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Reversing defaunation by trophic rewilding in empty forests
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ABSTRACT

Defaunation has a major driver of biodiversity loss in tropical forests. Here we discuss how to reverse defaunation by re-introducing
key species in defaunated or restored forests.
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DEFAUNATION, THE GLOBAL, LOCAL OR FUNCTIONAL EXTINCTION OF

ANIMAL POPULATIONS OR SPECIES, has become one of the ubiquitous
drivers of biodiversity loss in the Anthropocene (Dirzo et al. 2014).
Tropical ecosystems are increasingly affected by defaunation, par-
ticularly of large vertebrates (Peres & Palacios 2007, Corlett 2013)
leading to severe ecological disruptions and to the loss of important
ecosystem processes and services (Effiom et al. 2013, Kurten 2013,
Bello et al. 2015). While the proportion of ‘empty forests’ continues
to increase in the tropics, ‘rewilding’ projects, including the reintro-
duction of formerly extinct species, continue to attract much debate
and attention (Seddon et al. 2014, Svenning et al. 2016).

The idea of rewilding has faced much controversy primarily
because of early focus on the goal of recovering Pleistocene
ecosystems. Pleistocene rewilding as first proposed by Galetti
(2004) for tropical savannas in South America and Zimov (2005)
for steppe ecosystems were thought as experimental fenced parks
(the so-called ‘Pleistocene parks’) to test the role of megafauna in
key ecological processes such as herbivory and seed dispersal. In
fact, both authors never mentioned the term ‘rewilding’ that was
first proposed by Soul�e and Noss (1998) for restoring only top
predators in North American landscape. The term ‘rewilding’ did
not get much attention until Donlan et al. (2005) popularized the
controversial idea of introducing ecological/phylogenetic ana-
logues of extinct Pleistocene megafauna to North American
ecosystems. Thus, the idea of rewilding was first met by strong
rejection by the scientific community because it was linked to the
idea of introducing exotic species such as lions, cheetahs,

elephants, and camels to replace the function of extinct Pleis-
tocene megafauna in natural ecosystems (Rubenstein et al. 2006,
Caro 2007, Oliveira-Santos & Fernandez 2010, Rubenstein &
Rubenstein 2016). Although no introduction of elephants or lions
was actually attempted in the Americas, every now and then there
are still papers heating this debate (Nogu�es-Bravo et al. 2016).

While there is a general consensus that restoring the ecologi-
cal functions lost from natural ecosystems is vital for maintaining
self-regulated ecosystems (Seddon et al. 2014), there is no consen-
sus if the ecological function of extinct Pleistocene species should
or even can be replaced by living species under our current
climate scenario (Richmond et al. 2010).

A less radical type of rewilding is the reintroduction of living
species that have been recently lost from their habitat. This strat-
egy can be particularly important in forests undergoing restora-
tion. For example, as tree plantations in former agricultural lands
embedded in highly modified landscapes that hamper natural fau-
nal recolonization (Rodrigues et al. 2011). In the lack of active
reintroductions of some groups of native animals, plant species
may not be able to persist due to limitations in key ecological
interactions (Hobbs & Cramer 2008).

Here, we discuss ‘trophic rewilding’ (sensu Svenning et al. 2016)
via species reintroductions as a strategy for restoring ecological pro-
cesses in defaunated or planted forest patches. Trophic rewilding
has the goal of restoring trophic interactions to achieve self-regulat-
ing ecosystems (Svenning et al. 2016). Focusing on the reintroduc-
tion of locally extinct species is less radical and may prove less
ecologically and socially contentious than Pleistocene rewilding.

A defaunated rain forest with great potential and benefit
from this approach of trophic rewilding is the Atlantic forest of
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South America, a biodiversity hotspot (Myers et al. 2000) where
~12 percent of the original forest is left, mostly in small (<50 ha)
forest patches (Ribeiro et al. 2009). Fragmentation has been a
major driver of defaunation in the Atlantic Forest, as an abrupt
decline of vertebrate community integrity has been observed in
landscapes with less than 30 percent habitat cover remaining
(Banks-Leite et al. 2014), and six of the seven biogeographical
regions of the biome have less than half of this threshold
(Ribeiro et al. 2009). In addition to heavy fragmentation, hunting
has decimated most of the mammalian fauna even in large forest
remnants (Galetti et al. 2009, Jorge et al. 2013).

Forest restoration is then necessary to further mitigate spe-
cies extinction in this biome, while providing new habitat for
reintroducing those species locally extinct by both fragmentation
or hunting (e.g., Bernardo 2012). Ambitious forest restoration
programs have thus been established. For instance, The Atlantic
Forest Restoration Pact, a coalition of more than 250 institutions
including governments, NGOs, private companies and academia,
launched the goal to restore 15 million ha by 2050 (Melo et al.
2013). Following this call, and the legal requirements to restore
over 20 million ha of native ecosystems in private farms to com-
ply with the Forest Code (Soares-Filho et al. 2014), many large-
scale forest restoration projects have been implemented across
the Atlantic Forest and mobilized an unprecedented amount of
resources to reestablish highly diverse tropical forests in agricul-
tural landscapes (Rodrigues et al. 2011, Latawiec et al. 2015).

Most restoration projects consider that once a forest type
is established, preferably with a large array of native species,

the area will gradually be colonized by new species, including
fauna. This hypothesis has been called as the ‘field of dreams’
myth: ‘build it and they will come’ (Hilderbrand et al. 2005).
However, it is not the case for the Atlantic Forest, where key
large-bodied species are no longer found in forest remnants
(Jorge et al. 2013), so they would not be able to colonize adja-
cent restoration sites, which further compromises the self-sus-
tainability of the restored community. While small to medium-
sized birds have been found in restoration sites, large-bodied
birds are absent (Silva et al. 2015). Thus, there remains an
urgent need to reverse defaunation in order to re-establish
important ecological (Brodie & Aslan 2012, Seddon et al. 2014)
and evolutionary processes (Galetti et al. 2013).

The best candidate species for trophic rewilding projects
would have to fulfill the following criteria: (1) species that have
suitable captive stocks, either in zoos, wild animals screening cen-
ters or private captive breeding; (2) species that are habitat gener-
alists but provide an unique ecological service that is absent in
most restored or remnant defaunated forests; (3) species which
do not represent a high health and economic risk to humans (e.g.,
top predators, disease vectors, agricultural pests); (4) species that
can be easily managed if they reach high abundances; and (5)
species with small home ranges. The ideal sites for refaunation
include: (1) areas where the impact of hunting and domestic dogs
or other invasive species is minor; (2) landscapes with habitat
large enough to maintain a minimum sustainable population size;
(3) forest patches with sufficient resources to support the popula-
tions of reintroduced species.

TABLE 1. Potential candidates for refaunation projects in Neotropical defaunated forests.

Group

Refaunation

candidates Common name

Home

range (ha)

Ecological/

economical risks Ecological benefits Failure causes

Reintroduction

sequence

Mammal Agouti paca Paca 1.5–3.5 Overbrowsing,

seed predation

Seed predation Hunting, predation

by domestic dogs

1

Mammal Alouatta spp. Howler monkey 0.4–1.1 None Seed dispersal,

nutrient cycling

Loss of group cohesion,

dog predation

1

Mammal Bradypus spp. Sloth 2.8–5.9 None Nutrient cycling Pet trade 1

Reptile Chelonoidis carbonarius Tortoise 0.6–600 None Seed dispersal of large

seeded plants

Pet trade 1

Bird Crax/Penelope/Pipile Cracids 150–200 None Seed dispersal Hunting, predation by

domestic dogs

1

Mammal Dasyprocta spp. Agouti 3.0–8.5 Overbrowsing,

seed predation

Seed dispersal of large

seeded plants

Hunting, predation by

domestic dogs

1

Mammal Tapirus terrestris Tapir 190–302 Crop raiding Seed dispersal of large

seeded plants

Hunting, predation by

domestic dogs

1

Bird Tinamus solitarius Tinamou Unavailable None Seed predation Hunting, predation by

domestic dogs

1

Mammal Pecari tajacu Collared peccary 123–305 Crop raiding Seed predation,

soil engineering

Hunting, predation by

domestic dogs

2

Bird Ramphastos/

Selenidera/Pteroglosus

Toucan, toucanets 86-191 Increase in nest

predation

Seed dispersal of large

seeded plants

Pet trade, Hunting 2

Mammal Leopardus spp. Ocelot, margay 319–3710 Poultry predation Top predator Hunting, predation by

domestic dogs
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The sets of species fulfilling these criteria vary among
regions, and must be sorted out regionally. Here, we suggest a list
of potential candidates for trophic rewilding for Atlantic Forest
(Table 1; Fig. 1), but other authors have been discussing for
other ecosystems (Louys et al. 2014, Sandom et al. 2013, Corlett
2016). For each species, the expected ecological benefits must be
weighed locally against the ecological and economic risks and the
chances of failure, but continuous monitoring is necessary. In
addition, just as in restoring plant communities, there should be
suitable sequences for inserting species. For example, generalists
of the lower trophic levels should be reintroduced first, followed
by more specialist species, which would benefit from a richer
trophic web. Finally, apex predators should be inserted only after
their prey populations have been safely established (Table 1).

Trophic rewilding programs are already taking place in a few
defaunated rainforests. For instance, in Tijuca National Park in
Rio has already reintroduced agoutis (Dasyprocta leoporina) and
howler monkeys (Alouatta clamitans) (Cid et al. 2014). In this for-
est patch of about 4000 ha, 23 large seeded tree species rely on
scatter hoarding rodents and the introduction of agoutis has res-
urrected this extinct plant-animal interaction (Zucaratto & Pires
2015). In restored forests we still lack examples of trophic

rewilding but this is an open opportunity for collaboration
between wildlife managers and forestry ecologists. If well man-
aged, small forest fragments and restored forest can became
important for maintaining important ecosystem services.

Trophic rewilding programs have usually attracted high inter-
est, support and enthusiasm from the local people and will be an
essential management tool for the success of forest restoration
projects and they are certainly more feasible, controlled and
accepted than Pleistocene rewilding projects. Although more
empirical data is necessary to fully understand how to reestablish
extinct ecological interactions, it will be an important alternative
to reverse defaunation in tropical ecosystems and its conse-
quences for vital ecosystem services.
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FIGURE 1. Potential candidates for trophic rewilding programs for defaunated Neotropical forests. (A) Guans (Penelope spp.) (Photo M. Galetti), (B) Toucanets

(Selenidera spp.) (Photo Edson Endrigo), (C) Tortoises (Chelonoidis spp.)(Photo M. Galetti), (D) Agoutis (Dasyprocta spp.)(Photo M. Terranova), (E) Tapirs (Tapirus

terrestris)(Photo M. Galetti), (F) Collared peccaries (Tayassu tajacu)(Photo M. Galetti)

Reversing Defaunation 3



Financial support was provided by CNPq, Fundac�~ao Grupo
Botic�ario de Protec�~ao �a Natureza and FAPERJ. MG, FASF and
A. S. Pires receive fellowships from CNPq. A. Dunham and E.
Bruna for critical comments on the manuscript.

LITERATURE CITED

BANKS-LEITE, C., R. PARDINI, L. R. TAMBOSI, W. D. PEARSE, A. A. BUENO, R.
T. BRUSCAGIN, T. H. CONDEZ, M. DIXO, A. T. IGARI, A. C. MARTENSEN,
AND J. P. METZGER. 2014. Using ecological thresholds to evaluate the
costs and benefits of set-asides in a biodiversity hotspot. Science 345:
1041–1045.

BELLO, C., M. GALETTI, M. A. PIZO, L. F. S. MAGNAGO, M. F. ROCHA, R. A. F.
LIMA, C. A. PERES, O. OVASKAINEN, AND P. JORDANO. 2015. Defauna-
tion affects carbon storage in tropical forests. Sci. Adv. 1: e1501105.

BERNARDO, C. S.. 2012. Reintroduction as a conservation tool for threatened
Galliformes: the Red-billed Curassow Crax blumenbachii case study
from Rio de Janeiro state, Brazil. J. Ornithol. 153: 135–140.

BRODIE, J. F., AND C. E. ASLAN. 2012. Halting regime shifts in floristically
intact tropical forests deprived of their frugivores. Restor. Ecol. 20:
153–157.

CARO, T. 2007. The Pleistocene re-wilding gambit. Trends Ecol. Evol. 22:
281–283.

CID, B., L. FIGUEIRA, A. F. MELLO, A. S. PIRES, AND F. A. FERNANDEZ. 2014.
Short-term success in the reintroduction of the red-humped agouti
Dasyprocta leporina, an important seed disperser, in a Brazilian Atlantic
forest reserve. Trop. Conserv. Sci. 7: 796–810.

CORLETT, R. T. 2013. The shifted baseline: Prehistoric defaunation in the trop-
ics and its consequences for biodiversity conservation. Biol. Conserv.
163: 13–21.

CORLETT, R. T. 2016. Restoration, reintroduction, and rewilding in a changing
world. Trends Ecol. Evol. 31: 453–462.

DIRZO, R., H. S. YOUNG, M. GALETTI, G. CEBALLOS, N. J. B. ISAAC, AND B. COL-

LEN. 2014. Defaunation in the Anthropocene. Science 345: 401–406.
DONLAN, J., H. GREEN, J. BERGER, C. BOCK, J. BOCK, D. BURNEY, J. ESTES, D.

FOREMAN, P. MARTIN, AND G. ROEMER. 2005. Re-wilding North Amer-
ica. Nature 436: 913–914.

EFFIOM, E. O., G. NUNEZ-ITURRI, H. G. SMITH, U. OTTOSSON, AND O. OLSSON.
2013. Bushmeat hunting changes regeneration of African rainforests.
Proc. R. Soc. Lond. B Biol. Sci. 280: 1–9.

GALETTI, M. 2004. Parks of the Pleistocene: recreating the cerrado and the
Pantanal with megafauna. Natureza & Conservac�~ao 2: 93–100.

GALETTI, M., H. C. GIACOMINI, R. S. BUENO, C. S. S. BERNARDO, R. M. MAR-

QUES, R. S. BOVENDORP, C. E. STEFFLER, P. RUBIM, S. K. GOBBO, C. I.
DONATTI, R. A. BEGOTTI, F. MEIRELLES, R. D. A. NOBRE, A. G. CHIAR-

ELLO, AND C. A. PERES. 2009. Priority areas for the conservation of
Atlantic forest large mammals. Biol. Conserv. 142: 1229–1241.

GALETTI, M., R. GUEVARA, M. C. CORTES, R. FADINI, S. VON MATTER, A. B.
LEITE, F. LABECCA, T. RIBEIRO, C. S. CARVALHO, R. G. COLLEVATTI, M.
M. PIRES, P. R. GUIMARAES, P. H. BRANCALION, M. C. RIBEIRO, AND P.
JORDANO. 2013. Functional extinction of birds drives rapid evolution-
ary changes in seed size. Science 340: 1086–1090.

HILDERBRAND, R. H., A. C. WATTS, AND A. M. RANDLE. 2005. The myths of
restoration ecology. Ecol. Soc. 10: 19.

HOBBS, R. J., AND V. A. CRAMER. 2008. Restoration ecology: interventionist
approaches for restoring and maintaining ecosystem function in the
face of rapid environmental change. Annu. Rev. Environ. Resour. 33:
39–61.

JORGE, M. L. S. P., M. GALETTI, M. C. RIBEIRO, AND K. M. P. M. B. FERRAZ.
2013. Mammal defaunation as surrogate of trophic cascades in a
biodiversity hotspot. Biol. Conserv. 163: 49–57.

KURTEN, E. L. 2013. Cascading effects of contemporaneous defaunation on
tropical forest communities. Biol. Conserv. 163: 22–32.

LATAWIEC, A. E., B. B. N. STRASSBURG, P. H. S. BRANCALION, R. R. RODRIGUES,
AND T. A. GARDNER. 2015. Creating space for large-scale restoration in
tropical agricultural landscapes. Front. Ecol. Environ. 13: 211–218.

LOUYS, J., R. T. CORLETT, G. J. PRICE, S. HAWKINS, AND P. J. PIPER. 2014.
Rewilding the tropics, and other conservation translocations strategies
in the tropical Asia-Pacific region. Ecol. Evol. 4: 4380–4398.

MELO, F. P. L., S. R. R. PINTO, P. H. S. BRANCALION, P. S. CASTRO, R. R.
RODRIGUES, J. ARONSON, AND M. TABARELLI. 2013. Priority setting for
scaling-up tropical forest restoration projects: Early lessons from the
Atlantic Forest Restoration Pact. Environ. Sci. Policy 33: 395–404.

MYERS, N., R. MITTERMEIER, C. MITTERMEIER, G. FONSECA, AND J. KENT. 2000.
Biodiversity hotspots for conservation priorities. Nature 403: 853–858.

NOGU�ES-BRAVO, D., D. SIMBERLOFF, C. RAHBEK, AND N. J. SANDERS. 2016.
Rewilding is the new Pandora’s box in conservation. Curr. Biol. 26:
R87–R91.

OLIVEIRA-SANTOS, L. G., AND F. A. FERNANDEZ. 2010. Pleistocene rewilding,
frankenstein ecosystems, and an alternative conservation Agenda. Con-
serv. Biol. 24: 4–5.

PERES, C. A., AND E. PALACIOS. 2007. Basin-wide effects of game harvest on
vertebrate population densities in amazonian forests: Implications for
animal-mediated seed dispersal. Biotropica 39: 304–315.

RIBEIRO, M. C., J. P. METZGER, A. C. MARTENSEN, F. J. PONZONI, AND M. M.
HIROTA. 2009. The Brazilian Atlantic Forest: How much is left, and
how is the remaining forest distributed? Implications for conservation.
Biol. Conserv. 142: 1141–1153.

RICHMOND, O. M., J. P. MCENTEE, R. J. HIJMANS, AND J. S. BRASHARES. 2010. Is
the climate right for Pleistocene rewilding? Using species distribution
models to extrapolate climatic suitability for mammals across conti-
nents PLoS ONE 5: e12899.

RODRIGUES, R. R., S. GANDOLFI, A. G. NAVE, J. ARONSON, T. E. BARRETO, C.
Y. VIDAL, AND P. H. S. BRANCALION. 2011. Large-scale ecological
restoration of high-diversity tropical forests in SE Brazil. For. Ecol.
Manage. 261: 1605–1613.

RUBENSTEIN, D. R., AND D. I. RUBENSTEIN. 2016. From Pleistocene to trophic
rewilding: A wolf in sheep’s clothing. Proc. Natl Acad. Sci. USA 113:
E1.

RUBENSTEIN, D. R., D. I. RUBENSTEIN, P. W. SHERMAN, AND T. A. GAVIN. 2006.
Pleistocene park: Does re-wilding North America represent sound
conservation for the 21st century? Biol. Conserv. 132: 232–238.

SANDOM, C., C. J. DONLAN, J.-C. SVENNING, AND D. HANSEN (2013) Rewilding.
In D. W. Macdonald, and K. J. Willis (Eds.). Key topics in conserva-
tion biology 2, pp. 430–451. John Wiley & Sons, Oxford.

SEDDON, P. J., C. J. GRIFFITHS, P. S. SOORAE, AND D. P. ARMSTRONG. 2014. Rev-
ersing defaunation: Restoring species in a changing world. Science 345:
406–412.

SILVA, F. R., D. MONTOYA, R. FURTADO, J. MEMMOTT, M. A. PIZO, AND R. R.
RODRIGUES. 2015. The restoration of tropical seed dispersal networks.
Restor. Ecol. 23: 852–860.

SOARES-FILHO, B., R. RAJ~AO, M. MACEDO, A. CARNEIRO, W. COSTA, M. COE, H.
RODRIGUES, AND A. ALENCAR. 2014. Cracking Brazil’s Forest Code.
Science 344: 363–364.

SOUL�E, M., AND R. NOSS. 1998. Rewilding and biodiversity: complementary
goals for continental conservation. Wild Earth 8: 19–28.

SVENNING, J. C., P. B. PEDERSEN, C. J. DONLAN, R. EJRNAES, S. FAURBY, M.
GALETTI, D. M. HANSEN, B. SANDEL, C. J. SANDOM, J. W. TERBORGH,
AND F. W. VERA. 2016. Science for a wilder Anthropocene: Synthesis
and future directions for trophic rewilding research. Proc. Natl Acad.
Sci. USA 113: 898–906.

ZIMOV, S. A. 2005. Pleistocene park: return of the mammoth’s ecosystem.
Science 308: 796–798.

ZUCARATTO, R., AND A. S. PIRES. 2015. Local extinction of an important seed
disperser does not modify the spatial distribution of the endemic palm
Astrocaryum aculeatissimum (schott) burret (arecaceae). Acta Bot. Brasil-
ica 29: 244–250.

4 Galetti et al.


