


On a highway to hell

Credits: Reuters and Wall Street Journal
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Burning the Artic

Descals et al. 2022, Science.

Annual burned area in the Siberian Artic

2019



Melting the Arctic





Melting the Antarctic



The hottest summer in history

Source: The Guardian



Mad Max: 

Fury Road 

(2015)



Can wildlife help us with Climate Change?

Credit: Steve Bloom Images Alamy



Wildlife declines

Data: Living Planet Report 2022 (monitored vertebrate populations), WWF/ZSL 

69% Global decline 1970-2018



…..and comebacks



Fløjgaard, C. et al. 2022. JoAppEco.



Are we important 

for Climate 

Change M & A?

Bar-Or et al., 2018. PNAS

Biomass of terrestrial mammals on Planet Earth



Schmitz et al. 2023, Nature Climate Change



Mahli et al. 2022, Current Biology



Most large animals eat fruits in tropical forests

©Pedro Jordano

Almeida –Neto et al. 2008; Jordano 2000

©MerlinTuttle.org
89% woody species animal dispersed





Frugivore size
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Large frugivores eat and disperse large fruits

Bello et al. 2014. Ecology
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Large fruits come from trees that store more carbon
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Frugivore size



Positive correlation between seed size and wood density

Bello et al. 2015. Science Adv.
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Proxy for frugivore size

High C

Large frugivores



Frugivore defaunation leads to loss of high carbon trees

High carbon Low carbon

Bello et al. 2015. Science Adv.



31 communities

813 tree species (21% large seeds)

101,211 trees

Frugivore defaunation leads to carbon erosion

Bello et al. 2015. Science Adv.



Osuri et al. 2016 Nat Commun.

% Animal seed dispersal changes across the world



Frugivore defaunation leads to carbon erosion

Frugivore loss

Osuri et al. 2016 Nat Commun.



Rewilding frugivory for carbon sequestration





Forest elephants also 
increase carbon at 

intermediate densities 
through multiple 

pathways

Berzaghi et al. 2019, Nat. Geosci.; 

Berzaghi et al. 2023, PNAS 

Dispersal of large seeded trees

Feeding on tasty leaves from low carbon 

trees = promoting high carbon survivors

Trampling on “weak” young low carbon trees

= promoting high carbon survivors



Forest elephants are carbon storing machines

Large trees Elephant density
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Berzaghi et al. 2019, Nat. Geosci.





……and store it belowground

Savannah elephants steal aboveground  carbon

Sitters et al. 2020, Nat Sustain

Credits: JONATHAN & ANGELA SCOTT/AWL IMAGES

Davies et al. 2019 Glob Change Biol.



Negative effects of cattle and mesoherbivores on soil 
C reversed by Megaherbivores 

Sitters et al. 2020, Nat Sustain



Large wild 

herbivores

Cattle

Sitters et al. 2020, Nat Sustain

Negative effects of cattle and mesoherbivores on soil 
C reversed by Megaherbivores 



Large wild 

herbivores

Cattle Megaherbiv.Megaherb.

Sitters et al. 2020, Nat Sustain

Negative effects of cattle and mesoherbivores on soil 
C reversed by Megaherbivores 



Warm grasslands Cold grasslands

+ -
Sitters et al. 2020, Glob. Change Biol

Grasslands: effects of large herbivores on soil C 
changes with environmental conditions

Soil Carbon & Nitrogen



Herbivores increase soil C and N where there is 
nutrient enrichment

Sitters et al. 2020, Glob. Change Biol



Herbivores increase soil C and N where there is 
nutrient enrichment

Herbivores seem to sequester more N in the soil in 
nutrient enriched sites with higher temperature 

variability

Sitters et al. 2020, Glob. Change Biol



Can large herbivores help to 
reduce the Climate Change 
effects of nutrient excess?



Reduced soil 

Greenhouse N2O, 

CO2, CH4 emissions?

Increased soil retention 

of N and C?



Albedo effect



How large wildlife affect albedo?



Increase snow density Increase thermal diffusivity Decrease on snow depth

Decrease soil temperature

Beer, C., Zimov, N., Olofsson, J. et al. Protection of Permafrost Soils from Thawing by Increasing Herbivore Density. Sci Rep 10, 4170 (2020). https://doi.org/10.1038/s41598-020-60938-y

The good news



The bad news

Holmgren, M., Groten, F., Carracedo, M.R. et al. Rewilding Risks for Peatland Permafrost. Ecosystems (2023). https://doi.org/10.1007/s10021-023-00865-x



Trophic cascades: Predators in rescue of Carbon 
sequestration

Wilmers et al. 2012 Front. Ecol Env.
Allen, S. 2020, Routes



Adaptation



Mahli et al. 2022, Current Biology



Rouet-Leduc 2021, JoAppEcol.

Large wild herbivores ALWAYS reduce fire



Flooding



Castro et al. 2017. The beaver restoration guidebook US Fish and Wildlife Service.

Erosion

Drought

Water flow

Diversity

The river master

Credits: Adobestock/Ronnie Howard



Increased water storage

Attenuated flow 

Mitigation of diffuse pollution from intensively-managed grasslands

Puttok et al. 2017 Sci Tot Env.



Can large wildlife safeguard biodiversity from 
Climate Change?

BIODIVERSITY
Villar et al. 2022, JoAppEcol.



Large wildlife make biodiversity hotspots more 
resilient to Global Change
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Villar et al. 2022, JoAppEcol.



LARGE HERBIVORES

ABSENT

LARGE HERBIVORES
PRESENT

Initial compositional diversity
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Small diversity loss

Spread among 

diversity hotspots 

and coldpots

High diversity loss

Concentrated in 

diversity hotspots

LARGE HERBIVORES

PRESENT

Large wildlife make biodiversity hotspots more 
resilient to Global Change

Villar et al. 2022, JoAppEcol.



Large frugivores slow down 
compositional change & 
invasion of new species

LARGE HERBIVORES

PRESENT
Slower compositional 

change

LARGE HERBIVORES

ABSENT

Faster 

compositional 

change

Villar et al. 2022, JoAppEcol.
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Post et al. 2023, Science

Photocredits: E. Post

Large herbivore diversity increases 
plant diversity in a warming world



Plant Compositional Diversity

Persistence of Rare Species
HIGHER LOWER

High Large Herbivore Diversity Low Large Herbivore Diversity

Post et al. 2023, Science

Post et al. 2022, Sci. Rep.



Work in progress
Credits: Christopher Swann Science Source



Roman, J., Estes, J.A., Morissette, L., Smith, C., Costa, D., McCarthy, J., Nation, J., Nicol, S., Pershing, A. and Smetacek, V. (2014), Whales as marine ecosystem engineers. Frontiers in 
Ecology and the Environment, 12: 377-385. https://doi.org/10.1890/130220) 

Meynecke et al 2023 Front. Mar. Sci. 2023. https://doi.org/10.3389/fmars.2023.1117409

Aquatic ecosystems

https://doi.org/10.1890/130220
https://doi.org/10.3389/fmars.2023.1117409


Image: Collins dictionary

Lundgren et al., 2020 PNAS

Can surrogates of wild/extinct species help in 
the fight against Climate Change ?

Domestic Livestock

Introduced species



Trophic Rewilding
Gelderse Poort, The Netherlands



Spatial  & structural dimensions of large 
wildlife effects on Climate Change mitigation 

and adaptation

Gelderse Poort, The Netherlands

Structural heterogeneity Ecology of Fear Landscape mosaics

Souza, et al. 2022 JoEco.



https://gml.noaa.gov/ccgg/ghgpower/

Large wildlife effects on Soil Greenhouse Emissions?



We matter for Climate 

Change M & A

Bar-Or et al. (2018), PNAS



We need to help large wildlife to help us with Climate

Credit: Steve Bloom Images Alamy
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