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UN Decade on Ecosystem Restoration

• 01 March 2019, New York – The 
UN Decade on Ecosystem 
Restoration, declared today by 
the UN General Assembly, aims to 
massively scale up the restoration 
of degraded and destroyed 
ecosystems as a proven measure 
to fight the climate crisis and 
enhance food security, water 
supply and biodiversity

• Restoration of 350 million 
hectares of degraded land 
between now and 2030 could 
generate USD 9 trillion in 
ecosystem services and take an 
additional 13-26 gigatons of 
greenhouse gases out of the 
atmosphere



Rewilding

• Rewilding
– Ecological restoration to 

promote self-regulating
complex (biodiverse) 
ecosystems

– Key aspects (wildness)
• Reducing human control
• Restoring natural processes 

– Spontaneous ecological 
dynamics

– Active initial steps to 
restore ecological integrity
• Refaunation & trophic 

processes
• Natural physical processes, 

e.g., hydrology

Perino et al. 2019 Science 364:eaav5570, http://bit.ly/rwScience. 

http://bit.ly/rwScience


Three key ecological components

• Trophic complexity

• Natural disturbances

• Connectivity/Dispersal

Perino et al. 2019 Science 364:eaav5570, http://bit.ly/rwScience. 

Dieback from bark beetles (Poland; JCS)Wolf (Poland [zoo]; JCS)

http://bit.ly/rwScience


Trophic rewilding

• Definition
– Species introductions to 

restore top-down 
trophic interactions and 
associated trophic 
cascades to promote 
self-regulating 
biodiverse ecosystems 
(Svenning et al. 2016 
PNAS)

• Mostly megafauna-
based

Svenning et al. 2016 PNAS 113:898-906 http://bit.ly/rewildingPNAS. 

http://bit.ly/rewildingPNAS


Idea: Megafauna promotes 
biodiversity via top-down trophic

processes+

Svenning et al., in Pettorelli et al.  2019 ”Rewilding”, Cambridge University Press, http://bit.ly/rwBESbook

Increase diversity capacity of natural and semi-natural areas 

http://bit.ly/rwBESbook


Background I:
Current species diversity evolved in 

megafauna-rich ecosystems

Rich megafaunas the evolutionary norm
(an evolutionary base-line)

Svenning et al., in Pettorelli et al.  2019 ”Rewilding”, Cambridge University Press, http://bit.ly/rwBESbook

http://bit.ly/rwBESbook


Most extant species are ‘ancient’

Estudios Geológicos 71:e026; Kurtén 1968, Coope 2004 Phil. Trans. R. Soc. Lond. B, Mai 1995, Lang 1994

Extant species
Mammals Beetles Trees Vascular plants
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Evolutionary background of ecological 
adaptations even deeper

9

Prinzing. 2001. The niche 
of higher plants: evidence 
for phylogenetic 
conservatism. Proceedings 
Roy Soc B 268:1483.



Rich megafaunas have been the 
standard for millions of years

10England (Trafalgar Square) 125,000 years ago (Roman Uchytel)



Rich megafaunas have been the 
standard for millions of years

11
Germany (Dorn-Dürkheim), 8 million years ago (Wolfgang Weber)



Strong size-biased defaunation globally 
across last 50,000 years

+ Smith et al. 2018 Science 360:310-313.

Extinctions of mammal species: 50,-10,000 yrs BP



Very little extinction in non-megafauna
• Late Pleistocene temperate non-megafauna from Europe

13

JCS + tristanba, kerbtier.de, www.rios-galegos.com , //r.a.r.e.free.fr/ , www.selgasfoto.lv , Peter Mlakar, G. Mittenecker. 



Megafauna losses strongly linked to 
expansion of Homo sapiens

Field Museum Library + Bill Whittaker, https://en.wikipedia.org/wiki/Clovis_culture#/media/File:Clovis_Rummells_Maske.jpg

Sandom et al. & Svenning 2014 Proc Roy Soc B 281:20133254, http://bit.ly/megafauna-extinction;
Smith et al. 2018 Science 360:310-313.

http://bit.ly/megafauna-extinction


Impacts on megafauna functional groups

15

Svenning et al. 2016 PNAS 113:898-906 http://bit.ly/rewildingPNAS

http://bit.ly/rewildingPNAS


Deep-time perspective – take home
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Sandom et al. & Svenning 2014 Proc Roy Soc B 281:20133254, http://bit.ly/megafauna-extinction; Ill.: M. Antón.

• Current species evolved in megafauna-rich
ecosystems (an evolutionary baseline)

• Modern standard of megafauna-poor ecosystems
– Highly ununsual condition on an evolutionary time 

scale
– Completely or largely anthropogenic

End-Pleistocene/early Holocene plus extant (color) megafauna in South American savannas

http://bit.ly/megafauna-extinction


Background 2: Strong role of top-
down trophic effects via 

megafauna in many ecosystems

Photo: JC Svenning 2011
17



Role of big and very big herbivores

• Strong potential for 
generating
vegetation 
heterogeneity
– Benefits biodiversity

– Even more relevant in 
a warmer, CO2-rich 
world

• Other functions
– Seed dispersal

– Nutrient dispersal

– Carbon diversification

Bakker et al. & Svenning 2016 PNAS 113:848-855 http://bit.ly/herbivorePNAS
18

http://bit.ly/herbivorePNAS


Role of big and very big herbivores

Photo: JC Svenning 2011
19

Herbivore exclosure in Yellowstone National Park



Europe: Forest or wood pasture, or…?

?
Svenning 2002 Biological Conservation 104:133-148; Sandom et al. 2014 PNAS 111:4162-4167; photos: JCS.



Beetles as indicators

Copris lunaris

Lucanus cervus

21
Sandom, Ejrnæs, Hansen & Svenning 2014 PNAS 111:4162-4167, http://bit.ly/interglacialveg.

http://bit.ly/interglacialveg


Often high herbivore densities and a mosaic semi-
open/forest landscape during the Last Interglacial

• Ecosystem reconstructions based on fossil beetles (Britain):

22
Sandom, Ejrnæs, Hansen & Svenning 2014 PNAS 111:4162-4167, http://bit.ly/interglacialveg.

≥2.5 large herbivore/ha

http://bit.ly/interglacialveg


High habitat diversity prior to the late-
Quaternary megafauna loss

23

”...likely that the necessary environmental diversity [for 
sustaining interglacial faunal diversity] came from 
forest-edge environments which would be developed 
and maintained by the presence of the larger mammals 
themselves” Currant 2000

Sandom, Ejrnæs, Hansen & Svenning 2014 PNAS 111:4162-4167, http://bit.ly/interglacialveg; Currant 2000

Wales, Last Interglacial

http://bit.ly/interglacialveg


24
Fyfe et al. 2015 Glob. Chang. Biol. 21:1197+

Mesolithic- also some openness after
loss of elephants, hunting pressure etc.

Pre-agricultural Holocene – pollen ”big data”



STATUS OF REWILDING SCIENCE

Iberá rewilding project, Argentina (JCS)



Systematic review of rewilding research

26

Svenning et al. 2016 PNAS 113:898-906 http://bit.ly/rewildingPNAS. 

Strong geographic bias

http://bit.ly/rewildingPNAS


Much work on megafauna

• Strong potential for 
generating
vegetation 
heterogeneity
– Benefits biodiversity

– Even more relevant in 
a warmer, CO2-rich 
world

• Other functions
– Seed dispersal

– Nutrient dispersal

– Carbon diversification

Bakker et al. & Svenning 2016 PNAS 113:848-855 http://bit.ly/herbivorePNAS
27

http://bit.ly/herbivorePNAS


Much work on natural disturbances
and connectivity

• Bark beetles + fire

28
“The European spruce bark beetle Ips typographus in a national park: from pest to keystone 
species” Müller et al. 2008 Biol. Cons. 17:2979–3001.

National Park “Bavarian Forest”



Much work on natural disturbances
and connectivity

• Connectivity

29
“Ongoing accumulation of plant diversity through habitat connectivity in an 18-year 
experiment” Damschen et al. 2019 Science 365:1478-1480.



Priorities for trophic rewilding research

Svenning et al., in Pettorelli et al.  2019 ”Rewilding”, Cambridge University Press, http://bit.ly/rwBESbook

http://bit.ly/rwBESbook


How far is restoration possible with 
native extant species?

Simon Schowanek 



Climate change effects on rewilding

Jarvie & Svenning 2018 Philosophical Transactions of the Royal Society B  373: 20170446, http://bit.ly/ccRWspp.  

http://bit.ly/ccRWspp


Climate change with limited effect on 
potential for rewilding (RCP 8.5, 2070)

33

Jarvie & Svenning 2018 Philosophical Transactions of the Royal Society B  373: 20170446, http://bit.ly/ccRWspp.  
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IMPLEMENTATION RESEARCH

34



Framework for design & 
implementation

• Design:
– Trophic complexity

– Natural/Stochastic 
disturbances

– Dispersal/Connectivity

• Implementation
1) Ecosystem status 

assessment

2) Social-ecological 
constraints

3) Adaptive management

Perino et al. 2019 Science 364:eaav5570, http://bit.ly/rwScience. 

http://bit.ly/rwScience


Socio-ecological context

36
Pedersen et al. & Svenning, in press, AMBIO



Design considerations

Svenning et al., in Pettorelli et al.  2019 ”Rewilding”, Cambridge University Press, http://bit.ly/rwBESbook

http://bit.ly/rwBESbook


A trophic rewilding scale to guide 
terminology and management

38
Pedersen et al. & Svenning, 2019, AMBIO, http://bit.ly/traailambio

http://bit.ly/traailambio


Framework for measuring progress in 
general rewilding projects

39

Rewilding 
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Torres et al. 2019 Philosophical Transactions of the Royal Society B B 373: 20170433, http://bit.ly/RWprog.  

Restored megafauna species

http://bit.ly/RWprog
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40

Megafauna ecosystem ecology from the deep 
prehistory to a human-dominated future

@JCSvenning

svenning@bios.au.dk



Rewilding - & Questions

• Ecological restoration to promote self-
regulating complex ecosystems

• A key element: Trophic rewilding
– Key background
– Megafauna-rich evolutionary baseline
– Ecological importance of megafauna
– Working hypothesis:

• Megafauna promotes landscape- to 
local-level biodiversity

• Research need, but solid background
• Literature

– Concept: Svenning et al. 2016 PNAS 
113:898-906 
http://bit.ly/rewildingPNAS

– Concept: Svenning et al., in Pettorelli et 
al.  2019 ”Rewilding”, Cambridge 
University Press, 
http://bit.ly/rwBESbook

– Interactions with global change: 
Theme issue in Philosophical
Transactions Roy Soc B, Bakker & 
Svenning (eds) 2018 
http://bit.ly/trwPTB

– Role of ecological memory: Schweiger 
et al. & Svenning, 2018, Biological
Reviews: http://bit.ly/rwmem
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http://bit.ly/rewildingPNAS
http://bit.ly/rwBESbook
http://bit.ly/trwPTB
http://bit.ly/rwmem

