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600 Km long and 150 km wide; Mesozoic rocks, mainly limestone and dolomite

Dinaric Mountains









“Karst” geomorphology

• Limestone is very deep (1-3 km)
• Pronounced relief
• Globally unique in the diversity and density of 

these features
• Formed by water and chemical dissolution of 

carbonate rocks





Climate







Average annual precipitation (mm) over past 50 yrs (blue > 1500mm  - yellow 800 mm)

Many areas > 2500 mm

up to 5000 mm!





Fagus sylvatica

Abies alba

Acer pseudoplatanus
Fraxinus excelsior
Ulmus glabra















































Gap dynamics Stand replacementIntermediate severity

Conceptual model of temperate forest disturbance regime

Fine-scale, 

continuous 

process

Large-scale, return 

interval several 

thousand years
Intermediate-scale and 

severity, return interval 

less than tree longevity

The traditional conceptual model in temperate old-growth forests in Europe and the 

N. America was that “gap-phase” processes drive community dynamics, in that tree 

replacement occurs under regimes of  low-intensity, diffuse, relatively constant 

disturbance

• basically assumes equilibrium forest structure and composition at stand scales

•  such processes are sufficient to maintain tree species composition





Bormann and Likens, 1979



Global carbon budget over time
Friedlingstein et al (2020)

What about carbon and forest reserves?

• Carbon cycle: 
C storage=Cuptake-Crespiration-Cmortality



Senf et. al. One Earth, 2021

• Increasing rates of 
canopy mortality in 
managed forests of 
Europe



Methods for studying disturbance and dynamics in old-growth forests

• Direct observations of  recent disturbances

• Canopy gap studies

• Dendroecological studies

• Permanent plots

Gap-maker

Gap-filler



Fir
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Permanent plot network
• 11 old-growth reserves
• Total of 20 plots, 13 ha
• Established around 1980 
• Plots established across a range of “development 

phases”
• All trees ≥ 5 cm d.b.h. tagged, measured and mapped
• Re-measurements include d.b.h, mortality, and mode 

of mortality
• New recruits that reach the d.b.h. threshold are tagged 

and mapped at each census
• Census interval is 5 year intervals

• Biomass calculated from species specific allometric 
equations (R package allodb, Gonzalez-Akre et al.)





Ravna Gora forest Reserve
Windthrow in 1983

Deadwood input: 437 m3/ha





Combined mortality of  both 

storms equal to a decade of  

baseline mortality recorded in 

permanent plots

Nagel & Diaci (2006) CJFR



Dendroecological reconstruction of disturbance history in 4 stands in Peručica, BiH

Disturbances that remove 30-50% of the canopy recur approx every 150-450 years

Nagel et al. (2014) Ecological Applications



Nagel et. al. Ecology and Evolution, 2021



Nagel et. al. Ecology and Evolution, 2021



Idoate-Lacasia et. al., 2025, J of Ecology









Primary forest sites to estimate carbon 
carrying capacity across European forests



Keith et. al. 



Large trees > 60 cm contain 50% of total carbon stock, but only 15% of trees



Basic biological understanding: tree species differences in longevity

Pavlin et. al. (2021) JVS: https://doi.org/10.1111/jvs.13069 





Implications for conservation and policy







Historical and projected global wood production

Peng et. al. 2023 Nature: https://doi.org/10.1038/s41586-023-06187-1

> 50% increase in wood production by 2050!!



Increasing demand for 
forest products
(economic function)

Biodiversity and Ecosystem services 
(e.g. carbon storage) 
(ecological function)

Adaptation to climate change



Context-EU Biodiversity and Forestry Strategies for 
2030, Climate strategy, and Nature Restoration Law
• Call for defining, mapping, monitoring and strictly protecting all remaining primary 

and old-growth forests
• Strict protection of 10% of land area (most of which should probably be forest)-

forest rewilding
• Increased use of integrative “closer to nature” forest management
• High-yield monocultural plantations and clear cutting should be avoided
• Each member state should do its fair share of this protection
• Carbon neutral by 2050, high reliance on forest biomass
• Nature Restoration Law, key element of Biodiversity strategy….each member state 

creates a plan by 2026…not really clear yet how this will work for forests…. “forest 
ecosystems – achieving an increasing trend for standing and lying deadwood, uneven 
aged forests, forest connectivity, abundance of common forest birds and stock of organic 
carbon”



How do we produce more timber at least cost to native biodiversity?

Land sparing 
(segregation, 
intensive)

Land sharing 
(integration, 
extensive) 

Simultaneously fulfills 
wood production and 
biodiversity conservation

Ecologically based forestry

Presumably supplants the 
need for forest reserves

Old-growth



164 forest reserves



Mean total 
CWD volume:
(m3ha-1)

20 36 76 165

Nagel et al. 2017, Biol Cons. 216: 101-107





Mean N ha-1 : 6                    13                  22                   55



Distribution of the White-backed woodpecker (Dendrocopos leucotos lilfordi)

Dependent on dead and decaying wood of 
broadleaf trees for food and nesting sites

Estimated population size of 100-150 breeding pairs in Slovenia (Denac and Mihelic, 2015)



Forest Biodiversity, e.g. Fungi on dead wood, Peručica, BiH 





Biodiversity dependent on dead wood is in decline



How can we increase strict forest reserves and wood 

production? 

TRIAD
zoning



• A few countries have > 10% of 
forest area strictly protected (e.g. 
Estonia, Finland), some > 5%

• Most less than 2%
• As a whole, 3.8% (7.2 million ha) 

of the total forest area in the 
dataset is under strict protection

• Many countries with less than 1% 
strictly protected forest area

• Italy – 5%

Nagel et. al. Ambio, 2025



Data < 95th percentile • >35,000 strictly protected 
areas

• 71% < 50 ha in size
• 50% < 20 ha 
• Only 2% > 1000 ha
• 44 areas > 10,000, mostly in 

Sweden, Finland, Turkey
• Too small to capture natural 

disturbance regimes?

Nagel et. al. Ambio, 2025





Nagel et al. (2017) Forest Ecology and Management

5000 ha

50 
ha













Level of ‘old-growthness’

? ? ?





Density of large trees across old growth plot network





















➢ 2000 stems recruited, 90% beech
➢ 9% maple in disturbance areas
➢ Only 4 fir stems in 40 years across all sites!



Sasso Fratino, 2023







Take home message

• Moderate severity, partial canopy disturbances are a key process in our temperate 
mountain forests

• Threats of  increasing climate related tree mortality or disturbance in unmanaged forests 
are unfounded (at least for now)

• In fact, disturbance is desirable in forest reserves, but most reserves are too small to 
capture natural disturbance regimes and maintain disturbance dependent species.

• Currently, Europe probably does not protect enough unmanaged forests to maintain 
populations of  more demanding old-growth species

• Increasing forest reserves has substantial co-benefit with long-term carbon storage

• Land sparing (Triad) may offer a viable solution to reconcile increasing demand for timber 
with conservation of  native forest biodiversity

• Current progress in mapping and protecting high conservation value forests in Europe 
progressing too slowly

• Aside from climate change, deer browsing may be the most significant threat to our strict 
forest reserves!
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THANK YOU!


	Diapositiva 1: Scientific and conservation insights from old-growth forests in the Dinaric mountains and beyond
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30
	Diapositiva 31
	Diapositiva 32
	Diapositiva 33
	Diapositiva 34
	Diapositiva 35
	Diapositiva 36
	Diapositiva 37
	Diapositiva 38
	Diapositiva 39
	Diapositiva 40
	Diapositiva 41: Methods for studying disturbance and dynamics in old-growth forests 
	Diapositiva 42
	Diapositiva 43
	Diapositiva 44
	Diapositiva 45
	Diapositiva 46
	Diapositiva 47
	Diapositiva 48
	Diapositiva 49
	Diapositiva 50
	Diapositiva 51
	Diapositiva 52
	Diapositiva 53
	Diapositiva 54
	Diapositiva 55
	Diapositiva 56
	Diapositiva 57
	Diapositiva 58
	Diapositiva 59
	Diapositiva 60: Implications for conservation and policy
	Diapositiva 61
	Diapositiva 62
	Diapositiva 63
	Diapositiva 64
	Diapositiva 65: Context-EU Biodiversity and Forestry Strategies for 2030, Climate strategy, and Nature Restoration Law
	Diapositiva 66
	Diapositiva 67
	Diapositiva 68
	Diapositiva 69
	Diapositiva 70
	Diapositiva 71
	Diapositiva 72
	Diapositiva 73
	Diapositiva 74
	Diapositiva 75
	Diapositiva 76
	Diapositiva 77
	Diapositiva 78
	Diapositiva 79
	Diapositiva 80
	Diapositiva 81
	Diapositiva 82
	Diapositiva 83
	Diapositiva 84
	Diapositiva 85
	Diapositiva 86
	Diapositiva 87
	Diapositiva 88
	Diapositiva 89
	Diapositiva 90
	Diapositiva 91
	Diapositiva 92
	Diapositiva 93
	Diapositiva 94
	Diapositiva 95
	Diapositiva 96
	Diapositiva 97
	Diapositiva 98
	Diapositiva 99
	Diapositiva 100
	Diapositiva 101: Take home message
	Diapositiva 102

