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ABSTRACT
1. The Gran Chaco in central South America is a major savanna woodland ecosystem. Accelerated changes in land use within it have resulted in a complex
matrix of areas with varying capabilities for sustaining wildlife. Furthermore,
hunting and habitat loss increasingly threaten the functional diversity of
mammals found there.
2. We assess the potential consequences of the loss of large and medium-sized
native mammalian herbivores and frugivores on Chacoan ecosystem functioning,
focusing on their role and conservation status in the Argentine Chaco.
3. Our review shows that almost 50% of the largest frugivorous mammals present
in the Argentine Chaco are threatened and exhibit declining population trends.
Their decline may cause changes in vegetation composition, since almost 53% of
the Chacoan woody plant species display endozoochory as their seed dispersal
mechanism. Moreover, 80% of the largest herbivores are threatened, which may
also lead to a compositional change in savanna vegetation.
4. There is a significant void of information regarding the population status
of native mammals in the Argentine Chaco and the functional roles they play in
the ecosystem, and there are few studies examining the consequences of their
potential loss.
5. We express our concern with the major changes taking place in this subtropical
region due to significant and rapid habitat transformations and emphasize the
important role of ecological functionality in restoration and conservation planning in the Gran Chaco.
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INTRODUCTION
The Gran Chaco is one of the main biogeographical regions
in South America and the largest ecoregion after Amazonia
(Dinerstein et al. 1995). This savanna woodland ecosystem
extends through the present territories of Argentina,
Bolivia, Paraguay and south western Brazil, between the
Paraguay and Paraná rivers and the Andean high plains
(Fig. 1). The Gran Chaco is considered a vulnerable
ecoregion of great importance to conservation at both local
and regional scales due to the high levels of endemism and
mammalian species richness it harbours (Redford et al.
1990, Mares 1992, Olson et al. 2001, Ojeda et al. 2002,
Torres & Jayat 2010, Sandoval & Bárquez 2013). Chacoan
vegetation ranges from dense, moist woodlands and thickets
through open shrublands to extensive treeless grasslands;
the composing communities form a series of floristic, faunal
and environmental gradients (Bucher 1982). Herbivory,
along with rain and fire, are the main agents that structure
the vegetation of this ecosystem, resulting in an extensive
savanna interspersed with patches of forest (Bucher 1987,
van der Waal et al. 2011). The balance between woody and

Fig. 1. Map of the South American Gran Chaco (Dinerstein et al.
1995). The Argentine Chaco is the specific focus of this review.
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herbaceous cover is regulated by a combination of these
factors (Bucher 1982, Augustine & McNaughton 2004,
Staver et al. 2011, Hoffmann et al. 2012), as well as the evolutionary history of the savanna (Lehman et al. 2014).
The Gran Chaco is characterized by competing or coexisting land uses produced by historical and contemporary
interactions between socio-economic and intrinsic biophysical characteristics (Morello & Saravia Toledo 1959a, b,
Baldi & Jobbágy 2012). The impact of human activity is
linked to the introduction of domestic cattle and deforestation, which led to the elimination of fire-climax grasslands
as well as to the alteration of forest composition and structure (Bucher 1982, Gasparri & Grau 2009). The replacement
of grasslands by shrubs is attributed to a synergy between
herbivores, climate and fire (Beerling & Osborne 2006), and
the degree to which each factor regulates the dynamics of
woody plants can have significant implications on the conservation and management of the savannas. More specifically, the occurrence of these three factors can exhibit
positive feedbacks by removing and preventing forest
encroachment and providing space for grasses that fuel
more fires. In the case of herbivores, however, negative feedbacks are also observed, as they select certain grasses, thus
reducing the flammability of the system and therefore promoting tree survival (Beerling & Osborne 2006).
The mammals of savanna ecosystems are key components of their dynamics due to the roles they exert
(McNaughton et al. 1988, Frank et al. 1998, Odadi et al.
2011), and it is therefore essential to analyse how they cope
with highly fragmented, human-influenced, unprotected
landscapes. In particular, native herbivorous and frugivorous mammals are known to provide several ecosystem services to humans, including ecological (regulating ecosystem
dynamics through seed dispersal of key plant species and
plant recruitment), cultural (ecotourism, traditional uses
and education) and provisioning (bush meat) services (du
Toit & Cumming 1999, Schipper et al. 2008). However,
although more than 100 species of native mammal inhabit
the Gran Chaco (Anonymous 2005), there is an alarming
lack of knowledge regarding their population status, the
roles they play in ecosystem dynamics and the consequences
of their possible demise.
Subsistence and commercial hunting was identified as the
sixth main challenge to Argentine Chacoan biodiversity
conservation by the Nature Conservancy and other institutions (Anonymous 2005), after agricultural expansion, commercial forest exploitation, hydroelectric dams, livestock
expansion and fire (in the dry Chaco). Wild animals have
always represented important sources of food for many
people in Latin America, as indicated in a thorough review
regarding subsistence and commercial hunting by Robinson
and Redford (1991). In particular, subsistence hunting in
the Gran Chaco is a recurring activity (Ojeda & Mares 1982,
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Altrichter 2006), though there are no records of the impact
of this practice on mammalian populations. Furthermore,
the high level of wildlife exploitation (that may drive
change) raises a growing concern for the persistence of
populations of larger (>10 kg) mammalian species and for
overall species rarefaction in the richest biomes of Argentina, such as the Gran Chaco and Yungas (Mares & Ojeda
1984, Ojeda et al. 2002).
According to Bucher and Huszar (1999), the case of the
Chaco can be extrapolated to all ecoregions of the developing world, and its conservation has been ‘doomed to failure’
for many years, unless high economic returns can be
achieved from it in a sustainable manner. Moreover, the
accelerated expansion of the agricultural frontier in the
southern portion of the Argentine Chaco, particularly in
the past 10 years, has led to the loss of remnant forest cover
at an annual rate of 2.2%, one of the highest rates in
recorded history for such a limited area (Eva et al. 2004, Zak
et al. 2004). Thus, most of the Chaco biome has been transformed into a highly fragmented mosaic of forest patches,
dense thorny scrubs, semi-natural grassland and cultivated
land (Zak et al. 2004, Baxendale & Buzai 2009, Hoyos et al.
2013). As a result, the Chacoan landscapes show a complex
mixture of ecological conditions, with different regeneration possibilities and varying potential to sustain populations of large and medium-sized mammalian species. In this
context, understanding the roles of mammals in key ecosystem processes is crucial, as ecosystem dynamics (e.g. postdisturbance and restoration trajectories) may be affected by
their abundance (Harrison et al. 2013).
The purpose of our review is to assess the potential consequences for ecosystem dynamics of the loss of native Chacoan
mammalian herbivores and frugivores due to rapid and
increasing habitat transformations and ongoing hunting
pressures. We focus on the possible effects of losing the functional roles fulfilled by large and medium-sized mammalian
species. Our working hypothesis is that the loss of locally
threatened large and medium-sized mammals in the Chaco
would entail the loss of their functions in the ecosystem,
because each species has a particular role in the woodland
savanna dynamics. To test our hypothesis, we summarize the
population status and trophic ecology of native Chacoan
mammals. We also suggest future directions for research, and
methods for the conservation of the Gran Chaco.

METHODS
This review focuses on the southern portion of the Gran
Chaco, which is located in Argentina and comprises 55% of
the total 1.2 million km2, encompassing both the dry and
humid Chaco ecoregions (Dinerstein et al. 1995). The data
used to identify the possible consequences of defaunation
are derived from an extensive search of peer-reviewed litera-
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ture on the role of mammals and the consequences of
defaunation in different environments. We focus on 25 large
and medium-sized native mammalian species (c. 1–310 kg;
frugivores and herbivores), including their conservation
status, population trends and diet type. We performed
searches in Blackwell, Elsevier, Google Scholar, Scielo and
Scopus data bases, using different combinations of the following keywords: ‘mammal’, ‘Chaco’, ‘function’, ‘herbivore’,
‘frugivore’, ‘omnivore’, ‘disturbance’, ‘poaching’, ‘hunting’,
‘logging’, ‘cattle’, ‘defaunation’ and ‘fire’. We also reviewed
thesis manuscripts in universities and consulted several
regional and local mammal guides, as well as the Red List of
Threatened Species produced by the International Union
for Conservation of Nature (Anonymous 2013) and the
Argentine Red List of Threatened Mammals (Ojeda et al.
2008). The complete list of articles consulted is available in
the reference section and in Supporting Information
Appendix S1.

LAND USE INTENSIFICATION IN THE
ARGENTINE CHACO
The Gran Chaco has a long history of colonization, land use
changes and interactions with wildlife, beginning with subsistence hunting by native people. However, over the last 200
years, land use has changed to include more intensified practices such as land fencing, livestock production, selective
logging and intensive agriculture (Eva et al. 2004, Morello
et al. 2006, Hoyos et al. 2013). The combination of these
practices has resulted in the replacement of grasslands and
woodlands with shrubs and completely eroded areas of bare
soil (Morello et al. 2006, Baldi & Jobbágy 2012). In Argentina,
agriculture is now expanding to almost every corner of the
region; large-scale agribusinesses mainly for soybean production are taking over regions previously considered unfit for
agriculture (Gasparri & Grau 2009). This expansion, coupled
with climate change, technological advances (the use of
genetically modified organisms, no-till farming, and pivot
irrigation) and socioeconomic factors (high population
density, unstable land tenure structure and high land prices)
has resulted in isolated patches of forest surrounded by privately owned farms that exert daily pressures on native biodiversity (Faleiro et al. 2013, Nori et al. 2013), with little
consideration for long-term sustainability (Zak et al. 2008,
Dobrovolski et al. 2011, Laurance et al. 2012).
Almost 40% of the Argentine Chaco has been transformed
and only approximately 2% is protected under some type of
legislation (Brown et al. 2006). This is a problematic scenario
for those species whose geographic ranges are constantly
being constrained to protected areas, especially in those areas
where protection is neither effective nor guaranteed (Brown
et al. 2006). An index of mammal conservation for the different ecoregions in Argentina, taking into account endemisms,
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vulnerability and taxonomic singularity, has suggested that
the most urgent conservation priorities are the arid and
semi-arid biomes such as the Chaco and Patagonia, and the
subtropical Yungas forest (Ojeda et al. 2002).

DEFAUNATION AT A GLOBAL SCALE
Habitat loss or fragmentation threatens mammals through
the loss of food (plants or prey), shelter and increased predation risk (Pimm et al. 1988, Schipper et al. 2008). Large
animals at higher trophic levels are most vulnerable to
habitat destruction and poaching, since they require large
home ranges and more prey, and because they usually move
across or use unprotected areas (Duffy 2003). Although
rarity is always a risk factor, being a common species does
not necessarily guarantee protection from hunting if the
species is of interest (Altrichter 2006). The effects of
defaunation and empty forest syndrome have been well
documented in tropical forests; several consequences of vertebrate loss on ecosystem dynamics have been identified
(Table 1; Dirzo & Miranda 1990, Redford 1992, Wilkie et al.
2011, Corlett 2012, Harrison et al. 2013). The main consequences of defaunation identified by Corlett (2012) include
the co-extinction of parasites, a reduction in environmental
heterogeneity, the release of competitors and prey (including plants) and a loss of quality and quantity in seed dispersal services.

Frugivores and ecosystem dynamics
The causes and effects of the loss of frugivores in tropical
forests have been studied worldwide (Table 1). Frugivorous
mammals impact ecosystem dynamics mainly by affecting
plant regeneration due to seed dispersal and predation
(Danell et al. 2006). For example, a decrease in populations
of seed-dispersing animals can cause seed clumping close to
parent trees, which can lead to an increase in seed predation
by insects or an increase in seed infections, negatively affecting species recruitment. On the other hand, an increase in
seedling abundance has been reported in areas with low
abundance of seed predators (Table 1). Ultimately,
frugivores can exert a negative effect on plant regeneration
and distribution through predation, or a positive effect
through seed dispersal, depending on whether the seeds
consumed are destroyed or favoured after passing through
the digestive tract (Willson & Traveset 2000).
A recent review on the consequences of defaunation at
the community level in tropical forests showed that largeseeded species undergo reduced dispersal and increased
aggregation of seedlings with the parent individuals, but
also that diminished seed predation and herbivory may
buffer the negative effect of reduced dispersal (Kurten
2013). Thus, the occurrence of higher or lower seedling
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recruitment depends upon the life history of plant species.
Nevertheless, the net effects of defaunation on the plant
community were found to be a reduction in species richness
and diversity and an increase in species dominance and
environmental homogeneity (Corlett 2012, Kurten 2013).
Most studies on defaunation have been conducted in
Neotropical rain forests (Table 1), where the percentage of
vertebrate-dispersed tree species in the canopy and subcanopy is 51–98%, and as expected, defaunation can have
significant implications on forest regeneration (Stoner &
Henry 2009). A decrease in seed dispersal and seedling
abundance due to hunting and fragmentation has been
observed in seasonal and subtropical forests (Table 1).
Although these biomes are characterized by a higher percentage of mechanically dispersed species, dispersal limitations can still have significant negative effects on forest
regeneration (Leithead et al. 2012).

Herbivores and ecosystem dynamics
Herbivores are responsible, in part, for determining the heterogeneity and biological diversity of a specific area, and
create positive or negative feedbacks depending on the type,
frequency and intensity of the disturbance (Table 1). For
example, for savannas with a long evolutionary history of
grazing, herbivory promotes the diversity of plant growth
forms by suppressing the most vigorous species such as
grasses (Danell et al. 2006). Herbivores promote shoot
growth, increase light absorption by young and active tissue
by removing old tissue and improve water-use efficiency
and soil status (Frank et al. 1998). In particular, ungulate
grazers are able to maintain permanent grazing lawns
through a positive feedback loop that generates enhanced
productivity from a short sward, increasing grass strength
and competition for resources with woody seedlings and
saplings, thereby helping to maintain the grassland state
(Bardgett & Wardle 2003).
Herbivores may regulate the structure of vegetation communities, as well as primary productivity, through direct
and indirect effects on ecosystem energy and nutrient flow
(Wilkie et al. 2011). However, a plant’s response to herbivory is highly dependent upon climatic constraints, herbivore diversity and biomass, and plant community (du Toit
& Cumming 1999, Bardgett & Wardle 2003). For example,
herbivores can cause absence of young trees in forests (Gill
2006) and damage vegetation by defoliating, trampling,
depositing dung and urine, and creating wallows (Hobbs
2006). In the transition between forest and savanna, for
example, herbivory is considered to reduce tree cover in an
analogous manner to fire (a keystone factor), although in a
less ubiquitous manner (Hoffmann et al. 2012). In this
context, the balance between woody and herbaceous plants
may be regulated by the selective foraging of dominant
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Hunting and local extinction

Logging and fragmentation

Hunting

Hunting and fragmentation

Exclusion

Hunting and fragmentation

Neotropical forest

Neotropical forest

Neotropical forest

Afro-tropical forest

Australian tropical forest

Seasonal forest

Large/medium F/O

Large/medium H/F/O

Large/medium H/F/O

Large C

Large/medium F/O

Large/medium H/F/O

Mammalian group
directly affected†

Primary forest and
animal-dispersed trees

Primary forest tree species

Animal-dispersed trees

Large/medium H/F/O

Animal-dispersed trees

Primary forest tree species,
understory and
animal-dispersed trees

Group indirectly affected

↓seed dispersal and predation
↓seedlings and juvenile recruitment
Δ landscape configuration
↑ seedling abundance and Δ
composition
↓ seed dispersal
↓ seedling of large-seeded trees

Δ tree distribution
↑ seed predation and seedling herbivory

↑ seed predation
↓ dispersal of seeds and distance

Brodie et al. 2009, Melo et al. 2010
Ganzhorn et al. 1999, Melo et al. 2010

Wright et al. 2007, Nuñez-Iturri et al.
2008, Terborgh et al. 2008
Silman et al. 2003, Forget & Jansen
2007, Vargas 2008
Galetti et al. 2006, Jorge & Howe 2009
Cramer et al. 2007, Jorge & Howe
2009, Gutierrez-Granados 2011
Cramer et al. 2007
Asquith et al. 1997, de Steven & Putz
1984
Fa et al. 2005, Wang et al. 2007
Cordeiro & Howe 2001
Fa et al. 2005
Theimer et al. 2011

Wright et al. 2000, Wright & Duber
2001, Galetti et al. 2006, Forget &
Jansen 2007, Vargas 2008, Holbrook
& Loiselle 2009
Dirzo & Miranda 1990, Roldan &
Simonetti 2001, Wright et al. 2007
Wright et al. 2000, Galetti et al. 2006,
Forget & Jansen 2007

↓ seed dispersal and dispersal distance

↓ seed predation due to low abundance
of mammals
or ↑ seed predation (or mortality by
infections) due to clumping close to
parent trees
Δ forest tree composition (↓ diversity,
↑ mechanical dispersed species)
Δ spatial distribution of species

References‡

Functional implications

*Neotropical forest = Bolivia, Peru, Brazil, Ecuador, Surinam, Panama, Costa Rica, Mexico; Afro-tropical forest = Central Africa, Cameroon, Tasmania; Seasonal forest = Thailand, Madagascar,
Mexico.
†C, Carnivore; F, Frugivore; H, Herbivore; O, Omnivore.
‡References in Supporting Information Appendix S1.

Disturbance

Habitat type*

Table 1. Functional implications of defaunation in different habitat types and for different (directly and indirectly) affected groups of mammals and trees

M. E. Periago, V. Chillo and R. A. Ojeda
Loss of Chacoan mammals

45

Loss of Chacoan mammals

M. E. Periago, V. Chillo and R. A. Ojeda

herbivores and may result in changes in ecosystem trajectory (Augustine & McNaughton 1998, du Toit & Cumming
1999, Wisdom et al. 2006).

LOSS OF CHACOAN MAMMALS AND ITS
CONSEQUENCES
Species diversity has been significantly affected by the
increasing land use intensification processes that have been
taking place in the Gran Chaco during the past decades
(Ojeda et al. 2002). This phenomenon is more marked in
the Argentine Chaco, which has been highly degraded, and
where optimal habitats for large and medium-sized native
mammals no longer exist. Populations may begin to disappear or become less abundant in marginal areas as home
ranges tend to contract, leaving deforested edge areas with
fewer individuals (Ojeda et al. 2008). Moreover, these
already stressed populations are still subjected to intensive
poaching (Altrichter 2005, 2006). Accordingly, Chacoan
mammals currently face three main threats, all of which are
severe: (1) the expansion of agricultural lands to the detriment of original habitats, (2) intense hunting pressure, and
(3) competition with invasive species (Ceballos & Simonetti
2002), including the European hare Lepus europaeus, European wild boar Sus scrofa and several species of deer introduced for sport hunting.
The Gran Chaco is rapidly being transformed into a place
where the ‘big things that run the world’ are in jeopardy; the
larger mammals that play key roles in regulating the
savanna woodland ecosystem are disappearing (Terborgh
1988). Almost 70% of the large and medium-sized native
mammals the geographical ranges of which include the
Argentine Chaco have decreasing or unknown population
trends at the global level: 36% of the species are considered
endangered, vulnerable or near threatened (Table 2;
Anonymous 2013). However, the scenario at a national level
is even worse (Ojeda et al. 2012): 52% of large and
medium-sized mammalian species native to Argentina are
considered to be endangered, vulnerable or near threatened
(Table 2). Discrepancies between global and national status
occur in 10 species, and national categories are always more
severe (Table 2).

Chacoan plant strategies
The Chaco is a seasonal woodland that ranges from subtropical to temperate regions; the harshest environmental conditions (water deficit stress) occur in the southernmost portion
(dry Chaco). Although both of the dominant canopy
tree species, quebracho colorado Schinopsis balansae and
quebracho blanco Aspidosperma quebracho-blanco, have
anemochory as their seed dispersal strategy, the Chaco is
characterized by a high diversity of woody species (trees and
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tall shrubs), of which approximately 53% are dispersed by
endozoochory (Abraham de Noir et al. 2002). Thus, the local
extinction of mammals may lead to changes in vegetation
composition and landscape structure. Among the most
abundant woody species of the Argentine Chaco, 70% disperse their fruits rather than their seeds. Of those, 31% are
fleshy fruits (e.g. Celtis ehrenbergiana, Condalia microphylla
and Zizyphus mistol) and 36% are dry-indehiscent fruits
(e.g. Acacia aroma, Prosopis alba and Prosopis nigra) that
are mainly dispersed by mammals (Abraham de Noir et al.
2002).
Fleshy fruits are also dispersed by ants and birds, which may
potentially buffer the negative effects of frugivorous mammal
loss on the dispersal of these seeds. However, the larger
mammals that consume large quantities of seeds and are able
to disperse them further are among the most threatened (e.g.
Chrysocyon brachyurus, Table 2). Thus, the compensatory
capacity of this ecological function may only occur (if it is
even possible) with an increase in the abundance of the
remaining fauna, but very few mammals are increasing in
abundance (Table 2). The potential redundancy of frugivorous mammals in the dispersal of the woody species with
dry-indehiscent fruits is not easy to evaluate. For example,
how many of these species disperse the fruits of a keystone tree
such as Prosopis sp.? Is a mammalian species responsible for
most of the dispersal and seedling recruitment? Campos et al.
(2008) showed that the passage of Prosopis seeds through the
digestive tract of a mammal can modify germination capacity
and speed, with great variability among species. This variability limits our capacity to analyse potential redundancy in
dispersal and the role of non-threatened mammals in compensating for a given function. In light of this, and as stated by
Wotton and Kelly (2011), conserving the full range of dispersers within an ecosystem ensures that ecological redundancy is
retained and provides a buffer to plant extinction.

Chacoan frugivores
The Argentine Chaco is inhabited by 17 native large and
medium-sized mammalian frugivores and omnivores, of
which nine are near threatened, vulnerable or endangered at
the Argentine national level (Table 2). Threatened species
include several emblematic species, such as the large
Catagonus wagneri, Chrysocyon brachyurus, Mazama americana, Pecari tajacu, Tapirus terrestris and Tayassu pecari
(Table 2). For these species, the Argentine Chaco is the
southernmost part of their geographical range, where most
of them show a reduction in population size and range
occupancy (Table 2).
In particular, the tagua Catagonus wagneri has disappeared from approximately 40% of its original geographic
range in the Argentine Chaco, and the remaining very fragmented populations are in decline, mostly due to an intense
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Coati

Lycalopex gymnocercus
Nasua nasua

4–9.5
0.6–1.4

Howler monkey
Azara’s night monkey
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80–125
30–40
100–140

1.5–2.7
0.7–1.3

Marsh deer
Chacoan peccary
Guanaco

Red brocket deer
Gray brocket deet
Pampas deer
Collared peccary

White-lipped peccary

Patagonian cavy

Capybara

Plains viscacha

Chacoan mara

Tapetí

Mazama americana
Mazama gouazoubira
Ozotoceros bezoarticus
Pecari tajacu

Tayassu pecari

Rodentia
Dolichotis patagonum

Hydrochoerus hydrochaeris

Lagostomus maximus

Pediolagus salinicola
Lagomorpha
Sylvilagus brasiliensis
HG

HB

HG

HG

HG

FH

FH
FH
HG
FH

HG
FH
HG

FH

FG
IO

FO
FO

FH
FO

IO
FG
IO
FG
IO

Diet type†

LC

LC

LC

LC

NT

VU

DD
LC
NT
LC

VU
EN
LC

VU

LC
LC

LC
NT

LC
LC

LC
LC
NT
LC
NT

IUCN Red
List Status‡§

LC

LC

LC

NT

VU

EN

NT
LC
EN
VU

EN
EN
LC

EN

LC
LC

LC
EN

VU
LC

LC
LC
NT
LC
NT

Argentine Red
List Status‡¶

Bazzalo 2001, Bravo & Sallenave 2003, Ludwig et al. 2008
Ganzhorn & Wright 1994, Giménez & Fernandez-Duque 2003
Juarez & Marinho-Filho 2002, Gatti et al. 2006, Rocha et al. 2008
Carvalho & Vasconcellos 1995, Motta Jr. et al. 1996, Azevedo &
Gastal 1997, Juarez & Marinho-Filho 2002, Santos et al. 2003,
Rodrigues et al. 2007
Garcia & Kittlein 2005, Varela et al. 2008
Alves-Costa et al. 2004, Beisiegel & Mantovani 2006, Alves-Costa
& Eterovick 2007, Hirsch 2009

↓
↓
=
?

?

=

?

?

↓

↓

Valero & Durant 2001

Bonino et al. 1997, Campos 1997 ,Rodriguez & Dacar 1992, Chillo
et al. 2010
Quintana et al. 1998, Borges & Gonçalves Colares 2007, Corriale
et al. 2011
Campos 1997, Branch et al. 1994, Kufner & Monge 1998, Pereira
et al. 2003
Rosati & Bucher 1995, Chillo et al. 2010

Becacceci 1996, Thomas & Salis 2000, Costa et al. 2006
Mayer & Brandt 1982, Taber et al. 1993
Bahamonde et al. 1986, Bonino & Sbriller 1991, Candia &
Dalmasso 1995, Puig et al. 2001, Baldi et al. 2004
Bodmer 1997, Gayot et al. 2004
Gayot et al. 2004, Kufner et al. 2008, Serbent et al. 2011
Jackson & Giulietti 1988, Costa et al. 2006
Kiltie 1981, Olmos 1993, Beck 2005, 2006, Keuroghlian & Eaton
2008, Desbiez et al. 2009
Kiltie 1981, Olmos 1993, Altrichter et al. 2001, Beck 2005, 2006,
Keuroghlian & Eaton 2008, Desbiez et al. 2009

↓
↓
=
?
↓
↓
=

Salas & Fuller 1996, Henry et al. 2000, Chalukian et al. 2013

↓

↑
↓

Bruno & Cuellar 2000, Abba & Cassini 2010
Bruno & Cuellar 2000
Abba & Cassini 2010
Bruno & Cuellar 2000
Bolkovic et al. 1995, Bruno & Cuellar 2000

References for diet type**

=
↑
↓
=
↓

Population
Trend IUCN

*Canevari & Vaccaro, 2007.
†Diet type: HG, Herbivore-grazer; FH, Frugivore-herbivore; FG, Frugivore-granivore; FO, Frugivore-omnivore; IO, Insectivore-omnivore; HB, herbivore-browser.
‡IUCN Red List Categories: LC, Least concern, NT, Near threatened; VU, Vulnerable; EN, Endangered; DD, Data deficient.
§Anonymous (2013) The IUCN Red List of Threatened Species. Version 2013.2. http://www.iucnredlist.org.
¶Ojeda RA, Díaz G, Chillo V (eds; 2012). Libro Rojo de los Mamíferos Amenazados de la Argentina. Sociedad Argentina para el Estudio de los Mamíferos, Buenos Aires, Argentina.
**References in Supporting Information Appendix S1.

3.5–5

35–73.5

8–16

25–45

18.5–65
8–25
25–40
17–35

190–310

Tapir

Perissodactyla
Tapirus terrestris
Artiodactyla
Blastocerus dichotomus
Catagonus wagneri
Lama guanicoe

3–8.2
4–8

4.5–8.5
20.5–26

0.7–1.2
1.5–3.6
1.1–2
3.2–6.5
0.9–1.6

Body mass
(kg)*

Screaming hairy armadillo
Large hairy armadillo
Southern long-nosed armadillo
Yellow armadillo
Southern three-banded armadillo

Crab-eating fox
Maned wolf

Common name

Cingulata
Chaetophractus vellerosus
Chaetophractus villosus
Dasypus hybridus
Euphractus sexcinctus
Tolypeutes matacus
Primates
Alouatta caraya
Aotus azarae
Carnivora
Cerdocyon thous
Chrysocyon brachyurus

Species

Table 2. Large and medium-sized herbivorous and frugivorous native mammals of the Argentine Chaco, showing their diet type, conservation status and population trends; species are listed
aphabetically within each order
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increase in deforestation (Altrichter & Boaglio 2004). The
current estimate of the maned wolf Chrysocyon brachyurus
population in Argentina is around 660 individuals (Paula
et al. 2008). This seed disperser is the largest canid in South
America (Motta-Junior & Martins 2002); its primary threats
result from, among other things, conflicts with humans,
drastic reduction in habitat, and hunting for fur and for
parts used in alternative medicine (Anonymous 2013). The
lowland tapir Tapirus terrestris, although common in the
Amazon and even in some areas of Argentina, ‘seems
unlikely to persist anywhere humans occur at densities any
greater than 1 individual per km2’ due to ongoing population reductions attributed to deforestation, hunting and
competition with livestock (Naveda et al. 2008). The peccaries Pecari tajacu and Tayassu pecari are considered seed
predators and dispersers via endozoochory of small seeds,
expectoration of large seeds and epizoochory (Beck 2005,
Lazure et al. 2010). The original range of the peccaries in
the so-called impenetrable portion of the Argentine Chaco,
an area of 4 million hectares in the semiarid Chaco, has
been reduced by 68% (Altrichter & Boaglio 2004). The
white-lipped peccary Tayassu pecari currently exists in only
21% of its historical global geographic range (Keuroghlian
et al. 2013). The species is heavily hunted in its entire range;
subsistence hunting is considered sustainable in some areas
of Peru, where it is abundant, and not sustainable at all in
other regions, such as the Argentine Chaco (Altrichter
2005).
Thus, the ecosystem function of frugivory may be under
threat in the Argentine Chaco, since the mammals that
guarantee this function are all under threat and have
decreasing populations. As we hypothesized, the uniqueness
of the function that these species perform makes it difficult
to identify other non-threatened species that may compensate for its loss; there are only a few appropriate species with
increasing population trends, and they are much smaller in
size (e.g. Chaetophractus villosus and Lycalopex gymnocercus,
Table 2). This raises concerns regarding the potential
changes in vegetation composition and structure, since a
decrease in seed dispersal and tree seedlings has been found
in seasonal forests where large and medium-sized frugivores
are missing (Table 1).

Chacoan herbivores
Fifteen large and medium-sized mammals that inhabit the
Argentine Chaco have herbivory as a primary or secondary
feeding strategy; 10 of them are near threatened, vulnerable
or endangered at the Argentine national level (Table 2). Of
the 15 species, eight are mainly herbivorous and 50% of
them are threatened. Moreover, the Chaco ecoregion is the
southernmost part of the geographical range of 74% of the
herbivorous species. Medium-sized species are the most
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diverse in their dietary strategies, and it is possible to identify certain degrees of functional complementarities in main
food categories between species of similar body size
(Table 2). For example, the Patagonian mara Dolichotis
patagonum and the Chacoan cavy Pediolagus salinicola are
two medium-sized herbivorous rodents with very similar
ecological characteristics. However, they differ in their
feeding strategy: the mara is mainly a grazer and the cavy is
mainly a browser (Chillo et al. 2010). The plains vizcacha
Lagostomus maximus, another medium-sized rodent, presents different ecological characteristics with regard to
habitat use but has dietary similarities with the Patagonian
mara (Table 2).
The largest (8–140 kg) herbivores are ungulates, of which
78% have decreasing or unknown population trends
(Table 2). The four largest herbivores in the Gran Chaco
region are also the most threatened and least abundant of the
Chacoan mammalian species (Blastocerus dichotomus, Lama
guanicoe, Tapirus terrestris and Ozotocerus bezoarticus). In
particular, the Pampas deer Ozotocerus bezoarticus has suffered a 98% reduction in its historical global geographical
range (Ojeda & Mares 1982, González et al. 1998) and is
considered endangered at the national level (Table 2); its
declining populations are currently at high risk of extinction
in the wild (Ojeda et al. 2012). The main causes of population
decline are habitat loss and hunting. Current estimates in
Argentina suggest that approximately 1200–1400 individuals
exist in four isolated populations, including one in the Argentine Chaco with about 170 individuals (Gonzalez & Merino
2008). The current range of the guanaco Lama guanicoe, once
the most widespread ungulate of the continent, has retracted
by about 58% in Argentina, 75% in Chile and Peru, almost
completely in Bolivia and Paraguay, and completely in
Ecuador, where the species is considered extinct (Baigún et al.
2008). The Andean and Patagonian populations in Argentina
and Chile are recovering thanks to conservation efforts and
are classified as being of least concern (Ojeda et al. 2012),
however the remnant populations in the Chaco were already
heading towards extinction 20 years ago (Cunazza et al.
1995). These Chacoan populations, which are spread between
Bolivia, Paraguay and Argentina, still face intense hunting
pressure and habitat loss, and there is a clear need for trinational conservation efforts (Baldi et al. 2008).
The densities of domestic ungulates are often higher than
those of their wild counterparts in the Argentine Chaco, and
the movement of herbivores has changed due to fencing,
artificial water provision and nutrient supplementation,
which has limited the ability of plants to recover from defoliation (Staver et al. 2011). Grassland responses to grazing
differ between native and domestic (livestock) grazing, and
the positive feedbacks that help maintain grasslands under
wildlife herbivory may change to those that may maintain
degradation in livestock production systems (du Toit &
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Cumming 1999, Wisdom et al. 2006). The replacement of
native with exotic herbivores eliminates the ecosystem
service the native species provide and may also promote
invasions, which may even lead to exotic species facilitating
additional invasions (Parker et al. 2006). In the Chaco, a
changing land mosaic is rapidly emerging where domestic
and wild herbivores share a limited resource. A long-term
exclosure experiment in the semi-arid savanna of Kenya has
shown that cattle can reduce the intensity of use of shared
habitats by native herbivores because of competition for a
common resource (Riginos et al. 2012). Taken together,
these findings show that the role performed by large native
herbivores may not be compensated for by livestock, but
rather that livestock may lead to a different trajectory of the
system. Here, as with frugivory, the function of herbivory of
helping maintain the savanna woodland dynamics may be
under threat, since there may not be a compensatory alternative in medium-sized native herbivores or in domestic
cattle.

RESEARCH NEEDS AND CONCLUSION
Redford et al. (2011) urge researchers to try to understand
species’ recent historic distribution, abundance, genetic
diversity and ecological roles and to ensure that these attributes are maintained over time. In this review, we have
identified native mammals that inhabit the Argentine
Chaco, whose feeding strategies include the consumption of
plants and whose populations are under ever-increasing
threats. Most of the species currently show declining populations or are in danger of being vulnerable to threats in the
near future (Table 2). More importantly, we show that the
functions they carry out in the ecosystem may be at risk as
well. Changes in vegetation structure and composition
caused by human-induced disturbances, particularly in
drylands worldwide, can result in a significant loss of mammalian functional diversity (Chillo & Ojeda 2012). Important knowledge gaps exist regarding not only the population
status of these large and medium-sized native mammals,
but also their functional roles and how, if at all, they are
adapting to the rapid land use changes. In particular, we
have scant knowledge of whether these roles will or even
can be carried out by other species (Wright et al. 2007).
Understanding the role of large and medium-sized mammalian herbivores and frugivores in an ecosystem can shed
light on its evolutionary and ecological history and, more
importantly, on the potential consequences of native
mammal loss on ecosystem functioning. There is no doubt
that the South American Gran Chaco is undergoing accelerated land use changes and that its ensemble of larger native
mammals continues to suffer from hunting pressure. Therefore, the potential losses of functionally unique species could
lead to changes that severely undermine the dynamics of this
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savanna woodland ecosystem (O’Gorman et al. 2011). Uncertainties in the consequences of losing functionally unique
species demand urgent attention, and therefore we list the
major challenges and future research needs for the conservation of mammal functional diversity in the Gran Chaco.
First, there continues to be a void in baseline information
for many of the species (occurrence, relative abundance and
habitat use). Research on biodiversity loss should include
species-based and population-based approaches, as well as
research on service-providing units grouping species that
perform similar ecosystem functions (Luck et al. 2003). We
also need to have a clear understanding of the nature and
strength of the interactions between functionally unique
species in the food web (O’Gorman et al. 2011). In particular, we must consider the potential effects of the loss of
functionally unique species in any restoration attempt, as
this loss may lead to a different restoration trajectory, as
well as strategies that favour the recolonization of large
species (Anand & Desrochers 2004).
Second, hunting is a current threat to medium-sized and
large mammals, and therefore, for conservation projects to be
successful, they must include the knowledge of local people
when assessing the distribution and abundances of the principal mammalian species included in their diet (e.g. brocket
deer, edentates, peccaries and tapir). Third, local and regional
forums must be established to enhance a fluid and continuous
multidisciplinary and multisectoral dialogue among different
Chaco stakeholders, in order to produce stronger bases for
long-term management and conservation (Díaz et al. 2011).
Fourth, any restoration attempt must include consideration
of the importance of woody plants and the ecological services
they provide, such as shade, forage, soil stability, habitats for
wildlife, and as a source of biodiversity and carbon storage
(Kunst et al. 2012).
Lastly, protected areas in the Argentine Chaco are insufficient and inefficient (Ojeda et al. 2002), especially because
the degradation of matrix habitats surrounding protected
areas reduces their conservation capacity, even if habitat is
maintained within their administrative boundaries (Hansen
et al. 2005). Unprotected areas are crucial to the overall conservation strategy, and developing strategies for those areas
is essential since, according to conservative predictions,
more than 80% of the world’s land will remain outside protected areas (Primack 2012). Although large-scale conservation strategies, such as the identification of priority
ecoregions and biodiversity hotspots, have been effective
responses in the right direction (Loyola et al. 2009), conservation management is still failing to protect functionally
unique species and the ecosystem processes needed to
maintain the system (Eken et al. 2004, McConkey et al.
2012). Also, the Chaco region is commonly left out of many
of these prioritization schemes, including Conservation
International’s ‘Biodiversity Hotspots’. Therefore, we
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consider it necessary not only to create new protected areas
and conservation corridors, but also to improve the effectiveness of established areas and privately owned surrounding areas, for the protection of functionally diverse species.
There is a particular need for the establishment of conservation priorities aimed at minimizing population and species
extinctions, reducing conservation conflicts, and preserving
ecosystem services (Ceballos et al. 2005).
In the South American Gran Chaco, we are losing species
faster than we learn how important they are, the roles they
play or how their disappearance would affect the entire ecosystem. We are currently experiencing a disruption in the
equilibrium between mammalian herbivores, frugivores and
their plant resources, and we probably already face ‘the irreversible erosion of diversity at all levels’ (Terborgh 1988).
Biodiversity is undergoing a global crisis in which
defaunation and deforestation are commonly accepted consequences of human sprawl, and ecologists are already
discussing the need for reforestation and refaunation
(Oliveira-Santos & Fernandez 2011). It is with this in mind
that we urge governments with stakes in this vast area not to
stand idle while destruction of this unique savanna woodland ecosystem continues without regard for its biodiversity
and conservation value. We consider that any efforts to
prevent the disappearance of the South American Gran
Chaco and to restore the savanna woodland dynamics must
take into account the ecological roles played by its native
mammals. We must concentrate future conservation efforts
on the native mammals and ecosystem dynamics of the
Chaco before it is too late.

ACKNOWLEDGEMENTS
We thank our institutions: Instituto Multidisciplinario
de Biología Vegetal (IMBIV), Consejo Nacional de
Investigaciones Científicas y Técnicas (CONICET), Facultad
de Ciencias Exactas Físicas y Naturales, Universidad Nacional
de Córdoba, Córdoba, Argentina, and Grupo de
Investigaciones de la Biodiversidad (GiB), Instituto Argentino
de Investigaciones de Zonas Áridas (IADIZA), Centro
Científico y Tecnológico Mendoza (CCT). This contribution
was supported through grants of the National Council for
Science & Technology (CONICET) and the Ministry of
Science & Technology (PIP 325; PICT 25778, 0455). We thank
J. Nori for his help with the figure, and Andrew Noss and the
anonymous reviewers for their insight and comments.

REFERENCES
Abraham de Noir F, Bravo S, Abdala R (2002) Mecanismos de
dispersión de algunas especies de leñosas nativas del Chaco
Occidental y Serrano. Quebracho 9: 140–150.

50

Altrichter M (2005) The sustainability of subsistence hunting of
peccaries in the Argentine Chaco. Biological Conservation 126:
351–362.
Altrichter M (2006) Wildlife in the life of local people of the
semi-arid Argentine Chaco. Biodiversity and Conservation 15:
2719–2736.
Altrichter M, Boaglio GI (2004) Distribution and relative
abundance of peccaries in the Argentine Chaco: associations
with human factors. Biological Conservation 116: 217–225.
Anand M, Desrochers RE (2004) Quantification of restoration
success using complex systems, concepts and models.
Restoration Ecology 12: 117–123.
Anonymous (2005) Evaluación Ecorregional del Gran Chaco
American/Gran Chaco Americano Ecoregional Assessment. The
Nature Conservancy (TNC), Fundación Vida Silvestre
Argentina (FVSA), Fundación para el Desarrollo Sustentable
del Chaco (DeS del Chaco), Wildlife Conservation Society
Bolivia (WCS). Fundación Vida Silvestre. Buenos Aires,
Argentina.
Anonymous (2013) The IUCN red list of threatened species.
Version 2013.2. Downloaded on 8 July 2014.
http://www.iucnredlist.org
Augustine DJ, McNaughton SJ (1998) Ungulate effects on the
functional species composition of plant communities,
herbivore selectivity and plant tolerance. Journal of Wildlife
Management 62: 1165–1183.
Augustine DJ, McNaughton SJ (2004) Regulation of shrub
dynamics by native browsing ungulates on East African
rangeland. Journal of Applied Ecology 41: 45–58.
Baigún R, Bolkovic ML, Aued MB, Li Puma MC, Scandalo RP
(2008) Manejo de Fauna Silvestre en la Argentina: Primer
Censo Nacional de Camélidos Silvestres al Norte del Río
Colorado. Secretaría de Ambiente y Desarrollo Sustentable de
la Nación, Buenos Aires, Argentina. p. 104
Baldi B, Lichtenstein G, González B, Funes M, Cuéllar E, Villalba
L et al. (2008) Lama guanicoe. In: IUCN Red List of
Threatened Species. Version 2013.2. Downloaded on 8 July
2014. http://www.iucnredlist.org
Baldi G, Jobbágy EG (2012) Land use in the dry subtropics:
vegetation composition and production across contrasting
human contexts. Journal of Arid Environments 76:
115–127.
Bardgett R, Wardle D (2003) Herbivore-mediated linkages
between aboveground and belowground communities.
Ecology 84: 2258–2268.
Barrios-Garcia MN, Ballari SA (2012) Impact of wild boar (Sus
scrofa) in its introduced and native range: a review. Biological
Invasions 14: 2283–2300.
Baxendale CA, Buzai GD (2009) Caracterización socio-espacial
del Chaco Argentino. In: Morello JH, Rodriguez AF (eds) El
Chaco sin Bosques, la Pampa o el Desierto del Futuro, 3–52.
Orientación Gráfica, Buenos Aires, Argentina.
Beck H (2005) Seed predation and dispersal by peccaries
throughout the Neotropics and its consequences: a review and
synthesis. In: Forget PM, Lambert JE, Hulme PE, Vander Wall

Mammal Review 45 (2015) 41–53 © 2014 The Mammal Society and John Wiley & Sons Ltd

M. E. Periago, V. Chillo and R. A. Ojeda

SB (eds) Seed Fate: Predation, Dispersal and Seedling
Establishment, 77–100. CABI Publishing, Wallingford, UK.
Beerling DJ, Osborne CP (2006) The origin of the savanna
biome. Global Change Biology 12: 2023–2031.
Bonino N, Pelliza-Sbriller A, Manacorda M, Larosa F (1997)
Food partitioning between the mara (Dolichotis patagonum)
and the introduced hare (Lepus europaeus) in the Monte
desert, Argentina. Studies on Neotropical Fauna &
Environment 32: 129–134.
Brown A, Martinez Ortiz U, Acerbi M, Corcuera J (eds; 2006) La
Situación Ambiental Argentina 2005. Fundación Vida Silvestre
Argentina, Buenos Aires, Argentina.
Bucher EH (1982) Chaco and Caatinga – South American arid
savannas: woodlands and thickets. In: Huntley BJ, Walker H
(eds) Ecology of Tropical Savannas, 48–79. Springer-Verlag,
Berlin, Germany.
Bucher EH (1987) Herbivory in arid and semi-arid regions of
Argentina. Revista Chilena de Historia Natural 60:
265–273.
Bucher EH, Huszar PC (1999) Sustainable management of the
Gran Chaco of South America: ecological promise and
economic constraints. Journal of Environmental Management
57: 99–108.
Campos CM, Peco B, Campos VE, Malo JE, Giannoni SM,
Suárez F (2008) Endozoochory by native and exotic
herbivores in dry areas: consequences for germination and
survival of Prosopis seeds. Seed Science Research 18:
91–100.
Ceballos G, Simonetti J (2002) Diversidad y conservación de los
mamíferos Neotropicales. CONABIO, Instituto de Ecología,
Universidad Nacional Autónoma de México, México DF,
México.
Ceballos G, Ehrlich PR, Soberón J, Salazar I, Fay JP (2005)
Global mammal conservation: what must we manage? Science
309: 603–607.
Chillo V, Ojeda RA (2012) Mammal functional diversity loss
under human-induced disturbances in arid lands. Journal of
Arid Environments 87: 95–102.
Chillo V, Rodriguez D, Ojeda RA (2010) Niche partitioning and
coexistence between two mammalian herbivores in the dry
Chaco of Argentina. Acta Oecologica 36: 611–616.
Corlett RT (2012) The shifted baseline: prehistoric defaunation
in the tropics and its consequences for biodiversity
conservation. Biological Conservation 163: 13–21.
Cuevas MF, Novillo A, Campos C, Dacar MA, Ojeda RA (2010)
Food habits and impact of rooting behaviour of the invasive
wild boar, Sus scrofa, in a protected area of the Monte Desert,
Argentina. Journal of Arid Environments 74: 1582–1585.
Cunazza C, Puig S, Villalba L (1995) Situación actual del
guanaco y su ambiente. In: Puig S (ed) Técnicas para el
manejo del guanaco, 57–70. IUCN, Gland, Switzerland.
du Toit JT, Cumming DHM (1999) Functional significance of
ungulate diversity in African savannas and the ecological
implications of the spread of pastoralism. Biodiversity and
Conservation 8: 1643–1661.

Loss of Chacoan mammals

Danell K, Bergström R, Duncan P, Pastor J (eds; 2006) Large
Herbivore Ecology, Ecosystem Dynamics and Conservation.
Cambridge University Press, Cambridge, UK.
Dellafiore CM, Maceira NO (1998) Problemas de conservación
de los ciervos autóctonos de la Argentina. Mastozoologia
Neotropical 5: 137–145.
Díaz S, Quetier F, Cáceres D, Trainor SF, Perez-Harguindeguy N,
Bret-Harte MS et al. (2011) Linking functional diversity and
social actor strategies in a framework for interdisciplinary
analysis of nature’s benefits to society. Proceedings of the
National Academy of Sciences 108: 895–902.
Dinerstein E, Olson DM, Graham DJ, Webster AL, Primm SA,
Bookbinder MP, Ledec G (1995) A Conservation Assessment of
the Terrestrial Ecoregions of Latin America and the Caribbean.
The World Wildlife Fund and The World Bank, Washington,
District of Columbia, USA.
Dirzo R, Miranda A (1990) Contemporary neotropical
defaunation and forest structure, function, and diversity – a
sequel to John Terborgh. Conservation Biology 4: 444–447.
Dobrovolski R, Diniz-Filho JAF, Loyola RD, De Marco Júnior P
(2011) Agricultural expansion and the fate of global
conservation priorities. Biodiversity and Conservation 20:
2445–2459.
Duffy JE (2003) Biodiversity loss, trophic skew and ecosystem
functioning. Ecology Letters 6: 680–687.
Eken G, Bennun L, Brooks TM, Darwall W, Fishpool LDC,
Foster M et al. (2004) Key biodiversity areas as site
conservation targets. Bioscience 54: 1110–1118.
Eva HD, Belward AS, de Miranda EE, di Bella CM, Gond V,
Huber O et al. (2004) A land cover map of South America.
Global Change Biology 10: 731–744.
Faleiro FV, Machado RB, Loyola RD (2013) Defining spatial
conservation priorities in the face of land-use and climate
change. Biological Conservation 158: 248–257.
Frank DA, McNaughton SJ, Tracy BF (1998) The ecology of the
Earth’s grazing ecosystems. Bioscience 48: 513–521.
Gasparri NI, Grau HR (2009) Deforestation and fragmentation
of Chaco dry forest in NW Argentina (1972–2007). Forest
Ecology Management 258: 913–921.
Gill R (2006) The influence of large herbivores on tree
recruitment and forest dynamics. In: Danell K, Duncan P,
Bergström R (eds) Large Herbivore Ecology, Ecosystem
Dynamics and Conservation, 170–202. Cambridge University
Press, Cambridge, UK.
González S, Maldonado JE, Leonard JA, Vilà C, Barbanti Duarte
JM, Merino M et al. (1998) Conservation genetics of the
endangered Pampas deer (Ozotoceros bezoarticus). Molecular
Ecology 7: 47–56.
Gonzalez S, Merino ML (2008) Ozotoceros bezoarticus. In: IUCN
Red List of Threatened Species. Version 2013.2. Downloaded
on 8 July 2014. http://www.iucnredlist.org
Hansen AJ, DeFries R, Turner W (2005) Land use change and
biodiversity, a synthesis of rates and consequences during the
period of satellite imagery. In: Gutman V, Janetos AC, Justice
CO (eds) Land Change Science, Observing, Monitoring, and

Mammal Review 45 (2015) 41–53 © 2014 The Mammal Society and John Wiley & Sons Ltd

51

Loss of Chacoan mammals

M. E. Periago, V. Chillo and R. A. Ojeda

Understanding Trajectories of Change on the Earth’s Surface,
283–304. Kluwer Academic Publishers, Boston, Massachusetts,
USA.
Harrison RD, Tan S, Plotkin JB, Slik F, Detto M, Brenes T et al.
(2013) Consequences of defaunation for a tropical tree
community. Ecology Letters 16: 687–694.
Hobbs NT (2006) Disturbance by large herbivores. In: Danell K,
Duncan P, Bergström R (eds) Large Herbivore Ecology,
Ecosystem Dynamics and Conservation, 261–288. Cambridge
University Press, Cambridge, UK.
Hoffmann WA, Geiger EL, Gotsch SG, Rossatto DR, Silva LCR,
Lau OL et al. (2012) Ecological thresholds at the
savanna-forest boundary: how plant traits, resources and fire
govern the distribution of tropical biomes. Ecology Letters 15:
759–768.
Hoyos LE, Cingolani AM, Zak MR, Vaieretti MV, Gorla DE,
Cabido MR (2013) Deforestation and precipitation patterns
in the arid Chaco forests of central Argentina. Applied
Vegetation Science 16: 260–271.
Keuroghlian A, Desbiez A, Reyna-Hurtado R, Altrichter M, Beck
H, Taber A, Fragoso JMV (2013) Tayassu pecari. In: IUCN Red
List of Threatened Species. Version 2013.2. Downloaded on 8
July 2014. http://www.iucnredlist.org.
Kufner M, Sepúlveda L, Gavier G, Madoery L, Giraudo L (2008)
Is the native deer Mazama gouazoubira threatened by
competition for food with the exotic hare Lepus europaeus in
the degraded Chaco in Córdoba, Argentina? Journal of Arid
Environments 72: 2159–2167.
Kunst C, Ledesma R, Bravo S, Albanesi A, Anriquez A, van Meer
H, Godoy J (2012) Disrupting woody steady states in the
Chaco region (Argentina): responses to combined disturbance
treatments. Ecological Engineering 42: 42–53.
Kurten EL (2013) Cascading effects of contemporaneous
defaunation on tropical forest communities. Biological
Conservation 163: 22–32.
Laurance WF, Carolina Useche D, Rendeiro J, Kalka M,
Bradshaw CJA, Sloan SP et al. (2012) Averting biodiversity
collapse in tropical forest protected areas. Nature 489:
290–294.
Lazure L, Bachand M, Ansseau C, Almeida-Cortez JS (2010) Fate
of native and introduced seeds consumed by captive
white-lipped and collared peccaries (Tayassu pecari, Link 1795
and Pecari tajacu, Linnaeus 1758) in the Atlantic rainforest,
Brazil. Brazilian Journal of Biology 70: 47–53.
Lehman CER, Anderson TM, Sankaran M, Higgins SI, Archibald
S, Hoffman WA et al. (2014) Savanna vegetation-fire-climate
relationships differ among continents. Science 343:
548–552.
Leithead M, Anand M, Duarte LDS, Pillar V (2012) Causal
effects of latitude, disturbance and dispersal limitation on
richness in a recovering temperate, subtropical and tropical
forest. Journal of Vegetation Science 23: 339–351.
Loyola RD, Kubota U, da Fonseca GAB, Lewinsohn TM (2009)
Key Neotropical ecoregions for conservation of terrestrial
vertebrates. Biodiversity and Conservation 18: 2017–2031.

52

Luck GW, Daily GC, Ehrlich PR (2003) Population diversity and
ecosystem services. Trends in Ecology and Evolution 18:
331–336.
McConkey KR, Prasad S, Corlett RT, Campos-Arceiz A, Brodie
JF, Rogers H, Santamaria L (2012) Seed dispersal in changing
landscapes. Biological Conservation 146: 1–13.
McNaughton SJ, Ruess RW, Seagle SW (1988) Large mammals
and process dynamics in African ecosystems. Bioscience 38:
794–800.
Mares MA (1992) Neotropical mammals and the myth of
Amazonian biodiversity. Science 255: 976–979.
Mares MA, Ojeda RA (1984) Faunal commercialization as a
factor in South American rarefaction. Bioscience 34: 580–584.
Morello J, Saravia Toledo C (1959a) El bosque chaqueño I.
Paisaje primitivo, paisaje natural y paisaje cultural en el
oriente de Salta. Revista Agronómica del Noroeste Argentino 3:
5–81.
Morello J, Saravia Toledo C (1959b) El bosque chaqueño II. La
ganadería y el bosque en el oriente de Salta. Paisaje primitivo,
paisaje natural y paisaje cultural en el oriente de Salta. Revista
Agronómica del Noroeste Argentino 3: 209–258.
Morello J, Pengue W, Rodríguez AF (2006) Etapas de uso de los
recursos y desmantelamiento de la biota del Chaco. In: Brown
A, Martinez Ortiz U, Acerbi M, Corcuera J (eds) La Situación
Ambiental Argentina 2005, 83–90. Fundación Vida Silvestre
Argentina, Buenos Aires, Argentina.
Motta-Junior JC, Martins K (2002) The frugivorous diet of the
maned wolf, Chrysocyonbrachyurus, in Brazil: ecology and
conservation. In: Levey DJ, Silva WR, Galetti M (eds) Seed
Dispersal and Frugivory: Ecology, Evolution, and Conservation,
291–303. CABI Publishing, Oxford, UK.
Naveda A, de Thoisy B, Richard-Hansen C, Torres DA, Salas L,
Wallance R et al. (2008) Tapirus terrestris. In: IUCN Red List
of Threatened Species. Version 2013.2. Downloaded on 8 July
2014. http://www.iucnredlist.org.
Nori J, Lescano JN, Illoldi-Rangel P, Frutos N, Cabrera MR,
Leynaud GC (2013) The conflict between agricultural
expansion and priority conservation areas: making the right
decisions before it is too late. Biological Conservation 519:
507–513.
Odadi WO, Karachi MK, Abdulrazak SA, Young TP (2011)
African wild ungulates compete with or facilitate cattle
depending on season. Science 333: 1753–1755.
O’Gorman EJ, Yearsley JM, Crowe TP, Emmerson MC,
Jacob U, Petchey OL (2011) Loss of functionally unique
species may gradually undermine ecosystems. Proceedings
of the Royal Society B: Biological Sciences 278:
1886–1893.
Ojeda RA, Mares MA (1982) Conservation of South American
mammals: Argentina as a paradigm. In: Mares MA, Genoways
HH (eds) Mammalian Biology in South America, Special
Publication Series No. 6, 505–521. Pymatuning Laboratory of
Ecology, Linesville, Pennsylvania, USA.
Ojeda RA, Borghi CE, Roig VG (2002) Mamíferos de Argentina.
In: Ceballos G, Simonetti JA (eds) Diversidad y Conservación

Mammal Review 45 (2015) 41–53 © 2014 The Mammal Society and John Wiley & Sons Ltd

M. E. Periago, V. Chillo and R. A. Ojeda

de los Mamíferos Neotropicales. CONABIO, Instituto de
Ecología, Universidad Nacional Autónoma de México, México
DF, México.
Ojeda RA, Bárquez RM, Stadler J, Brandl R (2008) Decline of
mammal species diversity along the Yungas forest of
Argentina. Biotropica 40: 515–521.
Ojeda RA, Díaz G, Chillo V (eds; 2012) Libro Rojo de los
Mamíferos Amenazados de la Argentina. Sociedad Argentina
para el Estudio de los Mamíferos, Buenos Aires, Argentina.
Oliveira-Santos LGR, Fernandez FAS (2011) Reintroduction and
refaunation: response to Seddon et al. Conservation Biology
25: 213.
Olson DM, Dinerstein E, Wikramanayake ED, Burgess ND,
Powell GVN, Underwood EC et al. (2001) Terrestrial
ecoregions of the world: a new map of life on Earth.
Bioscience 51: 933–938.
Parker JD, Burkepile DE, Hay ME (2006) Opposing effects of
native and exotic herbivores on plant invasions. Science 311:
1459–1461.
Paula RC, Medici P, Morato RG (2008) Maned wolf action plan –
population and habitat viability assessment. Edições IBAMA,
Brasília, Brazil.
Pimm SL, Jones HL, Diamond J (1988) On the risk of
extinction. American Naturalist 132: 757–785.
Primack RB (2012) Conservation outside protected areas. In:
Primack RB (ed) A Primer of Conservation Biology, 255–281.
Sinauer Associates, Inc. Publishers, Sunderland, Maryland,
USA.
Redford KH (1992) The empty forest. Bioscience 42: 412–422.
Redford KH, Taber A, Simonetti JA (1990) There is more to
biodiversity than the tropical rain forests. Conservation
Biology 4: 328–330.
Redford KH, Amato G, Baillie J, Beldomenico P, Bennett EL,
Clum N et al. (2011) What does it mean to successfully
conserve a (vertebrate) species? Bioscience 61: 39–48.
Reus ML, Peco B, de los Ríos C, Gianonni S, Campos CM (2012)
Trophic interactions between two medium-sized mammals:
the case of the native Dolichotis patagonum and the exotic
Lepus europaeus in a hyper-arid ecosystem. Acta Theriologica
58: 205–214.
Riginos C, Porensky LM, Veblen KE, Odadi WO, Sensenig RL,
Kimuyu D et al. (2012) Lessons on the relationship between
livestock husbandry and biodiversity from the Kenya
Long-term Exclosure Experiment (KLEE). Pastoralism:
Research, Policy and Practice 2: 10.
Robinson JG, Redford KH (1991) Sustainable harvest of
neo-tropical mammals. In: Robinson JG, Redford KH (eds)
Neo-Tropical Wildlife Use and Conservation, 415–429. Chicago
University Press, Chicago, Illinois, USA.
Sandoval ML, Bárquez RM (2013) The Chacoan bat fauna
identity: patterns of distributional congruence and
conservation implications. Revista Chilena de Historia Natural
86: 75–94.
Schipper J, Chanson JS, Chiozza F, Cox NE, Hoffmann M,
Katariya V et al. (2008) The status of the world’s land and

Loss of Chacoan mammals

marine mammals: diversity, threat, and knowledge. Science
322: 225–230.
Staver AC, Archibald S, Levin SA (2011) The global extent and
determinants of savannas and forest as alternative biome
states. Science 334: 230–232.
Stoner KE, Henry M (2009) Seed dispersal and frugivory in
tropical ecosystems. In: Del Claro K, Oliveira PS, Rico-Gray V
(eds) Tropical Biology and Conservation Management.
Encyclopedia of Life Support Systems (EOLSS), developed
under the Auspices of the UNESCO, Eolss Publishers, Paris,
France. (http://www.eolss.net).
Terborgh J (1988) The big things that run the world – a sequel
to E. O. Wilson. Conservation Biology 2: 402–403.
Torres R, Jayat JP (2010) Modelos predictivos de distribución
para cuatro especies de mamíferos (Cingulata, Artiodactyla y
Rodentia) típicas del Chaco en Argentina. Mastozoología
Neotropical 17: 335–352.
van der Waal C, Kool A, Meijer SS, Kohi E, Heitkönig IM, de
Boer WF et al. (2011) Large herbivores may alter vegetation
structure of semi-arid savannas through soil nutrient
mediation. Oecologia 165: 1095–1107.
Wilkie DS, Bennett EL, Peres CA, Cunningham AA (2011) The
empty forest revisited. Annals of the New York Academy of
Sciences 1223: 120–128.
Willson M, Traveset A (2000) The ecology of seed dispersal. In:
Fenner M (ed) Seeds: The Ecology of Regeneration in Plant
Communities, 85–110. CAB International, Wallingford, UK.
Wisdom MJ, Vavra M, Boyd JM, Hemstrom MA, Ager AA,
Johnson BK (2006) Understanding ungulate herbivory –
episodic disturbance effects on vegetation dynamics:
knowledge gaps and management needs. Wildlife Society
Bulletin 34: 283–292.
Wotton DM, Kelly D (2011) Frugivore loss limits recruitment of
large-seeded trees. Proceedings of the Royal Society B: Biological
Sciences 278: 3345–3354.
Wright SJ, Stoner KE, Beckman N, Corlett RT, Dirzo R,
Muller-Landau HC et al. (2007) The plight of large animals in
tropical forests and the consequences for plant regeneration.
Biotropica 39: 289–291.
Zak MR, Cabido M, Hodgson JG (2004) Do subtropical seasonal
forests in the Gran Chaco, Argentina, have a future? Biological
Conservation 120: 589–598.
Zak MR, Cabido M, Cáceres D, Díaz S (2008) What drives
accelerated land cover change in central Argentina?
Synergistic consequences of climatic, socioeconomic, and
technological factors. Environmental Management 42:
181–189.

SUPPORTING INFORMATION
Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:
Appendix S1. Additional references cited only in the Tables

Mammal Review 45 (2015) 41–53 © 2014 The Mammal Society and John Wiley & Sons Ltd

53

