
Primary forests
- Represent some of the last pristine wilderness areas of temperate 

Europe

What are primary forests?

• Forests that develop free of direct human intervention

• Natural stand composition, broad distribution of tree ages, presence of 
veteran trees, high proportion of old canopy trees, diversity of horizontal 
and vertical structure, and a significant amount and diversity of standing 
and downed dead trees in different stages of decomposition

• Developed under a natural disturbance regime. In addition to late-
successional forests, primary forests include all developmental phases 
including early seral stages and young forests that originated after natural 
disturbances









Foto: Karol Kaliský





However, many 
primary forests are 
still not mapped and 
identified…



Sambata valley, 
Romania



Ucisoara valley, Romania



Unmapped primary forests 
just few meters from the road (45° 39.521'N,  24° 
42.494'E). Presence of the Ural owl (Strix uralensis) 
was documented in the unmapped primary forests .

Ucea Mare, 
Romania







Boia Mica, 
Fagaras Mountains, 

Romania





Boia Mica

•Almost 10 % of cored beech trees are older
than 300 years

• In one plot, 17 trees older than 300 years



Slovakia
• 261 primary 

forest 
localities 
• Only 0.47% 

of the total 
forested 
area
• 0.21% of 

the study 
landscape
• Spatial 

pattern of 
primary 
forests was 
clustered



Comparison of landscape characteristics between all forest, primary forests remnants (5–20 ha), and
primary forests (≥ 20 ha). The central line of each box refers to the median value, box height refers
to the interquartile range, and vertical lines above and below the box indicate the maximum and
minimum values, respectively.

Primary forests have 
tended to avoid clearing 
on sites with:
• Higher elevation
• Steeper slopes
• Rugged terrain
• Greater distances 

from roads and 
settlements

= Remote locations



Primary forests  = living laboratories 
valuable reference sites for foresters  
- remote project



Climate change  - many uncertainties

Buntgen et al. 2013 PNAS



Forest disturbance damage in Europe 1971-
2030. Predictions (light hues) assume a 
continuation of business-as-usual forest 
management (reference strategy) and 
represent the median over an ensemble of 
scenarios of future climate and forest growth.



Are the recent increase in natural 
disturbances (e.g. insect outbreaks) the 
result of only climate change?





Our project: Remoteforests
(www.remoteforests.org)



Main objectives:

• Drivers of disturbance dynamics  

• Tree growth history and forest carbon

• Stand structural diversity and biodiversity













The largest
dendrochronogical
database of temperate
primary forests in 
Europe



Release after suppression

Disturbance history reconstruction



- Approximately 75% of current canopy 
area recruited prior to 1900.

- Reduced disturbance rates since 1920 -
a potential legacy of high 19th century 
disturbance rates - have contributed to a 
recent region-wide increase in 
disturbance susceptibility. 

 - High severity disturbances are a 
natural process within these primary 
forest ecosystems.



Different types of natural disturbances – 
primary forest are dynamic 







Semenic – Izovarele Nerei (2023)





Primary forests are also young 
forests after disturbance









Kozák et al. 
2021 
Ecosystems

Ferenčík  et 
al.  2022 
FEM 

Langbehn  
et al.  2021 
JVS

Long term disturbance history 
determines present-day
biodiversity

Deadwood amount and canopy 
openness play key roles

Different groups respond to 
different disturbance 
characteristics

Disturbance effects are diverse 
across temporal scales



Management implications
• The importance of setting aside large areas (strictly protected forest 

landscapes) where a wide range of disturbance timing and severity can act 
and create a heterogeneous environment that can support a full array of 
biodiversity
• Disturbances are a critical part of natural forest dynamics and are an 

important rewilding tool



Salvage logging of primary
and old-growth forests



Logging and planned logging in our research plots
(especially Romania and Ukraine)



300 years old trees were cut down in this plot







2012 2017





Unprotected old-growth forests in Ucea
Mare, Fagaras Mountains, Romania



Ucea mare, Fagaras Mountains

45.6569089N, 24.7066903E





The consequences of logging primary and old growth
forests on biodiversity in the Carpathians



Capercaillie – umbrella species – its protection will protect 
many other rare species
• It requires in average 550 ha  of suitable habitats (Storch 

1995).
• Effective connectivity is up to 10 km distance. 
• Minimum viable population requires 250-500km2 of suitable 

habitats.



• Structure of suitable habitats: - Low canopy closure
- Rich ground vegetation cover
- Low branched trees

• Such structures are very typical for natural mountain forests. 



Commercially managed forests lead to unsuitable
habitat structures: 

• Dense canopy, no ground vegetation, no hiding possibilities…

• Clearcut: long-term loss of habitat



Archív NP Šumava



qUnmanaged windthrows and 
barkbeetle outbreaks represent 
suitable habitats for the capercaillie



Mikoláš et al. 2017 Landscape ecol.



A. Low Tatra Mts. National Park, Slovakia



B. Maramures National 
Park, Romania



Capercaillie suitable habitat (km2) Loss of capercaillie suitable habitat (km2)

PAs SPAs Unprotected Total PAs SPAs Unprotected Total

Czech Republic 9 9 0 9 1 1 0 1

Hungary 0 0 0 0 0 0 0 0

Poland 305 97 32 350 33 10 4 39

Romania 1,142 1,469 1,964 3,720 233 273 260 565

Slovakia 1,483 1,380 133 1,797 256 211 18 325

Ukraine 498 NA 1135 1,633 48 NA 131 180

Total 2,939 1,713 2,129 7,510 571 495 413 1,109

• Protected areas do not ensure the protection of threatened species and their 
habitats in the Carpathian region 

• Priority in protected areas is timber production rather than the conservation of 
biodiversity and non-extractive ecosystem services



• Connectivity change (Equivalent Connected Area (ECA) 
index.): decrease of habitats by 15 % decreased the 
overall connectivity by 30 %



1970



2016



Figure 1 Patchily distributed subpopulations identified by the colouring of sample 
sites, computed least cost paths (solid lines), barriers (shaded polygons), and 
bottlenecked corridors (increased orange colouring and value indicates more 
narrowed or bottlenecked corridor) across a landscape of the Western Carpathians, 
Slovakia. Klinga et al 2019, Landscape Ecology
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Capercaillie population declined by 76% since
1972 in the Western Carpathians, Slovakia



Percentual decrease of capercaillie population in SPAs (NATURA 
2000 sites)

Gúgh J., Trnka A., Karaska D. & Ridzoň J. 2015: Zásady ochrany európsky významných druhov 
vtákov a ich biotopov. – Štátna ochrana prírody Slovenskej Republiky, Banská Bystrica, 333 str.



September 2018 – Low Tatras 
National Park







Kráľová hoľa







Western Tatras, Slovakia 
2014-2015



NP Veľká Fatra 2017



Salvage logging in capercaillie forests lead to the 
complete destruction of its habitat. 





Building of new forest roads:
• Change in soil-water regime 
• Creation of new sun-exposed forest walls

All these stress factors caused by salvage logging may 
speed up bark beetle population growth rates

. 







Note that result of salvage logging is not necessarily „green forest“.
- Large scale salvage logging lead to complete destruction of capercaillie 
habitats…
 - this is case from national park 



- Almost all capercaillie habitats (natural forests) were salvage logged within 
a National Park

- Different disturbance management approach needs to be applied in 
protected areas compared to commertially managed forests



Undesirable primary forest reserve design
- Protects only fragmented patches (tens of ha) of the existing primary forest and the 
surrounding area is subjected to harvests.
- Specialist forest species populations in such isolated islands of primary forest
patches are often suffering from extinction debt
- Extinction debt: delayed species extinctions expected as a consequence of habitat 
loss and fragmentation



Undesirable primary forest reserve design



Optimal primary forest reserve design example - connects fragmented primary forests (363 ha) 
into one strictly protected valley complex with area of 9,188 ha left for natural development. 



Conclusions
• Natural disturbances such as windthrow and bark beetle 

outbeaks are natural part of the forest dynamics that
support and maintain biodiveristy
• Conservation of primary and old-growth forests is slow, 

many primary forests are still not mapped, many primary 
forests are not protected in Europe
• Conservation of only primary forests stands is insufficient; 

conservation targets should be also the natural forests, 
valley systems, secondary old-growth forests and habitats
of protected species if biodiversity conservation and carbon
sequestration is the objective


