition, species abundance) in forests? 2) Do PSFs for certain species change 
across sites and if so, can such differences be explained by environmental differences? 
3) Do PSFs differ within species at the same site? 4) How does forest tree-diversity 
affect the PSFs? 
These questions are tackled by a combination of different multispecies experiment 
under controlled greenhouse conditions, as well as common garden experiments.  
 
[1] Janzen D.H. 1970. Herbivores and the number of tree species in tropical forests. The American 
Naturalist 104: 501–528. 
[2] Mangan S.A., Schnitzer S.A., Herre E.A., Mack K.M.L., Valencia M.C., Sanchez E.I., Bever J.D. 
2010. Negative plant-soil feedback predicts tree-species relative abundance in a tropical forest. Nature 
466: 752–755.  
[3] Comita L.S., Queenborough S.A., Murphy S.J., Eck J.L., Xu K., Krishnadas M., Beckman N., Zhu 
Y., Gómez-Aparicio L. 2014. Testing predictions of the Janzen-Connell hypothesis: a meta-analysis of 
experimental evidence for distance- and density-dependent seed and seedling survival. The Journal of 
ecology 102,4: 845–856. 
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Climate change will exaggerate drought periods in Europe and will challenge natural 
forest structures. Assisted migration and breeding projects are approaches to preserve 
forest structures by introducing more drought-tolerant genotypes to endangered areas. 
Since forest trees have a long generation time and a rapid environmental change is 
predicted for the next century, a targeted selection of parental trees and future climate-
suited offspring in breeding nurseries could reduce time exposure, costs and risks of 
such projects. To facilitate selection procedures of drought-tolerant genotypes, 
markers for drought stress resistance must be identified. 
In our project, we aim to identify drought stress resistance markers in different oak 
species. Therefore, a drought stress experiment was conducted with three 
economically important European oak species, Q. ilex, Q. pubescens and Q. robur that 
show declining adaptation to drought. To identify candidate drought stress resistance 
genes in the three species, an RNA-Seq analysis was conducted in leaf material in a 
first step. Expression profiles of candidate genes were monitored over the course of the 
two-year drought stress experiment by RT-qPCR technique. Results will be shown for 
a selected set of functional genes that are part of drought stress response and that are 
regulated differently in the oak species (e.g. glucose-6-phosphate/phosphate 
translocator, STP 13, cytochrome p450, nucleoredoxin, phenylalanine ammonia-
lyase). 
The gene expression profiles from the RT-qPCR experiments and the sequence data 
from the transcriptome analysis will later be used to develop SNP-based assays for fast 
assessment of drought resistance markers for screening procedures during regeneration 
approaches of oak forests, aiming to enhance their resilience towards climate change-
associated stressors. 
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Riparian mixed forests of Quercus robur, Ulmus spp. and Fraxinus spp. along the 
great rivers are valuable communities protected by EU Habitat Directive. In natural 
conditions their stands are located in the floodplains within the range of episodic 
inundations. Nowadays, they are quite rare in Europe, as well as in Poland [1]. Their 
fertile habitats were in the majority deforested long ago, drained and changed into 
grasslands or arable lands. Additionally, a great part of their habitats has lost their 
specific features as a result of drainage, regulation of river-bed and primarily 
construction of river embankments. To find restoration priorities we should recognise, 
which ecosystem components have been changed and how it has influenced its 
ecological and biological functioning. The concept of ecosystem services has a great 
potential in adding value to current conservation approaches [2]. The ecosystem 
degradation can limit its functions, affect its ecological potential and services. The aim 
of the research was to quantify relationships between degradation of riparian mixed 
forests and their potential to provide selected regulating services: C-storage, 
maintenance of soil fertility, biological control, pollination, climate regulation and 
pollution control. The research was conducted in riparian mixed forest located in the 
middle Vistula river valley, representing forests with favorable and unfavorable status 
determined according to guidelines of natural habitat monitoring. 
 
[1] Sienkiewicz J., Kloss M., Grzyb M. 2001. The floodplain forest ecosystems in Poland. In: Klimo 
E., Hager H. (Eds.) The floodplain Forests in Europe. The Netherlands Brill, Leiden: 249–267. 
[2] Maes J., Paracchini M.L., Zulian G., Dunbar M.B., Alkemade R. 2012. Synergies and trade-offs 
between ecosystem service supply, biodiversity, and habitat conservation status in Europe. Biological 
Conservation 155: 1–12. 
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The occurrence of elm trees Ulmus spp. is limited mainly to the temperate zones of the 
Northern Hemisphere. Currently, we can find about 30 species of genus Ulmus in the 
world, with three species native to Poland: wych elm Ulmus glabra, field elm U. 

minor, and European white elm U. laevis. In the last century two enormously 
destructive pandemics of Dutch elm disease, caused the death of majority of mature 
elms across vast areas of the Northern Hemisphere. The aim of the study was: The 
analysis of the intensity of the elm dying process in the oak-lime-hornbeam stand with 
primeval origin. Research were conducted in the Białowieża National Park (BNP), 
situated in the Białowieża Forest (E Poland). The study plot (25.5 ha) was located on 
the edge of BNP. The study plot was dominated by oak-hornbeam-lime stands, with an 
admixture of Norway spruce Picea abies, elms Ulmus spp., European ash Fraxinus 

excelsior, aspen Populus tremula, Norway maple Acer platanoides. We measured the 
DBH of all elm trees within 24 randomly selected squares of 50 m each side. 
Measurements were repeated successively in 1997, 2003, 2009 and 2015 within the 
same sample plots. Alive trees were identified to the species while standing dead and 
fallen logs were recognized to the genus level. All dead were measured and 
characterized more detailed. The number of living elms decreased significantly 
between 1997 and 2009 (p < 0.001), and then stabilized in 2015. The most significant 
differences were shown for the trees with DBH 1-40 cm while the number of thicker 
trees was stable. We did not found significant differences between number of dead 
elms. There were also no differences in the cross-sectional area of live and dead trees. 
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The assessment of diversity of macromycetes species of the Białowieża Forest (BF) is 
still under way. Based on previous research, it can be concluded that this forest hosts 
at least 2000 species of macromycetes. This number includes species unique in the 
scale of Poland, Europe and the World, such as Amylocystis borealis, Antrodiella 

foliaceodentata, Gloeocystidllium sibiricum, Phellinus ferrugineofiscus, Postia 

minusculoides, Pycnoporellus alboluteus [1]. Several species were described from the 
BF as new to science, e.g. Dentipratulum bialoviesense, Dichomitus albidofuscus and 
Hebeloma aanenii. Noteworthy is the high number of species (c. 50%) considered 
rare, threatened or endangered. This group includes species protected by Polish law, 
species from the national red list and species known only from this area or those 
reported from very few localities in Poland. The number of species associated with 
dead wood is particularly high, stressing the importance of non-intervention 
management to fungal diversity. Among them, a group of polyporoidal fungi stands 
out: the BF hosts at least 53% of European species from this group [1]. 
We expect that species richness of macromycetes in Białowieża Forest is much higher 
than the up-to-date number. The annual exhibitions of mushrooms, organized in 2012-
2017, with only about one week workload, yielded in total 865 species, including 239 
not previously reported from the BF. Therefore, it is necessary to continue research on 
diversity of fungi in BF in a comprehensive way to allow identification of areas of 
particular importance for their conservation, identification of threats and developing a 
program of conservation and monitoring of at least the most valuable species. 
 
[1] Karasiński D., Wołkowycki M. 2015. An annotated and illustrated catalogue of Polypores 
(Agaricomycetes) of the Białowieża Forest (NE Poland). Polish Botanical Journal 60,2: 217–292. 
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Białowieża Forest is distinguished by a very rich lichen biota and the occurrence of 
species that are considered extinct in other regions of Poland. This extensive and the 
most natural forests complex in lowland Europe is a place where several undescribed 
species of lichens have been found. Four of them have been already described, i.e. 
Inoderma sorediatum [1], Micarea soralifera [2], Lecanora stanislai [3] and 
Loxospora cristinae [4] using morphological, chemical and molecular data. Few more 
will be described in forthcoming papers. All those, except two (i.e. I. sorediatum and 
still unnamed Micarea species), are not unique to the area of Białowieża Forest, 
however, many of them are known from very few records outside this region and so 
far Białowieża Forest is the only forest complex where all of them occur together. This 
underlines the importance of Białowieża Forest for the protection of lichen diversity. 
 
[1] Ertz D., Sanderson N., Łubek A., Kukwa M. 2018. Two new species of Arthoniaceae from old-
growth European forests, Arthonia thoriana and Inoderma sorediatum, and a new genus for 
Schismatomma niveum. Lichenologist 50: 161-172.  
[2] Guzow-Krzemińska B., Czarnota P., Łubek A., Kukwa M. 2016. Micarea soralifera sp. nov., a 
new sorediate species in the M. prasina group. Lichenologist 48: 161–169. 
[3] Guzow-Krzemińska B., Łubek A., Malíček J., Tønsberg T., Oset M., Kukwa M. 2017. Lecanora 

stanislai, a new, sterile, usnic acid containing lichen species from Eurasia and North America. 
Phytotaxa 329: 201-211. 
[4] Guzow-Krzemińska B., Łubek A., Kubiak D., Ossowska E., Kukwa M. 2018. Phylogenetic 
approaches reveal a new sterile lichen in the genus Loxospora (Sarrameanales, Ascomycota) in 
Poland. Phytotaxa 348: 211-220. 
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In this contribution we describe activities of Regional Association for Nature 
Conservation and Sustainable Development (BROZ) within the project LIFE16 
NAT/CZ/000001: Optimalization of Natura 2000 sites management delivery in the 
South Bohemia Region and the territory of South Slovakia with aim to improve the 
conservation status of habitat Alluvial forests with Alnus glutinosa and Fraxinus 

excelsior (91E0*), as well as to develop and replicate optimal methods of their 
management on selected Natura 2000 sites. The main causes of the threat to these 
forest habitats include the modification of the Danube river water regime, intensive 
forest management and planting of non-native tree species, biotope fragmentation, 
destruction of riparian forests and invasion of non-native species. Therefore, 
restoration of tree composition and removal of invasive species are among the most 
important management measures. To follow the project aims, there will be planted 
young seedlings of native tree species on the project sites. It will be conducted by 
several ways: 1. Planting of groups of native tree species in the plantations of non-
native trees, especially those with hybrid poplars. 2. Planting of whole forest stands by 
native trees on the areas where non-native trees were logged and removed. 3. Planting 
of single valuable tree species into forest stands to increase the overall species 
diversity. Removal of invasive plant species will be implemented on the most 
threatened sites. These include Amorpha fruticosa, Fraxinus americana, F. lanceolata, 
F. pennsylvanica, Ailanthus altissima, Negundo aceroides, Buddleia davidii, Asclepias 

syriaca, Robinia pseudoacacia and partly also on Fallopia japonica and F. bohemica. 
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Epiphytic lichens are sensitive bioindicators responding to climate change and 
atmospheric pollutants. Changes in lichen biota caused by climate warming have been 
reported from Western and Central Europe, therefore similar trends in the biota of the 
Białowieża Forest were expected. We based our study on 144 permanent plots in the 
Białowieża National Park first sampled in 1987-1989 and resampled 2015-2016 with 
the same field method. In two time intervals the functional epiphyte groups: climate 
warming indicators and Wirth’s ecological indicators for lichens (T – temperature, N – 
eutrophication, R – reaction, M – moisture) were analysed. When compared with the 
earlier survey, a higher plot species richness, Shannon-Wiener diversity index, and 
proportion of more nitrogen-demanding lichens, and lower proportions of warm 
demanding and high-acidity tolerant lichens were found. We did not detect any change 
in the epiphyte biota composition driven by the decreasing atmospheric precipitation. 
The species richness and Shannon-Wiener index of climate warming indicators did not 
show a significant change. The observed changes in the species composition of lichen 
biota and the frequency of species appeared to be not related to the air temperature 
increase, but more likely are connected with eutrophication and a decrease in sulphur 
deposition. Our results suggest that large size of the Białowieża Forest (c. 1500 km2), 
its continuous canopy cover and lack of silvicultural activities in the core area of the 
National Park ensure internal stability, buffering the warming effect despite the 
regional increase in mean annual temperatures measured outside of the forest canopy. 
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 The Roztoczański National Park includes one of the largest well preserved 
tracts of primeval upland forest in Central Europe [1]. In these forests four a 0,5-ha 
permanent study plots were established in 1968 in three types of forest communities. 
These study plots have been re-measured four times [2,3].  

European beech is the most dynamic tree species, showing a systematic increase 
of its share according to the number of trees and basal area in all investigated stands. 
The highest increase occurred in Querco roboris-Pinetum forest association. 
Currently, this species shows the highest recruitment rates, couple with low mortality 
and low levels of damage from ungulate browsing. With the exception of Querco 

roboris-Pinetum association, Silver fir showed a systematic decrease of its share, both 
with regard to the number of trees and basal area. Since 2003 in the Querco roboris-

Pinetum association fir revealed a small increase according to the number of trees as a 
result of recruitment of young firs into the canopy layer. In the tree stands growing in 
more fertile habitats of Dentario glandulosae-Fagetum a clear decline in the 
abundance of fir, along with increase of broadleaved species like beech and hornbeam 
is visible. European hornbeam developed well in Dentario glandulosae-Fagetum and 
Abietetum polonicum forest communities. Very much like beech, also hornbeam 
currently shows the highest regeneration dynamics. Measurements conducted after 
2003 showed a slightly downward tendency of hornbeam share among the canopy 
trees mainly as a result of competition with beech. 
 
[1] Sabatini F.M., Burrascano S., Keeton W.S., Levers C., Lindner M., Pötzschner F. et al. 2018. 
Where are Europe’s last primary forests? Diversity and Distributions 24: 1426–1439. 
[2] Szwagrzyk J., Szewczyk J., Maciejewski Z. 2012. Shade-tolerant tree species from temperate 
forests differ in their competitive abilities: A case study from Roztocze, south-eastern Poland. Forest 
Ecology and Management 282: 28–35. 
[3] Maciejewski Z., Szwagrzyk J. 2011. Long-term changes in stand composition of natural forest 
associations on the Roztocze highlands (eastern Poland). Polish Journal of Ecology 59: 535–549. 
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Habitat fragmentation, i.e. its reduction into small isolated remnants, is expected to 
decrease genetic diversity within local populations, strengthen diversification between 
populations, increase spatial genetic structure (SGS) and inbreeding through potential 
aggregation of reproductive individuals and non-random mating. Using SSR loci, we 
investigated spatial pattern of genetic diversity and effects of habitat 
reduction/continuity on the hermit beetle Osmoderma barnabita, a beetle protected by 
EU’s Habitat Directive. The species is strictly associated with tree hollows and it is 
suspected to be vulnerable to habitat fragmentation due to low dispersal abilities. In 
this study, we compared SGS in two regions: (1) Białowieża Forest in which the 
species occurs in a continuous manner throughout the whole forest complex and (2) 
area in N Poland where the beetle inhabits a strongly fragmented habitat in the form of 
avenues. In agreement with predictions, we found that (1) genetic diversity was 1.7 
times higher in continuous Białowieża population, (2) SGS was more intensive in 
fragmented avenue population. Contrary to expectations, we found (1) no significant 
differences in inbreeding between regions, (2) no differences in SGS between sexes in 
both regions, (3) surprisingly low level of differentiation between regions separated by 
300 km, as indicated by low Fst value (0.03) and STRUCTURE and DAPC clustering 
which were unable to clearly separate individuals from both regions. 
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Abundance of invasive trees, furthermore Morus alba and Juglans regia, two 
presumably invasive ones in this region were surveyed in three habitats of Community 
Interest: alluvial forests with Alnus glustinosa and Fraxinus angustifolia (91E0), 
Riparian mixed forests (91F0) and Illyrian oak-hornbeam forests (91L0) using the 
Hungarian Natura 2000 forest habitat monitoring method. Total relative dominance of 
invasive tree species decreased with decreasing water supply (5.6; 3.0; 1.4%, 
respectively). In 91E0, Acer negundo’s share amounted to 4.4%, only slightly less than 
that of natural subdominant species (F. angustifolia and Ulmus laevis). It is already an 
established lower-canopy species with even higher values in the regeneration layers, 
where it is more dominant than any other tree species. In the regeneration layer J. 

regia and F. pennsylvanica have lower, but remarkable dominance values too. M. 

nigra and J. regia were present in the same quantities as accepted invasives e.g. F. 

pennsylvanica and Ailanthus altissima. In 91G0, Morus alba proved to be the most 
abundant among invasives, followed by J. regia and Robinia pseudacacia; other 
accepted invasives has lower values. In the regeneration layer the relatively high 
proportion of Acer negundo and F. pennsylvanica may be a warning sign of their 
future invasion. Floodplain Illyrian hornbeam-oak forests (91L0) proved to be less 
invaded, primarily by R. pseudacacia (all layers), J. nigra and F. pennsylvanica, but 
M. nigra and J. regia were also present sporadically. 
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In the northern foreland of the Świętokrzyskie Mountains specific remnants of former 
iron-ore extraction occur. I present the role of these anthropogenic habitats in 
preserving the mesophilous ancient forests. The studies, which took place in 2010–
2015, covered 30 former post-mining fields in the northern foreland of the 
Świętokrzyskie Mountains. Each field contains the remnants of old iron ore mining – 
gob piles and the areas not transformed by mining, which surround the heaps. I 
analyzed the floristic composition of 100 phytosociological relevés made in the gob 
piles and 100 relevés made in their surroundings. Additionally, 60 samples of substrate 
taken in the study area (30 from the gob piles and 30 from the non-transformed sites) 
were analysed for pH in H2O. I found that gob piles are habitat islands (higher pH 
values) for the mesophilous deciduous forests (e.g. oak-hornbeam forests, fertile beech 
forests) among non-transformed areas (with low pH values) where acidic communities 
developed (acidic beech forests, acidic coniferous forests). In mesophilous island 
communities growing on gob piles a considerable increase in the number of ancient 
woodland species characteristic of the Querco-Fagetea class in comparison with 
communities of non-transformed areas were noted. This difference was as significant 
that can impact on local biodiversity. My research suggested that former mining 
activity exerted a positive influence on the biodiversity in forested areas, improving 
the quality of soils and creating ‘island habitats’ for fragments of mesophilous ancient 
forests with ancient woodland species (gob piles are the only habitats where these 
species could survive) among acidic communities growing in the non-transformed 
areas. 
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The hemiboreal zone represents the transition between temperate nemoral forests and 
northern boreal forest, where nemoral species like pedunculate oak Quercus robur are 
close to their northern range limit. Most of the broadleaved tree forest area in Latvia 
was lost to arable land several centuries ago and the remnant patches of nemoral 
broadleaved forest are small and spatially scattered. Our aim was to determine 
relationship of broadleaved stand occurrence with soil properties, climatic conditions 
and past land management in Latvia. Our study area was the entire territory of Latvia 
(64,589 km2), divided into 16 landscape regions. We used the State Forest Inventory 
database to filter out all stands dominated by Q. robur, Fraxinus excelsior, Tilia 

cordata, Ulmus glabra and U. laevis. Spatial aggregation of the stands was tested by 
multi-distance spatial clustering analysis (Ripley’s K method) and Mean stand area 
and Euclidean nearest neighbour distance for stands were calculated for landscape 
regions. The spatial pattern of broadleaved forest stands was clustered, i.e. 
significantly different from random distribution (p<0.05). Higher densities in of Q. 

robur stands occurred in landscape regions with milder maritime climatic conditions. 
In addition, in the landscape regions Rietumkursa, Austrumkursa and Rietumzemgale, 
the abundance of Q. robur stands coincided with high densities of past manor houses. 
Thus, establishment of the Q. robur stands responded to suitable conditions (open 
canopy) made available for tree colonization during the land reform that occurred 100 
years ago. Our results suggest that priority for conservation should be given to spatial 
aggregations of broadleaved forest stands with high connectivity and on richer soils. 
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Only 5.5 % of the forests in Denmark are unmanaged. To support the biodiversity in 
Danish forests, it is foreseen that the area with unmanaged forests or forest managed 
for biodiversity will increase in the future. Identifying the key elements that 
characterize management practice and how they relate to biodiversity can aid 
development of prioritization plans for the designation of unmanaged forest areas. The 
present study compared key forest structures, ground vegetation and tree regeneration 
of 17 managed and unmanaged beech (Fagus sylvatica) forest stands in a (near) 
pairwise design. Managed forest stands are classified in two groups: intensive 
management and selective forestry. We found that intensively managed forests 
matched unmanaged forests in regard to biomass, tree density and tree volume 
whereas key factors for biodiversity such as the amount of dead wood and the 
structural heterogeneity were higher in unmanaged forests. Understory vegetation 
related to more acidic soil and light measured as Ellenberg indicator values were more 
prominent in intensively managed forests. Selective forestry stands reduced the impact 
of intensive forest management and unmanaged forests were darker and more dense. 
They had a gap structure with about 1% open gaps, which was significantly less than 
in intensively managed forests. Regeneration differed between tree species with beech 
seedlings and saplings dominating in the dry part of the forests and pedunculate oak 
(Quercus robur) in the wetter areas together with sycamore (Acer pseudoplatanus). It 
is too early to predict the general trend for most species, but oak showed no sign of 
recruitment in any of the forests despite major disturbances in the last decades. Small 
seedlings were present, but no regeneration with a height >1.3 m was present. 
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In temperate and boreal forests, the springtails (Hexapoda) are one of the most 
numerous soil microarthropods engaged in organic matter decomposition and nutrient 
cycling. The large number of collembolan species occurring in litter and soil 
contribute essentially to biodiversity of forest ecosystems. Clear-cutting with the 
removal of biomass and subsequent site preparation prior to tree planting have a long 
lasting detrimental effects on diversity and abundance of soil fauna. The effects of 
natural forest regeneration on soil communities were not studied, because spontaneous 
development of trees on clearing in central Europe hardly ever took place on plots 
bigger than gaps.  
The Collembola communities of birch stands naturally regenerating on the area of 
large-scale clear-cutting done in Białowieża Forest in the years 1916-29, were 
compared to communities of old-growth stands in managed forests and to Strict 
Reserve of Białowieża N.P. to answer the following question: Do seven decades of 
spontaneous forest development after large-scale anthropogenic disturbance lead to 
complete restoration of soil collembolan communities?  
Ordination of communities by multidimensional scaling expressed by Bray-Curtis 
index reveal clear differences in species composition and species abundance between 
naturally regenerated birch stands and old-growth deciduous forests. The main result 
of large-scale clear-cutting is the impoverishment of collembolan communities. The 
species of narrow biogeographical ranges, i.e. European and boreal-alpine, were the 
most affected and in result, collembolan communities of birch stands show higher 
homogeneity than soil fauna typical of deciduous old-growth forests. Therefore, seven 
decades of spontaneous forest regeneration is too short to heal the soil fauna depletion 
made by large-scale clearing.   
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In Western and Central Europe not touched by forestry woodlands survive only in 
remote areas. Quite surprisingly the first scientific descriptions of primeval forest in 
Europe comes from Silesia and Czech Republic – a densely populated, well-developed 
areas with intense agriculture. The description was made in 1868 by Professor 
Heinrich Göppert, a director of Botanical Garden in Wrocław, Silesia. The ‘Skizzen 
zur Kenntnis der Urwälder Schlesiens und Böhmens’ described the best preserved and 
untouched by forestry woodlands. Some of the forests had been protected and 
excluded from management before middle of 19th century. There were various 
motivation to protection: from romantic love to nature, through touristic attraction to 
protection of upper forest range in mountains. After the II World War, they have been 
under state nature protection system as nature reserve and parts of National Park. The 
forest ‘survived’ the era of intense forest management and began to be protected, being 
an unusual example how nature can be protected even surrounded by large towns and 
numerous human population. However, at the end of 20th century they have been 
irreversibly damaged by forest administration. The forests were destroyed with all 
permission from nature protection authorities in order to protect against bark beetles 
outbreaks. Recent perspective proves that this protection basing mostly on intense tree 
cutting and logging was unnecessary and irreparable break the continuity of 
spontaneous processes which occur in this areas since thousand years. This is a lesson 
on how the lack of knowledge and misunderstood help can destroy almost two 
hundred years of careful efforts. 
 
[1] Göppert H.R. 1868. Skizzen zur Kenntnis der Urwälder Schlesiens und Böhmens. von E. 
Blochmann & Sohn, Dresden. 
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The European bison (Bison bonasus) is the largest free-ranging mammal in Europe, 
and a symbolic species of Poland. The restitution of the species started in Białowieża 
forest and the species is one of the major tourist attraction of the Białowieża National 
Park. As the sizes and ranges of the populations have expanded in several locations 
within Poland, increasing frequency of human-bison interactions emerges as an urgent 
issue to be considered in conservation of the species. On the one hand, free-ranging 
bison is a new opportunity for tourism; on the other hand it poses challenges related to 
safety of both tourists and the species. Another challenges are management approaches 
– eliminations and dislocations of bison – that receive emotional response from the 
general public. In this context, tourism is important for shaping public attitudes and 
preferences toward bison and its conservation strategies.  
The majority of tourists experience bison in ‘show and breeding’ reserves. Those 
‘show and breeding’ reserves differ in educational goals, methods and exposition of 
bison. Differences among the reserves are likely to correspond with differences of 
tourists’ experiences and emotions felt during visits, further influencing their 
behaviour and attitudes towards the species and its conservation. 
This study is based on 700 questionnaires collected in eight show and breeding 
European bison reserves in Poland. The study explores visits in a reserve as a 
memorable tourism experience, connectedness to nature through experiencing bison, 
emotions towards bison, preferences towards various management methods and 
perception of the species. In the future the data will be compared with study of tourists 
experiencing bison in the wild, but currently this part of the project is still undergoing. 
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The aim of the study was to characterise changes in the regeneration of forest – natural 
forest regeneration of the Las Bielański reserve. The purpose of protection is to 
preserve the social and landscape values of the Las Bielański, including the fragment 
of the Vistula escarpment. Total area of Las Bielański is 151.82 ha, where area of the 
reserve – 132.5915 ha. In the Las Bielański there is also Natura 2000 PLH140041 “Las 
Bielański” with an area of 129.84 ha. 
The measurements were carried out in 5 years period start in 1992. Last measurement 
was in 2017 on 152 permanent sample plots, which are systematically distributed 
throughout the Las Bielański. During those 25 years, the volume of merchantable 
timber and the tree density fluctuated only slightly. Description of the forest 
regeneration was presented on the basis of: the tree density, the sum of their height, the 
tree species composition. 
The most numerous species were: maple, hornbeam and sycamore. Regeneration 
condition was considered good. All together main three tree species growing in the Las 
Bielański progressed from the regeneration layer to the canopy layer in significant 
numbers. As a result, a gradual decrease in species diversity of forest stands may be 
expected. 
Repeated measurements during a relatively short period of time allowed the detecting 
some fairly quick changes occurring in protected urban forest. 
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In 2014 catastrophic glaze storm occurred in the Börzsöny Mts., Hungary. Most of the 
affected forests are Natura 2000 sites and managed for timber production (salvage 
logging was applied). Our aim was to investigate the effects of the ice storm and the 
salvage logging in the herb-, and regeneration layers. 
Data were collected partly by a new forest state assessment methodology that were 
developed to complement existing conservation and forestry data. The 500 m² plots 
were laid out along a dense (1-2 plots/ha) systematic sampling grid. We collected data 
only about the mentioned layers in 358 sampling points from those sites where 
maximum 25% of the trees uprooted (moderate damage). We separated the logging 
techniques as (i) logging with heavy machines, (ii) horse- and (iii) human power; (iv) 
no logged areas, as a reference; and the (v) Pogány-Rózsás Forest Reserve (which has 
been unmanaged for some decades) as an absolute reference. 
In another part of our study we investigated the severe damaged sites (more than 50% 
of the trees uprooted). We studied the cable crane and harvester caused trails 
surroundings with the following methods: we laid 16 perpendicular transects to the 
trails and in every 2 meters 2 pieces 0.5 m2 (altogether 366) plots were sampled. We 
collected data about the soil disturbance, herbaceous cover and counted the sapling 
individuals. 
We found that logging with heavy machines could generate soil compaction and more 
severe damage in the saplings and could contribute to the higher increase in the cover 
of nitrophilic herbs, than the traditional logging techniques. Compared with the 
managed forests, the effects of ice break were slightly less serious in the Reserve. The 
results of this study showed the importance of close-to-nature forest management with 
considerate salvage logging. 
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