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Climate extremes are expected to become more commonplace and more severe, putting species and eco-
systems at unprecedented risks. We recommend that rewilding programs can create conditions for ecosys-
tems to endure and recover rapidly from climate extremes by incorporating ecosystem engineers of various
body sizes and life forms.
Climate extremes (extreme weather or

extreme climate events) that are linked

with anthropogenic climate change are

increasing in frequency and intensity

across much of the biosphere.1 Among

these are heatwaves and extreme

droughts, which threaten species through

exposure to extremes of temperature and

low moisture. One of the major challenges

posed by climate extremes is in devising

strategies that optimize the conservation

and restoration of biodiversity. For

instance,heatwavescreatehighlystressful

conditions for several species. Over time,

species can go locally extinct as a result

of severe thermal stress, which eventually

leads to the fraying of food webs and the

breakdown of ecosystem functions.2

Given that heatwaves and droughts are

expected to only become more frequent

and extreme, it is crucial that conserva-

tion and restoration programs prioritize

approaches that minimize their severe

negative effects on biodiversity. One

strategy could lie in rewilding, an

approach that sees species (re)intro-

duced into our landscapes and is gener-

ating increasing attention across much

of the world. In this Commentary, we

outline how rewilding could reduce the

negative effects of climate extremes on

biodiversity mainly by protecting and

creating microhabitats.

What Is Rewilding?
The term ‘‘rewilding’’ was first used to

refer to the (re)introduction of large carni-
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vores for the restoration of usually a large

and connected wilderness area. The

concept originated in North America

with the reintroduction of species such

as wolves.3,4 This concept has since

extended to other areas of the world and

with other species, including the (re)intro-

ductions of large vertebrates, such as her-

bivores (e.g., red deer or Eurasian elks) in

Europe. Given its successes in restoring

lost species (or similar, proxy species), re-

wilding has been gaining popularity in

conservation programs. Moreover, it can

also benefit the overall well-being of eco-

systems and their biodiversity. For

instance, river floodplains in the

Netherlands were restored by the reintro-

duction of primitive cattle, horse breeds,

and beavers, creating a landscape of

grasslands and shrubs that provide habi-

tats for migratory birds.5

More recently, the key ingredient of

many recent rewilding programs has

been allowing ecosystems to restore

with as few human interventions as

possible so that natural processes can re-

gain their dominance and reduce the need

for ongoing management.3,6 In line with

this, a broader concept of rewilding has

recently been proposed as a strategy for

conserving and/or restoring complex

ecosystem dynamics in natural areas.4

This approach of rewilding goes beyond

the focus on large, often charismatic

vertebrate animals and includes plants

and animals (of any size) that contribute

to the functioning of ecosystems.
ier Inc.
Within this recent concept of rewilding,

there is much potential to conserve or

restore natural habitats and their species.

One opportunity is to take advantage of

ecosystem engineering species for their

ability to create microhabitats. These mi-

crohabitats can rescue other species dur-

ing climate extremes and therefore help

protect ecosystems.

Importance of Microhabitats during
Climate Extremes
Microhabitats are local habitats that

are constructed by the activity of

ecosystem engineering species and are

habitable for other additional species.7

Although every species to some extent

modifies its environment, here we focus

on ecosystem engineers that physically

create and maintain habitats for other

species through their biological activities.

Ecosystem engineers can be of any life

form (plant or animal) and of any body

size. Some well-known ecosystem engi-

neers are trees, aquatic plants, coral

reefs, benthic worms, ants, termites,

earthworms, beavers, prairie dogs, bison,

and elephants. Their activities can alter

habitats at smaller scales, such as by

changing soil structure and creating cav-

ities in trees, to much larger scales, such

as generating openings in forest can-

opies, digging extensive burrows, and

creating understories beneath vegetation.

Through these activities, ecosystem engi-

neers not only provide a variety of poten-

tial microhabitats for species to reside in
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TREE 
Tree holes have cooler 
temperature during 
heat waves which 
shelter species like 
birds and bats.

BEAVER 
Beaver dams 
protect 
salmonids 
during heat 
waves by 
providing 
them with 
sufficient 
refuge.

EARTHWORMS
Soil micro-arthro-
pods benefit from 
earthworm burrows 
in the soil during 
heat waves and 
extreme drought.

PRAIRIE DOGS 
The soil 
burrow 
and mound 
made by 
prairie dogs 
are crucial 
to protect 
burrow 
dwelling 
mammals 
during heat 
waves.

TERMITES
Termite mounds remain moist during extreme 
drought and therefore promote seedling 
survival and decomposition by microorganisms

Tree shading 
is crucial for 
resting times 
for large 
herbivores 
during heat 
waves.

Figure 1. Examples of Microhabitats Created by Ecosystem Engineers in Rescuing other Species during Climate Extremes
These examples are only a limited set of ecosystem engineers that have the potential to rescue other species during climate extremes. In this Commentary, we
suggest that rewilding programs help foster ecosystem engineers, and their engineering activities are crucial for protecting several groups of species during
climate extremes.
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but also provide them with favorable tem-

perature and moisture, which are often

more stable than the surrounding environ-

ment. These microhabitats will therefore

be important refuges for species during

extremes of temperature and drought

(Figure 1).

The key feature of microhabitats is

that the abiotic conditions therein are

generally less harsh than the ambient

climate at larger spatial scales. Micro-

habitats such as tree holes in some

tropical habitats are about 4�C cooler

than the surrounding air temperatures.8

Moreover, microhabitats provide more

stable temperature conditions for spe-

cies. Hollows in old trees are a good

example of this. They could provide

more stable microclimates for animals

such as bats and birds (with a maximum
buffering of 15.1�C below the surround-

ing air temperature), particularly during

the hottest periods.9 Compared with

their vulnerability in surrounding temper-

atures, the vulnerability of ectothermic

animals (whose body temperature de-

pends on external sources) such as

frogs and lizards decreases in micro-

habitats by several folds.10 The engi-

neering activities of ecosystem engi-

neers can also directly benefit other

species during climate extremes. For

instance, during an experimentally

induced extreme drought, dung beetles

created microhabitats by modifying soil

structures, which were then able to

enhance soil water retention by 10%.

This in turn promoted plant growth by

nearly 300% in drought treatments.11 It

is therefore likely that the introduction
and conservation of ecosystem engi-

neers can help protect and restore

natural habitats and make them

better equipped to withstand climate

extremes.

Microhabitat Protection via
Rewilding
Although the benefits that ecosystem

engineers bring to conserving and

restoring natural ecosystems are undeni-

able, many habitats have lost some of

these vital species as a result of anthropo-

genic disturbances. In other ecosystems,

these engineers are often threatened.

Moreover, they can be vulnerable to the

same climate extremes from which they

protect other species. If these ecosys-

tems lose their engineers, several other

species could be pushed to local
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extinction. Rewilding programs can

foster the conservation of microhabitats

during climate extremes by focusing on

the conservation of ecosystem engineer-

ing plants, invertebrates, and vertebrates

of various size groups. To improve our op-

portunities for success, wemust bemind-

ful of a number of factors.

We must build an inventory of key

ecosystem engineering organisms in hab-

itats targeted for rewilding. Although this

might not be a simple undertaking, a bet-

ter understanding of which organisms in a

targeted habitat are key species for

microhabitat construction and mainte-

nance will do much to build upon the suc-

cesses of rewilding projects.

We must also be mindful that

ecosystem engineers differ in their body

sizes and their ability to disperse, and so

they operate at different spatial scales.

Ecosystem engineers ranging from those

as small as insects (dung beetles or ter-

mites) to those as large as vertebrate her-

bivores (e.g., deer or elks) construct mi-

crohabitats of different sizes, and they

do so in different ways. Reintroducing a

greater diversity of such species can

therefore help create a greater variety of

microhabitats. The greater the variety of

microhabitats during climate extremes,

the higher the chances of biodiversity

rescue. However, we also caution that

the introduction of non-native ecosystem

engineers can be detrimental to native

species.

There is a chance that some ecosystem

engineers will decline dramatically after

an extreme climatic event. Rather than

taking these as failures, rewilding pro-

grams can help repopulate the engineer-

ing species of interest, including the

native engineering species. This could

even involve relocating the native

ecosystem-engineering species of inter-

est to disturbed habitats to accelerate

the recovery of other species that rely on

specific microhabitats.

We must also be mindful of how a re-

introduced species could affect the

ecosystem engineers that are already

present in the system. For instance, re-

wilding with larger herbivores could

negatively affect or, alternatively,

enhance the biological activities of

smaller ecosystem engineers already

present in the targeted habitat. One

good example is how the dung of howler

monkeys promotes the abundance of
508 One Earth 2, June 19, 2020
dung beetles and how the activity of

dung beetles promotes nutrient availabil-

ity for tree growth, on which howler

monkeys depend.4 Preserving such

ecological interactions is vital for protect-

ing biodiversity during climate extremes.

Finally, rewilding should also promote

extensive land-use management strate-

gies that can foster both engineering

and other species. For instance, less

intensive livestock grazing promotes

the growth of vegetation, such as tall

grasses, beneath which microhabitats

for several soil-dwelling organ-

isms exist.
Outlook
Rewilding is generating a lot of interest

among conservation practitioners and

policymakers and is more than an oppor-

tunity to see charismatic animals in our

countryside and wild areas. However, it

still receives less attention for its potential

to conserve biodiversity during climate

extremes. We believe that it can bring a

broad swathe of benefits to restore

ecosystem functions and create micro-

habitats to help other species endure

climate extremes. Restoring habitats after

climate extremes with a focus on promot-

ing ecosystem engineers can enhance the

recovery rate of many other species that

depend on microhabitats.12 This can

significantly help in the rapid recovery of

our ecosystems.

Thus far, however, several rewilding

programs have explicitly prioritized the

introduction of large and charismatic

vertebrate animals (e.g., wolves, beavers,

red deer, ibexes, Eurasian elks, tapirs,

and howler monkeys) and large-scale

wild-area restoration with less consider-

ation to small-sized organisms.3,13 This

can be problematic because many large

animals depend on smaller organisms

through a vast number of ecological inter-

actions.14 In the absence of their micro-

habitats, some of these smaller organ-

isms are also likely to be vulnerable

during climate extremes. If we are to pro-

tect natural ecosystems from climate

extremes, we must take a ‘‘whole

ecosystem’’ perspective when planning

for rewilding. We must remember the

importance of ecosystem engineers—

not only the size or popularity of the spe-

cies—and be aware of how they interact

with other species.
As the world faces and will continue to

facemore frequent and severe climate ex-

tremes, it is crucial that we prepare, pro-

tect, and restore ecosystems. We advo-

cate that identifying native ecosystem

engineers of various body sizes in target

habitats and prioritizing their presence in

rewilding programs will be crucial for

protecting native biodiversity via their

microhabitat protection and maintenance

in a world exposed to increasing climatic

extremes. We believe that modern rewild-

ing programs have great potential to

achieve this.
ACKNOWLEDGMENTS

We thank Friedericke Arndt (info@formenorm.de)
for drawing the figure. M.P.T. acknowledges fund-
ing from the German Research Foundation (DFG,
TH 2307/1-1, 2-1).
REFERENCES

1. (2018). Summary for policymakers. In Global
Warming of 1.5�C, V. Masson-Delmotte, P.
Zhai, H.-O. Portner, D. Roberts, J. Skea, P.
Shukla, A. Pirani, W. Moufouma-Okia, C.
Pean, and P. Pidcock, et al., eds.
(Intergovernmental Panel on Climate Change).
https://www.ipcc.ch/sr15/chapter/spm/.

2. Harris, R.M.B., Beaumont, L.J., Vance, T.R.,
Tozer, C.R., Remenyi, T.A., Perkins-
Kirkpatrick, S.E., Mitchell, P.J., Nicotra, A.B.,
McGregor, S., Andrew, N.R., et al. (2018).
Biological responses to the press and pulse
of climate trends and extreme events. Nat.
Clim. Chang. 8, 579–587.

3. Corlett, R.T. (2016). Restoration, reintroduc-
tion, and rewilding in a changing world.
Trends Ecol. Evol. 31, 453–462.

4. Perino, A., Pereira, H.M., Navarro, L.M.,
Fernández, N., Bullock, J.M., Ceaușu, S.,
Cortés-Avizanda, A., van Klink, R.,
Kuemmerle, T., Lomba, A., et al. (2019).
Rewilding complex ecosystems. Science
364, eaav5570.

5. Jepson, P., Schepers, F., and Helmer, W.
(2018). Governing with nature: a European
perspective on putting rewilding principles
into practice. Philos. Trans. R. Soc. Lond.
B Biol. Sci. 373, 20170434.

6. Seddon, P.J., Griffiths, C.J., Soorae, P.S., and
Armstrong, D.P. (2014). Reversing defauna-
tion: restoring species in a changing world.
Science 345, 406–412.

7. Wright, J., and Jones, C. (2006). The concept
of organisms as ecosystem engineers ten
years on: progress, limitations, and chal-
lenges. Bioscience 56, 203–209.

8. Scheffers, B.R., Evans, T.A., Williams, S.E.,
and Edwards, D.P. (2014). Microhabitats in
the tropics buffer temperature in a globally
coherent manner. Biol. Lett. 10, 20140819.

9. O’Connell, C., and Keppel, G. (2016). Deep
tree hollows: important refuges from extreme
temperatures. Wildl. Biol. 22, 305–310.

10. Scheffers, B.R., Edwards, D.P., Diesmos, A.,
Williams, S.E., and Evans, T.A. (2014).
Microhabitats reduce animal’s exposure to

mailto:info@formenorm.de
https://www.ipcc.ch/sr15/chapter/spm/
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref2
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref2
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref2
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref2
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref2
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref2
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref2
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref3
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref3
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref3
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref4
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref4
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref4
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref4
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref4
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref4
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref5
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref5
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref5
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref5
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref5
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref6
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref6
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref6
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref6
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref7
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref7
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref7
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref7
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref8
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref8
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref8
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref8
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref9
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref9
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref9
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref10
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref10
http://refhub.elsevier.com/S2590-3322(20)30215-3/sref10


Commentary
ll
climate extremes. Glob. Change Biol. 20,
495–503.

11. Johnson, S.N., Lopaticki, G., Barnett, K.,
Facey, S.L., Powell, J.R., and Hartley, S.E.
(2016). An insect ecosystem engineer
alleviates drought stress in plants without
increasing plant susceptibility to an
above-ground herbivore. Funct. Ecol. 30,
894–902.
12. Harvey, J.A., Heinen, R., Armbrecht, I., Basset,
Y., Baxter-Gilbert, J.H., Bezemer, T.M., Böhm,
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