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On a highway to hell

Credits: Reuters and Wall Street Journal
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Antarctic sea ice extent, 28 June 2023
Seaice extent The annual maximum extent of Antarctic seaice in 2023 was 1m

e sq km below the previous record low
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Can wildlife help us with Climate Change?
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Wildlife declines
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.....and comebacks

Wildlife is making a comceback in Furope
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Biomass of terrestrial mammals on Planet Earth

60%
are livestock

36%
are humans

Are we important
A% for Climate
Change M & A?

Bar-Or et al., 2018. PNAS



Schmitz et al. 2023, Nature Climate Change



Table 1. Variation between biomes in the influence of large animals.

Temperate Desert, arid  Tropical Temperate Kelp Deep sea,
Tundra woodland Savanna systems wet forest grassland Boreal forest Seagrass Tidal forest Coral open ocean
(Figure 3) (Figure 3) (Figure 3) (Figure 2) (Figure 2) (Figure 2) (Figure 2) (Figure 4) marsh (Figure 4) reef (Figure 4)
Mitigation (M)/
Adaptation (A) M A M A M A M A M A M A M A M A M A M A M A M A
Vegetation/ oo bt bt 4t~ Lt b~ L~ b~ o~ 2

autotroph

structure and

carbon stock

above and

below-ground

Carbon storage T T t T +/- +/- +/- +- t t T t l 1 +/- r~ i ~ ~ ~ ~ ~ T T
in soil, sediments

and deep waters

Soil trace gas T ~ t ~ 1 ~ +/- ~ +/- ~ T ~ +/- ~ ? ? 1 ~ ~ ~ ~ ~ ~ ~
emissions
Animal trace gas l ~ 1 ~ 1 ~ ~ ~ ~ ~ 1 ~ l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
emissions

Surfaceabedo 1+ 1+ t t 1 t 1t 1 ~ ~ t t 1t 1 ~ ~ ~ ~ | o~ o~ o~ ]

albedo

properties

Fire regime ? ? T T 1 1 i T t T 1 T T T / / / / / / / / / /
Riparian +/- T +/- T +/- T ~ 1 ? ? +/- T +/- T { { / / { { / i / i
geomorphology

and flooding

regimes

Vegetation/ Climate change adaptation is strongly, positively affected by large animal presence via vegetation/autotroph filtering and dispersal in most biomes.

autotroph filtering Adaptation effects spill over to mitigation effects by reducing risk of ecosystem breakdown under climate stress

and dispersal

Ecosystem Climate change adaptation is strongly, positively affected by large animal presence via increased ecosystem complexity in most biomes.

complexity Adaptation effects spill over to mitigation effects by reducing risk of ecosystem breakdown under climate stress

(biodiversity, Mahli et al. 2022, Current Biology



Most large animals eat fruits in tropical forests

©Pedro Jordano

89% woody species animal dispersed

Almeida —Neto et al. 2008; Jordano 2000






Large frugivores eat and disperse large fruits

Fruit/seed size

Frugivore size

Bello et al. 2014. Ecology



Large fruits come from trees that store more carbon

Fruit/seed size)

Tree carbon storage poter;tial

Frugivore size



Positive correlation between seed size and wood density
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Frugivore defaunation leads to loss of high carbon trees

Initial community Directed, non-random,
. extinction of large-bodied
High carbon frugivores Low carbon

Final defaunated community

Bello et al. 2015. Science Adv.



Frugivore defaunation leads to carbon erosion
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% Animal seed dispersal changes across the world
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Frugivore defaunation leads to carbon erosion

o

Frugivore loss
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Rewilding frugivory for carbon sequestration
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Agouti reintroduction recovers seed dispersal of a large-seeded
tropical tree

Pedro Mittelman? | Catharina Kreischer! | Alexandra S. Pires? | Fernando A.
S. Fernandez!







Feeding on tasty leaves f?om low carbon W Forest elephants also B N
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( Forest elephants are carbon storing machines
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Poaching
Centuries are required
for forest elephants to
recover to their historic
population level of

1.1 million. from

their current population

100,000

The carbon value of a ~
single forest elephant is & O\
Elephant Forestry Increase
African rainforests of

$ 1 7 5 m l I | Io n o t\\’ N Each forest elephant can
9,000 metric

stimulate a net increase in
¢
& ONe forest ele QN3 4 ? ) " j/tons

carbon capture in central
of carbgp dioxide per km?

Elephant Biomass Carbon
The amount of carbon on each
elephant is equivalent to

2.64 metric tons

of carbon dioxide

Deforestation
Deforestation in Africa is
happening 4 X faster than
the global rate, resulting in an
average loss roughly of
40,000
square kilometers
per year

Source: African Wikllife Foundation 2015
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Savannah elephants:steal aboveground carbon

Davies et al. 2019 Glob Change Biol.
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Negative effects of cattle and mesoherbivores on soil
C reversed by Megaherbivores
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Sitters et al. 2020, Nat Sustain



Negative effects of cattle and mesoherbivores on soil
C reversed by Megaherbivores
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Negative effects of cattle and mesoherbivores on soil
C reversed by Megaherbivores
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Grasslands: effects of large herbivores on soil C
changes with environmental conditions

Atmospheric
deposition

Biological
Denitrification fixation  volatilization
/g“t;@ Respiration
/\\}\ LT
D AN |)‘|
(10)- | ’
Ko ¥
Soil C pool o e
Soil N pool - + =
9) + 2) +/- 7) - 8) +
“il I<() ()1<()
Warm grasslands Cold grasslands

Erosion BNPP Leaching

@ Soil Carbon & Nitrogen @

Sitters et al. 2020, Glob. Change Biol

Nutrient Network: A Global Research Cooperative



Herbivores increase soil C and N where there is
nutrient enrichment
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Nutrient Network: A Global Research Cooperative



Herbivores increase soil C and N where there is
nutrient enrichment

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

Sitters et al. 2020, Glob. Change Biol

Nutrient Network: A Global Research Cooperative
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Reduced soil
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Albedo effect

snow and ice water without
covered water snow and ice

(Alhum change, by 5am Carana ] 1 Oi‘yﬂ 94%

for Arctic-news.blogspot.com
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b 200 Observations Holmdn, Sweden
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0.55

0.5

0.45

0.4

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 bad news, :
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Trophic cascades: Predators in rescue of Carbon
sequestration

(a) (b)
Atmospheric carbon pool Atmospheric carbon pool
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Figure 2. (a) When occurring at ecologically effective densities, sea otters reduuf sea urchins, resuhm;, 7in Iarge kelp sw.ndmg mx,ks

Allen, S. 2020, Routes
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Herbivorous Animals
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Large wild herbivores ALWAYS reduce fire

24 Fire frequency Fire intensity Bl Reduction of frequency / intensity
r || Mixed effects
20 ] No effects
B Increase in frequency / intensity
16
"
12

Number of studies

Rouet-Leduc 2021, JoAppEcol.



Flooding
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Plant Compositional Diversity
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Large wildlife make biodiversity hotspots more
resilient to Global Change

Diversity

0 30 60 90
Month

Villar et al. 2022, JoAppEcol.



Plant Compositional Diversity
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Large wildlife make biodiversity hotspots more
resilient to Global Change
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Journal of S Large frugivores slow down
Applied Ecolagy- - compositional change &
- I invasion of new species

Volume 58 * Number 11 » November 2021

]Directional comp. change

6 4 Faster LARGE HERBIVORES
compositional ABSENT
change
S
c 47
©
H =
o
(-
@
:
© 2+ ’ l I
e
Slower compositional LARGE HERBIVORES
change PRESENT
Editors: Jos Barlow, Nathalie Pettorelli, B

Philip Stephens, Martin Nufiez, Romina Rader, - ; y
Tadeu Siqueira 0 20 40

Interval

Villar et al. 2022, JoAppEcol.



Caribou Muskoxen
600 60

200

Large

erbivore diversity increases

Abundance
5
o
Abundance
8 &

N
1

Post et al. 2023, Science

!

Herbivore diversity
=
wu

Exclosed Ambient Exclosed Warmed Grazed Ambient

o

Do = -0.074 £ 0.007 6 | by = -0.064 + 0.007 6 | by = -0.051 + 0.006
By = -0.068 £ 0.009 by = -0.085 + 0.009 Byie = -0.057 = 0.009

(=] By = -0.040 & 0.006
by = -0.033 + 0.009

i
un
L

o

=

125}

Pt

(=1

Plant Compositional Diversity



Warming with lower or declining herbivore diversity and abundance

—

High Large Herbivore Diversity Low Large Herbivore Diversity

Plant Compositional Diversity

Persistence of Rare Species

Warming with higher or increasing herbivore diversity and abundance
Post et al. 2023, Science

Post et al. 2022, Sci. Rep.
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Aquatic ecosystems

BloTuRRATIoN:

LIVING BloMASS: ;
resuspension oe Sediments &
Meynecke et al 2023 Front. Mar. Sci. 2023. Creody
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an surrogates of wild/extinct species help in
the fight against Climate Change ?

Introduced species

Intreduced Nearest neighbor Introduced Nearest neighbor
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