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Biodiversitets- og klimakrise

2IPBES 2019. Global assessment report on biodiversity and ecosystem services of the Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem Services. Bonn, Germany.



Biodiversitets- og klimakrise

• Likely massive biome shifts in the near future 
• Leading to transient climates similar to climates millions 

of years in the past

3
Burke et al. 2018 PNAS 115:13288-13293



Stort areal til funktionel natur

• Nøgleelement i sikring af 
biodiversitet og biosfærens 
funktion inkl. klima er 
prioritering af stort areal 
med funktionel natur
→
UN Decade on Ecosystem
Restoration

• Rewilding er central 
løsningsmodel for at opnå 
stort areal med komplekse, 
resiliente økosystemer af 
høj værdi for Jordens 
biodiversitet*

4
*Svenning, J.-C. 2020. Rewilding should be central to global restoration efforts. One Earth 3:657-660; photo: JCS.



Hvad er “rewilding” ?

• Term introduceret i Nordamerika i 1990erne
• Siden 00erne i stigende grad brugt globalt
• Løbende ideudvikling og diskussion, ligesom fx

naturgenopretning (“ecological restoration”) 

• MEN det meste rummes fint i denne definition:
Rewilding = restoration to promote self-regulating 
complex ecosystems through restoring non-human 
ecological factors and processes while reducing human 
control and pressures
(Svenning 2020 One Earth 3:657-660)
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Stort international udviklings- og 
konsensusarbejde - videnskabeligt
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International Union for Conservation 
of Nature (IUCN)

• IUCN Commission on Ecosystem Management
• Rewilding Thematic Group
• 10 principper*, bl.a.

– Rewilding utilizes wildlife to restore trophic interactions
– Rewilding employs landscape-scale planning that considers core 

areas, connectivity and co-existence
– Rewilding focuses on the recovery of ecological processes, 

interactions and conditions based on reference ecosystems
– Rewilding recognizes that ecosystems are dynamic and 

constantly changing
– Rewilding is adaptive and dependent on monitoring and 

feedback
– Rewilding requires local engagement and support
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*Carver, S., et al., Svenning, J.-C., Noss, R. et al. & Soulé, M. 2021. Guiding 
principles for rewilding. Conservation Biology, DOI: 10.1111/cobi.13730.



Bred og stigende international 
interesse i rewilding i praksis
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Bred og stigende international 
interesse i rewilding i praksis
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Aktiv udvikling af pragmatiske principper

• Rewilding means helping nature heal. Rewilding means giving space back 
to wildlife and returning wildlife back to the land, as well as to the seas. 
Rewilding means the mass recovery of ecosystems and the life-supporting 
functions they provide. Rewilding is about allowing natural processes to 
shape whole ecosystems so that they work in all their colorful complexity 
to give life to the land and the seas

• Global Charter for Rewilding the Earth, 12 principper, bl.a.
– Taking the long view
– Evidence-based adaptive management
– Letting nature lead
– Working at nature’s scale
– Building local economies
– Working together for the good of ourselves and Nature
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Videnskabelige baggrund

• Masser af forskning
og praksis i 
nøgleelementer
– Areal

– Miljøvariation

– Græsning

– Succession

– Spredning

– Hydrologi

– Skovdynamik

– Store naturparker
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Succession – uden store græssere

https://en.wikipedia.org/wiki/Ecological_succession



Økologiske elementer

• Fødekæde-effekter via 
store græssere mm.

• Naturlige forstyrrelser
og abiotiske
dynamikker, fx naturlig
hydrologi

• Sammenhæng og areal
– Store bestande = robuste

bestande

– Spredningsprocesser

– Naturlige dynamikker

12Svenning et al. 2016 PNAS 113:898–906; Perino et al. (incl. Svenning) 2019 Science 364:eaav5570; 
Carver et al. (incl. Svenning) 2021 Conservation Biology doi.org/10.1111/cobi.13730. 



Store planteædere har en bred og dyb 
historie i naturen i Europa og verden over 

– men er massivt trængt tilbage

13
Crees et al. 2019 Ecology 100:e02783; Smith et al. 2018 Science 360:310-313; DFoidl



Store planteædere har en bred og dyb 
historie i naturen i Europa og verden 
over – men er massivt trængt tilbage
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Zdeněk Burian: top - ~80,000 years ago (left), ~1.5 million ya (right), bottom - ~4 million ya (left), ~13 million ya (right)

Fx elefanter i vidtudbredt i Europa fra 18 millioner år siden til for ca. 10.000 år siden



Unaturligt lave tætheder af store dyr 
de fleste steder (inkl. Europa)
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Produktivitet

Fløjgaard, C. et al. (incl. Svenning, J.-C. 2021. Exploring a natural baseline for large-herbivore biomass in 
ecological restoration. Journal of Applied Ecology, doi:https://doi.org/10.1111/1365-2664.14047.

https://doi.org/10.1111/1365-2664.14047


Stærkt stigende interesse for de store 
dyrs betydning for økosystemer
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De store planteæderes rolle

• Store planteædere 
har ofte stor effekt 
på vegetationen

• Fremmer ofte 
variation i 
vegetationen

• Heterogenitet i 
vegetation
– har stor generel 

positiv effekt på 
biodiversitet*

– fremmer resiliens ift. 
klimastress mm.

Bakker et al. & Svenning 2016 PNAS 113:848-855 http://bit.ly/herbivorePNAS; *Stein et al. 2014. Environmental 
heterogeneity as a universal driver of species richness across taxa, biomes and spatial scales. Ecology Letters, 17, 866-880.
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http://bit.ly/herbivorePNAS


Fortætning af vegetationen i 
naturområderne

• Meget væsentlig 
problematik i naturen 
i store del af Europa

• Central 
problemstilling i 
dansk naturforvatning

• Græsning meget 
væsentlig for at 
fremme varieret 
vegetation 

18Buitenwerf, R. et al. & Svenning, J.-C. 2018 Global Change Biology 24:5789-5801
Timmermann et al. & Svenning 2015 Journal of Applied Ecology 52:21-30

General increase in vegetation density 
2001-2015 in natural areas



Fortætning af vegetationen i 
naturområderne

• Danske plante-arter
der er følsomme eller
meget følsomme over 
for negative 
påvirkninger
= Artsindeks ≥4

56% af alle arter (~1100)

• Indikatorarter for 
truet natur, der også
indeholder truede
arter fra andre
organismegrupper

19Buitenwerf, R. et al. & Svenning, J.-C. 2018 Global Change Biology 24:5789-5801
Timmermann et al. & Svenning 2015 Journal of Applied Ecology 52:21-30

Halvskygge

Skygge

Lysåbent



Store dyrs bestande: Betydning af
rovdyr?
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Rovdyr kontrollerer ikke de helt store 
planteædere eller den samlede

biomasse

21
Beschta et al. 2020 Food Webs 23:e00142.

1995–96 reintroduction of wolves

EM = 1 adult elk foraging for 1 month

Culling ≈1000 bison 
per year



Rovdyr nedregulerer ikke planteædere
til niveau, hvor de ikke påvirker

vegetationen

22
Photo: JC Svenning 2011

Herbivore exclosure in Yellowstone National Park
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Store dyr genererer mikrohabitater for 
mange invertebrater, svampe mm.

Photo: JCS; Knapp, S., Krecek, R., Horak, I. & Penzhorn, B. (1997). Helminths and arthropods of black and white rhinoceroses in 
southern Africa. Journal of Wildlife Diseases, 33, 492-502; Natural England Commissioned Report NECR224; Siga (Wikimedia); Carles-
Tolrá et al. 2010 Boletín de la Sociedad Entomológica Aragonesa 46:17

Bone skipper (Thyreophora cynophila)Horned dung beetle (Copris lunaris)

Rhinoceros tick (Dermacentor rhinocerinus)



Store dyr er særligt mobile og fremmer
spredningsprocesser

• Home range scales to 
general dispersal 
effect

• Dispersal of:
– Plants

– Fungi

– Invertebrates

• Megafauna 
particularly important 
for dispersal

24Berti, E. & Svenning, J.-C. (2020). Megafauna extinctions have reduced biotic connectivity worldwide. Global Ecology 
and Biogeography 29, 2131– 2142.



. Dispersal failure contributes to plant 
losses in NW Europe

• Stort historisk og 
forhistorisk tab af
dyrespredning

• Arter der spredes
med dyrs pels og 
med vand er
overrepræsentere
de blandt arter i 
tilbage

• “Our findings call 
for measures that 
aim to restore the 
dispersal 
infrastructure 
across entire 
regions and that 
go beyond current 
conservation 
practices”

25
Ozinga et al. 2009 Ecol. Lett. 12:66-74.

Plantearter med >25% tilbagegang over 20. årh. (NL)



Meget forskning direkte vdr. store 
planteæderes effekter under 

naturnære forhold

26
Photo: Mols Laboratory, March 2021 (JCS)



Cattle foraging habits shape vegetation 
patterns of alluvial

year-round grazing systems
• Genoprettet 87 ha 

engområde i NV Tyskland
med helårsgræsning me 
konik og heck:
– We found a mosaic of five 

structure types in the study 
area

– Three of them, the ‘‘tall forb-
grass mixture’’, the ‘‘grazing 
lawns and the ruderal grazing 
lawns’’, were completely 
absent prior to the grazing 
management

– Year-round grazing resulted in 
the successful creation of 
eutrophic grassland 
communities on former 
agricultural land after 15 
years

27
Gilhaus et al. 2014 Plant Ecology 215:169-179.



Effects of year-round grazing on the vegetation of 
nutrient-poor grass- and heathlands—Evidence 

from a large-scale survey

• Grazing vs abandonment 
compared at 5 sites
– Grazing increased plant 

species richness, especially of 
endangered species

– In grazed sites reduction of 
green biomass, litter and 
woody species were typical

– Species on grazed sites were 
mostly small-growing and 
followed a ruderal strategy

– More tall-growing, mesophilic 
and competitive species were 
typical for abandoned sites

28
Rupprecht et al. 2016. Effects of year-round grazing on the vegetation of nutrient-poor grass- and 
heathlands—Evidence from a large-scale survey. Agriculture, Ecosystems & Environment 234:16-22.



Year-round cattle and horse grazing supports the 
restoration of abandoned, dry sandy grassland and 

heathland communities by suppressing Calamagrostis
epigejos and enhancing species richness

• 800 ha heathland in E 
Germany
– Abandoned; strong 

expansion of 
Calamagrostis + woody 
plants

– Year-round grazing w/ 
Heck cattle and Konik
horses, 2008

• Grazing successfully 
reduced the coverage 
of Calamagrostis epigejos, 
whereby Calamagrostis
stands developed towards 
species-rich sandy 
grasslands after seven 
years of grazing

29

Henning et al. 2017 Journal for Nature Conservation 40:120-130.



Year-round horse grazing supports typical 
vascular plant species, orchids and rare bird 
communities in a dry calcareous grassland

• 90 ha calcareous 
grassland in C Germany

• Year-round grazing with 
konik horses since 2009

• Previous: Dominance by 
tall, competitive grasses

• Results
– Vegetation structure and 

species diversity were 
significantly improved

– Year-round horse grazing 
was suitable to restrict 
shrub encroachment.

– Horse grazing did not 
negatively affect 
sensitive orchid and bird 
target species

30
Köhler et al. 2016. Agriculture, Ecosystems & Environment 234:48-57.



• Study of meadows in the Bialowieza
forest:
– Increased visitation by European bison 

resulted in a significant reduction in the 
density and volume of woody 
vegetation

– The reducing effect on woody 
vegetation was over eight times higher 
in frequently visited plots when 
compared to unvisited plots

• the density of woody vegetation 
decreased from 879 to 101 saplings/ha

• the crown volume declined from 295 to 
35 m3/ha

– Combined visitation by other ungulates 
did not affect either the volume or 
density of woody vegetation

– potential key agent for shaping 
vegetation structure in some specific 
conditions

– worth emphasizing that cattle and 
European bison differ in their impact on 
woody vegetation

• European bison strip bark more, 
whereas cattle browse on twigs, thus 
bison can have a stronger negative effect 
on woody plant survival and may curb or 
even reverse woody encroachment in 
areas of intensive use

31
Kowalczyk et al. 2021. Do large herbivores maintain open habitats in temperate 
forests? Forest Ecology and Management 494:119310.

Do large herbivores maintain open 
habitats in temperate forests?



Meget praktisk erfaring med store 
planteædere under naturnære forhold

32
https://rewildingeurope.com/rewilding-in-action/wildlife-comeback/wild-horses/



Meget praktisk erfaring med rewilding

• Hegn

• Bestandsforvaltning

• Dyrevelfærd

• Publikum
33Millingerwaard, Holland (JCS)



Store græssere = Værdifuld
biodiversitet, ikke bare “funktionsdyr”

34
Hofman-Kamińska et al. 2019 Global Change Biology 25:2915-2930; Bocherens et al. 2015 PLoS ONE 10:e0115090; Boulbes & van 
Asperen 2019 Frontiers in Ecology and Evolution 7:doi:10.3389/fevo.2019.00301; Pruvost, M. et al. 2011 PNAS 108:18626-18630; 
Librado, P. et al. 2021. Nature 598:634–640. photos: JCS.

Not extinct (but ~extinct in the wild)
European native; not a steppe specialist; 
(but ~extinct in the wild)

Mosaic landscapes, not dense forests

All three common in Europe for >500,000 years

Ox (Bos primigenius)

Wisent (Bison bonasus/schoetensacki)

Horse (Equus ferus s.l.)

Blind vinkel: Der burde være
genopretnings-program for okse og 
hest som vilde dyr – ligesom for 
andre arter, der er sjældne eller
uddøde i naturen



Konklusioner
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• Hvorfor holder vi store dyr i 
naturen for naturens skyld?
– Et central element for imødegå

biodiversitets- og klimakriserne er
at give stor plads til funktionel
natur

– De store dyr er økologiske meget
vigtige
• Fremmer heterogenitet
• Øger spredning af planter mm.
• Danner biotiske specialhabitater
• Vigtige for biogeokemiske cyklusser

– Stor og stigende evidens
• Grundvidenskab
• Genopretningsprojekter

– De store dyr hører til i naturen og 
er selv biodiversitet

DK & South Africa (JCS)
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