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ABSTRACT. Mammals are key components of biodiversity mediating ecosystem functions, mainly because of
the diversity of forms and functions of this group. Understanding and making explicit the role of mammals
underpinning Nature’s Contributions to People (NCP) or directly contributing to human well-being would
help to influence policy formulation towards sustainable development and nature conservation. Through
a workshop held at the XXXII Jornadas Argentinas de Mastozoologia and subsequent collaborative work,
we compiled information related to Mammal’s Contributions to People in Argentina (MCP-Arg) based on
participants’ interpretation of the available literature and their field experience. Argentinian mammals
contribute to 12 of the 18 defined NCPs. We derived numerous MCP-Arg from studies that focused mainly on
ecological processes and conservation, revealing an information gap in MCP-Arg description, quantification,
and mapping. All taxa contribute similarly to the overall contributions, highlighting the importance of
preserving mammal diversity. Conservation should also be framed at the local community rather than
regional scales, aiming to preserve ecological functioning and contributions to human well-being, especially
within regulation contributions. Our results show destructive feedback between threats and habitat-related
contributions, with habitat degradation being the greatest threat to mammalian contributions and habitat
maintenance the most threatened one. Our research indicates that a substantial amount of knowledge about
MCP-Arg is available through narratives and interpretations. Considering the NCP approach to mammalian
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research, we can make significant contributions to both mammal conservation and human well-being.

RESUMEN. CONTRIBUCIONES POTENCIALES AL BIENESTAR HUMANO DE LOS MAMIFEROS
EN ARGENTINA. Debido a su diversidad de formas y funciones, los mamiferos son componentes clave de
la biodiversidad y cumplen importantes funciones ecosistémicas. Para formular politicas que permitan un
desarrollo sostenible y la conservacion de la naturaleza, es fundamental comprender y explicitar el papel de los
mamiferos en sustentar las Contribuciones de la Naturaleza a las Personas (CNP). Durante un taller realizado
en las XXXII Jornadas Argentinas de Mastozoologia y un posterior estudio colaborativo, hemos recopilado
informacién relacionada con las CNP de mamiferos en Argentina (CMP-Arg) en base a la interpretacién
de la literatura disponible y la experiencia de campo. En la Argentina, los mamiferos contribuyen en 12 de
las 18 CNP definidas. Deducimos numerosas CMP-Arg de estudios centrados principalmente en procesos
ecolégicos y de conservacion, que muestran un vacio de informacion en cuanto a descripcion, cuantificacién y
mapeo de CMP-Arg. Todos los taxones realizan aportes similares a las contribuciones totales, lo que destaca la
importancia de preservar la diversidad de mamiferos. Los esfuerzos de conservacién deben enmarcarse no solo
a escala regional, sino también a escala local, con el objetivo de preservar las CNP. Nuestros resultados han
mostrado una asociacion entre amenazas y contribuciones relacionadas con el habitat: la degradacién de este
ha sido la principal amenaza para las contribuciones y su mantenimiento la contribucién mas amenazada.
Nuestra investigacion muestra que una cantidad importante de conocimiento sobre CMP-Arg esta disponible
a través de narrativas y representaciones sociales. Mediante la implementacién del enfoque del CNP en
la investigacién mastozooldgica, podemos hacer aportes significativos tanto para la conservacioén de los
mamiferos como para el bienestar humano.

Key words: Biodiversity, conservation, ecosystem functions, ecosystem services, Nature’s Contributions to
People.
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INTRODUCTION people’s quality of life” (Diaz et al. 2018). The NCP ap-
proach includes direct and indirect effects of nature
on the quality of life, and it involves narratives of ac-
tors in the definition and assessment of different con-
tributions (Diaz et al. 2018). In this way, the approach
can be more easily applied to compile and reframe
the knowledge of ecologists and other actors within
the systems in which they work, and to analyze
different perceptions of the species or groups whose
contributions are recognized as benefits or detri-
ments depending on the actor’s perspective. This
holistic assessment supports decision-making and
conservation actions, including diverse perceptions
and multiple contributions to human well-being (and
ecosystem functioning underpinning those contri-
butions) (Takahashi et al. 2022). In particular, this
approach can contribute to participatory processes
to resolve conflicts between wildlife and productive
activities (Williams et al. 2018; Vila & Arzamendia

The ability of the planet to continue to provide
beneficial contributions from nature to human well-
being is limited and declining due to demographic
and socioeconomic development pressures at differ-
ent scales (MEA 2005; IPBES 2019). There is con-
sensus on the increasingly urgent need to align
conservation and development through global poli-
cies, such as the Sustainable Development Goals
(SDGs; United Nations 2015). To assess the knowl-
edge to inform policy formulation towards sustain-
able development, the Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem
Services (IPBES) recently proposed the Nature’s
Contributions to People (NCP) approach.
According to IPBES, “NCP are all the contribu-
tions, both positive and negative, of living nature
(diversity of organisms, ecosystems, and their as-
sociated ecological and evolutionary processes) to
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2020; Takahashi et al. 2022). Implementing integrated
valuation to open a new perspective on conserva-
tion requires an understanding of the relationship
between biodiversity and human well-being, which
still need to be disentangled (Mastrangelo et al. 2019).

Mammals are key components of biodiversity that
mediate ecosystem functions, mainly because of
their diversity of forms and functions (Lacher et al.
2019). Therefore, understanding and making explicit
the role of mammals underpinning NCP or directly
contributing to human well-being would contribute
significantly to informing policy formulation toward
sustainable development and nature conservation.
This understanding of the role of mammals is mainly
contained in the relationship of Nature and NCP
within the IPBES conceptual framework. However,
ecological knowledge of processes and threats affect-
ing mammals could inform policy identifying some
direct drivers (Fig. 1).

The role of mammals in ecosystems and their re-
lationship with other components, including human
populations, have been recently reviewed by Lacher
etal. (2019). Although this review was not in terms of
Mammals’ Contributions to People (MCP) approach,
the authors acknowledge an information gap about
the relationship between mammals’ ecosystem func-
tions and human well-being (Lacher et al. 2019).
However, previous studies have documented the
contributions of some species to human well-being
in terms of ecosystem services (Kunz et al. 2011;
Valentine 2014; Rodrigues et al. 2020). For example,
digging mammals contribute to soil fertility and seed
dispersal, through foraging activities, and habitat
creation, through seed capture, seedling germination,
recruitment and plant diversity in some foraging
pits (Valentine 2014). Armadillos, in addition to their
contributions as digging mammals, act as sentinel
species for contaminants, disease surveillance and
pest control, provide meat and medicine, and as
non-material contributions, they are conservation
flagship species (Rodrigues et al. 2020). Bats con-
tribute to ecosystem regulation through arthropod
suppression, seed dispersal, and pollination of a wide
variety of ecologically and economically important
plants, provide food, guano as fertilizer and medicine,
and contribute to culture (Kunz et al. 2011). Overall,
important contributions of these mammals to people
have been described, but gaps in understanding some
ecological processes or the measurement of positive
consequences for human well-being have also been
identified. In addition, the assessment of these con-
tributions was based primarily on ecological studies
rather than a direct compilation of studies on the

contributions themselves. Therefore, the narrative of
ecologists is crucial for understanding and making
explicit MCP to foster the new dimension of mammal
conservation.

In Argentina, 98 out of 400 mammal species as-
sessed are threatened (SAyDS & SAREM 2019), and
threats related to habitat transformation and climate
change are expected to increase in the near future
(IPBES 2019). An assessment of the known contribu-
tions to people provided by mammals in Argentina
(MCP-Arg) helps ecologists visualize information
that is already available but may be lost in studies
focused on other subjects, such as seed dispersal of a
species instead of habitat maintenance. By acknowl-
edging the contributions to people provided by mam-
mals in Argentina (hereafter MCP-Arg), policy and
conservation efforts can focus on conserving these
processes and mitigating the current environmental
crisis (Fig. 1).

To our knowledge, no article focused on compiling
available ecological and ethnozoological information
to highlight known MCP-Arg. Therefore, our study
is the first approach to understanding the available
information and gaps related to MCP-Arg. First,
we aimed to develop a baseline for MCP-Arg, by
identifying contributions to people that mammals
may provide in Argentina according to species and
ecological processes involved. To achieve this goal,
we worked with expert elicitation to gather available
information in their fields. Our second objective
was to record the gaps in the baseline to contribute
to future research for assessing the perspectives
for the maintenance of MCP-Arg. To meet these
goals, we focused mainly on the role of mammals
underpinning MCP, and only discussing some other
elements and relationships of the IPBES framework
(Fig. 1).

Our article is structured as follows. First, we
present the methodological approach and then the re-
sults, which are divided into (1) a general qualitative-
quantitative description of MCP-Arg and the com-
piled information, and (2) the understanding of MCP-
Arg and the ecological processes involved according
to the classification proposed by IPBES to facili-
tate the localization and comparison of information
among contributions. Finally, we discuss the implica-
tions of the general finding about MCP-Arg and the
information gaps for both mammalian conservation
and human well-being.

METHODS

This article arose from a workshop developed during
the XXXII Jornadas Argentinas de Mastozoologia (JAM,
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Fig. 1. Focus on the role of mammals underpinning the NCP and the effects of drivers threatening mammalian populations
within the IPBES conceptual framework (Diaz et al. 2015). Boxes denote the basic components of nature and society that are
the focus of IPBES, and dark grey boxes with non-dotted lines indicate those components that are the focus of this research:
mammals within nature, Mammal’s Contributions to People (MCP) within nature’s contributions to people (after Diaz et al.
2018), and direct drivers of change with particular emphasis on anthropogenic drivers. The arrows between the elements
represent influences and interactions between IPBES components, and the solid black arrows are the ones researched in this

study (arrow numbers are the same as in Diaz et al. 2015).

Argentine Mammalogy Meeting) attended by 44 experts.
Considering that: 1) the JAM is an annual scientific meet-
ing organized by the Argentine Society of Mammalogists
and the gathering place par excellence for mammalogy
specialists working on different sub-disciplines; and 2) an
expert is someone who holds information about a given
topic through training, research, and skills, but could also
through personal experience (Martin et al. 2012); the only
criterion for participation as an expert in the workshop
was attendance at the XXXII JAM. Therefore, the group
of experts participating in this study represents a sample
of mammalogists from various subdisciplines, who have
information about the role of mammals in the ecosystems
and the relationships between mammals and humans.
Because this sample was biased toward ecologists, to de-
velop the baseline for MCP-Arg assessment, we focused on
identifying the species and ecological processes involved
in underpinning MCP-Arg and threats over species and
processes (Fig. 1).

During the workshop, experts shared their experiences
to identify the contributions to human well-being by differ-
ent mammal species or taxa and the associated processes,
considering the 18 NCP identified by IPBES as a reference,
and providing literature references when possible (see
sup. mat. 1 for the workshop dynamics description). The
workshop was the first of four steps in the expert elicita-
tion process adapted from the IDEA protocol (Investigate-
Discuss-Estimate-Aggregate, Hemming et al. 2018; Fig. 2).
However, to develop an MCP-Arg baseline, the elicitation
was primarily qualitative.

Following the elicitation process after the workshop (in-
vestigation step), most participants kept in contact and col-
laborated remotely to 1) discuss the results of the workshop
(discussion step); 2) identify MCP-Arg (estimation step) in
a more detailed way answering an online form, and; 3)
compile the information related to MCP-Arg (aggregation
step) obtained via the online form (Fig. 2). By responding
the form, participants contributed with information on four
main topics: MCP-Arg narratives, mammalian processes
and functions underpinning MCP-Arg, the conservation
status of populations and their main threats, and evidence
supporting the former three topics (scientific published
articles, technical reports, unpublished field observations;
the complete list of literature compiled during expert
elicitation process is in sup. mat 1). The online form was
designed to guide and compile input from all participants
(see sup. mat. 2). It is important to note that the baseline
of MCP-Arg developed by participants from the available
literature and their own experiences in the field is not
intended to be exhaustive. However, we consider that the
compilation of expert knowledge was sufficient to fulfill
the objectives of the article.

To evaluate possible regional bias due to the composi-
tion of the expert group, a Pearson’s correlation test was
performed between the number of MCPs and the number
of experts in each particular ecoregion (Burkart et al. 1999).
To visualize the information gaps in MCP-Arg, we also
used a word cloud analysis using the keywords, titles
and abstract of the literature referenced in the compiled
contributions. A word cloud is a visual representation
of word frequency in which the more frequently a term
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Fig. 2. Workflow diagram for the expert elicitation process adapted from the IDEA protocol (Investigate-Discuss-Estimate-

Aggregate, Hemming et al. 2018).

occurs in the analyzed text, the larger the word appears
in the generated image (Padmanandam et al. 2021). Word
clouds are increasingly used as a simple tool to identify
the focus of written material (Flaherty et al. 2017; Vlami
et al. 2020; Choudhury et al. 2021). Finally, to summarize
information about the most important threats, we summed
the importance that experts placed on each threat for
all taxa, and for each contribution. We used a scale of
one to five, indicating the most and less important threat,
respectively, affecting the taxa or its contribution to people.
All analyzes were performed using R (Feinerer et al. 2008;
Neuwirth 2014; Silge & Robinson 2016; Wickham 2016;
Fellows 2018; Feinerer & Hornik 2019; Wickham 2019; R
Core Team 2020; Wickham 2021b,a; Wickham et al. 2021).
During the compilation (aggregation step of the proto-
col), it became clear that some MCPs are tightly related.
When a taxon contributes with two related MCPs, the
one more directly or strongly related to human benefits
was registered as the contribution for the compilation,
and the other was considered as the ecological process
underpinning the contribution. For example, habitat cre-
ation and seed dispersal are often provided by the same
species that contribute to the maintenance of a shrubland
habitat through shrub seeds dispersal. Another example
is the activity of digging mammals that contribute to soil
formation and maintenance, but also habitat creation.

RESULTS

Argentine mammals contribute to at least 12 of
the 18 NCPs defined by IPBES (Table 1, Table S1).
Most of the contributions described were regulatory
contributions (39.5%, Table 1). From most to less
described contributions, we found: habitat creation
and maintenance (16.3%); pollination and dispersal
of seeds and other propagules (15.1%); formation,
protection, and decontamination of soils and sedi-
ments (3.5%); regulation of climate, and regulation
of detrimental organisms and biological processes
(2.3% each). Material contributions accounted for 36%
(Table 1) and were described in three types: food
and feed, materials, companionship, and labor and
medicinal, biochemical, and genetic resources. Non-
material contributions represented 24.4% (all types
were described, Table 1). In addition, one example
of maintenance of options was described (Table
S1), that is regulation, material, and no material
contribution at the same time (Diaz et al. 2018).
Mammalian contributions to people are differen-
tially present in all Argentinian ecoregions (Fig. 3).
Monte and Chaco were the ecoregions where more
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Fig. 3. Maps of the ecoregions in Argentina (a) show the number of MCP (b), the proportion of the three classes of MCP (b),

and the weighted number of MCP by experts (c).

contributions were registered. The ecoregions across
the Andes, Esteros del Ibera, and Delta e Islas del
Parana registered the fewest contributions (Fig. 3
b). However, the number of contributions and the
number of experts by ecoregion were weakly corre-
lated (Pearson’s r = 0.52, p = 0.028). The weighted
number of contributions identified by experts was
lower in Monte and Patagonia, while Mar Argentino,
Antartida e Islas del Atlantico showed a higher
weighted number of contributions (Fig. 3 ¢). Material
contributions were identified predominantly in the
northeastern ecoregions and Puna, while regulating
contributions were more detected in the southern
continental ecoregions, Monte and Yungas. Non-
material contributions were predominantly identi-
fied in Mar Argentino, Antartida e Islas del Atlantico
(Fig. 3 b).

Habitat creation and maintenance, pollination and
dispersal of seeds, and food and feed showed rela-
tively high redundancy with more than ten groups
or taxa involved in each contribution (Table 1). The
other regulation contributions showed low redun-
dancy (two or three taxa). Each taxon was involved
in an average of 2.45 contributions, standing out gua-
naco (Lama guanicoe) and elephant seal (Mirounga
leonina) that were involved in seven contributions

(Fig. 4).

Word cloud analysis revealed information gaps in
contributions that contrast with the rich literature
on ecological processes (Fig. 5) involving the taxa
summarized in Table 1. Words such as “services”,
“contributions”, “assessment”, “mapping”, “regula-
tion”, “food”, “material”, “medicine”, “inspiration”,
“identity” or “culture”, as some examples of possible
MCP keywords, are not present.

Habitat degradation was a threat to all MCP-
Arg. In contrast, contamination of habitat, alteration
due to climate change, and other impacts related
to human presence threatened most contributions
(Fig. 6). Habitat creation and maintenance and food
and feed were the most threatened contributions.

In the following three sections, we present a
synthesis of the compiled information on the process
and groups/species intervening in MCP-Arg.

1. Regulation
Habitat creation and maintenance

Fossorial mammals facilitate water infiltration and
reduce surface runoff by capturing plant seeds, pro-
moting plant germination and growth, transporting
nutrients from deep soil layers to the surface, and
capturing organic matter (Kinlaw 1999; Fleming et
al. 2014). Thus, they can impact vegetation structure
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Fig. 4. Percentage of contributions of each taxon across all
MCP registered.
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directly through their foraging activities, affecting
plant species structure and composition, and their
distribution and dispersal (Galil 1967; Borghi &
Giannoni 1997; Gémez-Garcia et al. 2009). Indirectly,
fossorial mammals through their digging activity
modify the physical and chemical properties of
the soil, disperse arbuscular mycorrhizae and dark
septate endophytic fungi and facilitate sexual or
asexual reproduction (Contreras & Gutiérrez 1991;

Whitford & Kay 1999; Lara et al. 2007; Fracchia et al.
2011). They also store food, feces, and seeds in their
burrows, creating patches rich in organic content
and influencing dispersal of different plant species
(Borghi & Giannoni 1997; Gémez-Garcia et al. 2009).

Many burrowing small mammals are identified as
ecosystem engineers, including species of Ctenomys
spp. (Andino & Borghi 2017; Borghi et al. 2020).
Ctenomys mendoncinus plays a dual role, acting
both as an herbivorous and a facilitator of repro-
duction and propagation of numerous plant species.
Herbivory by medium-sized rodents is important in
the Monte communities, where Ctenomys species
produce changes in plant cover, composition, and
diversity (Borruel et al. 1998; Campos et al. 2001; Tort
et al. 2004). Herbivory by C. mendocinus reduced
herbaceous (Aristida sp., Pappophorum caespitosum,
and Digitaria sp.), and shrub (Larrea cuneifolia and
L. divaricata) cover in the Central Monte (Borruel et
al. 1998; Campos et al. 2001). At the upper limit of
Monte, the foraging impacted L. divaricata, Lycium
chilensis, Junellia seriphioides, and Menodora decem-
fida (Tort et al. 2004).

In the Puna ecoregion, research has shown that C.
mendocinus increases the dominance of shrub cover,
especially the unpalatable shrub Artemisia men-
dozana (sagebrush), in plant communities (Andino
& Borghi 2017). However, it decreases the cover
of herbs, grasses, and palatable shrubs (Lara et al.
2007). At sites inhabited by this rodent, sagebrush
plants also increase their seed production and size
(Andino & Borghi 2017), as well as sexual and asexual
propagation (Borghi et al. 2020). Reproduction of
several plant species improved in areas disturbed
by Ctenomys species, especially sexual reproduction
(Borghi et al. 2020). Facilitated plant reproduction
and propagation in the Puna could be produced by
a more efficiently capturing wind-dispersed seeds
in burrows, mounds, and feeding holes (Borghi et
al. 2020). Ctenomys modifies emerging vegetation
patterns in the Puna, and acts as a keystone species
because its activities are one of the factors that
influence plant reproduction and, consequently, the
successional development of vegetation communi-
ties (Borghi et al. 2020).

The mara (Dolichotis patagonum) is another ro-
dent species that contributes to habitat creation
and maintenance. This species digs warrens that
provide habitat and refuge for other species (Alonso
Roldan & Udrizar Sauthier 2016; Gatica et al. 2020).
Among the species recorded using the mara warrens
are Athene cunicularia, which may contribute to
pest control, Lepus europaeus, and Chaetophractus
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Fig. 6. Threats to MCP. On a scale of 1 to 5, the more important threats for each MCP are in darker red, while white
indicates no threat. Numbers refer to MCP: 1 Habitat creation and maintenance; 2 Pollination and dispersal of seeds and
other propagules; 4 Regulation of climate; 8 Formation, protection and decontamination of soils and sediments; 10 Regulation
of detrimental organisms and biological processes; 12 Food and feed; 13 Materials, companionship and labor; 14 Medicinal,
biochemical and genetic resources; 15 Learning and inspiration; 16 Physical and psychological experiences; 17 Supporting

identities; 18 Maintenance of options.

villosus, which are occasionally hunted for food.
There have been no studies to determine if the use
of burrows is opportunistic or if the species that use
them depend on them. To know their function in the
system, there are no available studies about the effect
of warrens on species richness and physical and
chemical abiotic variables. Warrens increase land-
scape heterogeneity and promote species richness
(Root-Bernstein & Ebensperger 2013). Therefore, a
facilitation process may be involved (Machicote et
al. 2004). Other processes involved may be related
to nutrient cycling, water infiltration, and soil for-
mation (Martinez-Estévez et al. 2013) due to digging
and burying organic material.

Pecari tajacu and Tayassu pecari generally predate
on seedlings and seeds, and largely determine the
demography of seedlings and the composition and
dominance of vegetation species in the ecosystem
(Beck et al. 2005; Beck 2006; Beck et al. 2013). Thus
they create and maintain habitats that allow the
presence and survival of various amphibians and
reptile species (Beck et al. 2010, 2013; Reider et al.
2013). In this way, the species contribute to maintain-
ing forest cover and, thus, forest services, such as

regulation of climate (Gasparri et al. 2008; Baumann
et al. 2017), prevention of soil erosion and desertifi-
cation (Rojas 2012), or water salinization (Jobbagy
et al. 2008). They also maintain fodder for cattle of
rural communities of the forest and their traditional
medicine and food resources (Camino et al. 2016,
2018). It is highly probable that Catagonus wagneri
(Catagonus wagneri) also disperses and predates
seeds and performs the same ecosystem functions.
Similarly, the lowland tapir (Tapirus terrestris) has
been mentioned as an ecosystem engineer (Bodmer
1991; Fragoso 1997; Taber et al. 2008; Chalukian et al.
2013; De Bustos et al. 2019) because it can predate
on and disperse seeds, it predates on seedlings, and
its behavior defines ecosystems structure, modify-
ing light penetration and soil properties, among
other things. By defining the plant species present
and dominant in an ecosystem and the vegetation
structure, T. terrestris helps maintain the integrity
and functionality of the ecosystem (Bodmer 1991;
Fragoso 1997; Taber et al. 2008; Chalukian et al. 2009;
De Bustos et al. 2019).

The diet of Mazama gouazoubira includes seeds
of several species, contributing to defining the com-
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position of plants in the area (Richard & Julia 2001;
Periago et al. 2017). By maintaining forest vegetation,
the species indirectly contributes to providing fodder
to the cattle of rural extensive ranchers (Camino,
Pers. Com.). It may also contribute to dispersing
plant species used by indigenous and criollo people
of the forest (Periago et al. 2015).

The wild boar, Sus scrofa, can directly or indi-
rectly affect the habitat of numerous plant and ani-
mal species (Cushman et al. 2004; Barrios-Garcia &
Ballari 2012; Cuevas et al. 2012), and in turn, may
directly affect humans. For example, the presence of
plants can mitigate the process of desertification. In
NE Patagonia, large areas of disturbed soil and many
plant species can be found with exposed roots and
large areas of bare soil (D. Birochio, Pers. Com.). This
type of impact has not been typified or quantified
in this region. The presence of wild boar and its
particular behavior of rooting the ground in search
of food can reduce the vegetation cover and the
composition of plant species (Cuevas et al. 2012);
which in turn affects animal species that use them
for shelter or food.

Primate droppings contribute to habitat creation
allowing forest species to germinate due to the
increased availability of nitrogen and phosphorus
in the forest ground. For example, populations of
Alouatta caraya contribute to forest maintenance
by dispersing large numbers of seeds and providing
suitable sites for natural germination, thereby accel-
erating the seed germination process of native forest
species (Bravo 2003; Fergnani et al. 2020).

In the marine ecosystem, marine mammals are
also reported as contributors to habitat creation
and maintenance and ecosystem engineers (Riisager-
Simonsen et al. 2020), with representative species
in the Argentinean jurisdiction. Marine mammals
directly (or indirectly) modify their environment
by altering local food availability, providing habitat
structure, and supporting diverse biotic assemblages
on the deep sea and the seafloor through their
sinking and floating carcasses after death, as well
as in terrestrial environments when they strand
on coastlines (Lundsten et al. 2010; Roman et al.
2014). They also act as vectors for material flux and
nutrient redistribution within the marine environ-
ment (through vertical mixing, horizontal transfer
and recycling of C, and other limiting nutrients),
enhancing primary productivity and biodiversity
and causing physical changes in their environment
(Pershing et al. 2010; Roman et al. 2014).

The nutrient-rich wastes (Fe in fecal and N in fecal
and urine) of whales (Eubalaena australis) would

play an important role in increasing C fixation
and improving primary productivity in the oceans
(Roman et al. 2014). Carbon is also sequestered in
whale carcasses (Pershing et al. 2010). For example,
a 40-ton whale contains approximately 2 million g
C, equivalent to > 2000 years of background C flux
into the area underlying the carcass (Smith 2006).
Whales contribute to mixing up the water column
by distributing nutrients and microorganisms across
different marine zones, and they can exert strong
pressure on marine communities through direct
predation and indirect food web interactions (Roman
et al. 2014). Southern elephant seals (M. leonina) have
a principal function for trophic relationships as a top
marine predator, facilitating the transfer of nutrients
(Roman et al. 2014) and their redistribution at sea
between different marine regimes.

Pollination and dispersal of seeds and
other propagules

Terrestrial mammals are among the most important
groups of vertebrates that contribute to seed disper-
sal and predation. Depending on the role mammals
play in seed dispersal, the plant species involved, and
human activities, animals could be offering a bene-
fit or prejudice to humans. Animal-mediated seed
dispersal is a mutualism in which the animal gets
benefits by feeding on the fruits and the plant gets
benefits by moving its seeds to new locations where
they can become established. In this way, mammals
can contribute to the maintenance of vegetation
structure and habitat connectivity, which in turn can
have a positive impact on people (e.g., maintaining
native vegetation can prevent soil erosion or deser-
tification process, provide many benefits to people,
or help restore habitats after fires). Furthermore, it
can be significant for local communities due to their
use of the forest, like wood, crafts, and food (Diaz
et al. 2005). In contrast to the above examples, the
dispersal of seeds or propagules by some mammalian
species can be considered as a negative contribution
by ranchers, who regularly take action to control the
growth of native vegetation not suitable for agro-
livestock activities (e.g., seed dispersal by carnivore
species in agroecosystems).

Although small rodents are widely represented
in all mammalian communities, knowledge of their
contribution to seed dispersal and predation in
Argentina is limited. While most small rodents in-
clude seeds in their diet, those belonging to the
genus Calomys are classified as granivorous and
consume mainly weed seeds in agroecosystems
(Dellafiore & Polop 1994, 1998; Castellarini et al.
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2003). In the Monte ecoregion, removing Neltuma
flexuosa seeds by rodents is an important ecolog-
ical interaction (Campos et al. 2016; Miguel et al.
2017, 2018). In this ecosystem, Graomys griseoflavus
stores N. flexuosa fruits and seeds inside the bur-
rows and consumes the propagules for a long time.
Therefore, its contribution is considered negative
for the native forest (Giannoni et al. 2013). Seeds
are also removed by Microcavia maenas (Campos
et al. 2016) and Eligmodontia typus (Giannoni et al.
2013), which move fruits away to consume them
and disperse seeds by scatter-hoarding. All seeds
transported by M. maenas are left in fruit segments or
are covered only by the endocarp, never as predated
seeds (Campos et al. 2016). Thus, M. maenas and E.
typus, unlike G. griseoflavus, contribute to the seed
dispersal of N. flexuosa in the Monte Desert.

Dromiciops gliroides is a known case of animal-
mediated seed dispersal that plays an essential role
in the dispersion of numerous plant species with
fleshy fruits in Patagonian Andean forests (Amico et
al. 2009; Mora & Soto-Gamboa 2011). The quintral
(Tristerix corymbosus) is among these plants, whose
flowers are the only food for the ruby hummingbird
(Sephanoides sephaniodes; Balazote Oliver 2017) dur-
ing the winter season. This hummingbird pollinates
20% of forest woody plant genera (Aizen et al. 2002).
This situation makes the interaction of the Monito
del Monte-Quintral-Hummingbird system become
a key element for the conservation of Patagonian
forests (Rodriguez-Cabal et al. 2007). Balazote Oliver
(2017) observed that D. gliroides lays seeds at suitable
sites for quintral seedling settlement. At these sites,
the seeds will have a high probability of survival
compared to random dispersal sites.

Bats are also important contributors to the pol-
lination and dispersal of seeds and other propag-
ules. In terms of pollination, they are efficient
pollinators visiting the flowers of relatively few
species (Tschapka & Dressler 2002) and transporting
large amounts of pollen (Muchhala & Thomson
2010) over long distances (Dick et al. 2008). For
this contribution, in Argentina, there is evidence
only for the Yungas. Anoura caudifer pollinates
Nicotiana otophora (Nattero et al. 2003), Cleome
viridiflora, Abutilon niveum and Pseudobombax ar-
gentinum (Boero et al. 2016). Sturnira lilium polli-
nates Callianthe nivea (Giannini 1999). Glossophaga
soricina pollinates C. viridiflora, A. niveum, and P.
argentinum, among others (Boero et al. 2016).

Regarding seed dispersal in Campos y Malezales,
Selva Paranaense, and Yungas ecoregions, there is
evidence that S. lilium feeds on plants of families

Moracea, Piperacea, and Solanaceae and G. soricina
disperses seeds of Muntingia calabura (Autino &
Barquez 1994; Iudica & Bonaccorso 1997; Giannini
1999; Sanchez et al. 2012a; Boero et al. 2016; Argoitia,
Pers. Com). In the Yungas, the diet of S. erythromos
and S. oporophilum has a lower diversity of plant fam-
ilies Moracea, Piperacea, and Solanaceae (Giannini
1999; Sanchez et al. 2012b). Sanchez et al. (2012b)
reported preferences of species of Piper spp. by
Carollia perspicillata, Cecropiaceae and Moraceae by
Artibeus lituratus and A. fiambriatus, Celtidacea for
A. planirostris and Ficus spp. by Vampyressa pusilla
in the Yungas and Selva Paranaense ecoregions.

In addition to small mammals, carnivores may
directly or indirectly affect the dispersal of seeds or
propagules (Manfredi et al. 2004; Raices & Bergallo
2010; Castillo et al. 2011; Sarasola et al. 2016). For
example, the Pampas fox (Lycalopex gymnocercus)
plays an important role as a legitimate seed disperser,
both for native species dominant in the native forest
and for exotic species in varied environments such
as agroecosystems, mountain forests, and Neltuma
forests (Campos & Ojeda 1997; Periago et al. 2017;
Dellafiore 2018; Duarte & Dellafiore 2020; Campos
et al. 2021). In addition, top predators can strongly
influence the structure and dynamics of herbivore-
prey communities via predator-prey interactions.
Thus, they can prey on birds or other herbivores and
act as secondary dispensers (Sarasola et al. 2016).

Medium and large-sized herbivores are also seed
dispersers. For example, Lama guanicoe and D.
patagonum are involved in the seed dispersal of
at least three Neltuma species in the Monte ecore-
gion, and they have different effects on germination
(Campos et al. 2008, 2021). It has also been observed
that the guanaco consumes these species in the arid
Chaco, although their dispersive potential has not
been assessed (Geisa et al. 2018). Peccaries and tapirs
are also involved in seed dispersion in northern
Argentina (Beck et al. 2010; De Bustos et al. 2019).

Some arboreal species can play an important role
as seed and fruit dispersers. For example, A. caraya
is a tree-living species that inhabit the rainforests
of northeastern Argentina and has been mentioned
as an important consumer of fruit. Even though this
species is mainly arboreal, it can cross open areas be-
tween patches of vegetation in drier regions, which
may contribute to the dispersal of plant species
(Bravo 2003; Fernandez 2014). Thus, this species can
directly influence the conservation of native forests
and accelerate the regeneration process. Another
tree-living species that inhabits most of northeastern
Argentina is Aotus azarai. This small-sized primate
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feeds on the treetops and rarely goes down to collect
food. It consumes different plant parts (fruits of 25
species, flowers of 13 species, and leaves of 8 species;
Van Der Heide et al. 2012) and disperses the seeds of
various species. This feeding behavior contributes to
creating and maintaining the habitat in which they
live. For example, A. azarai has been observed that
helps to maintain the structure of the gallery forest
in the Chaco Himedo ecoregion in Formosa (Juarez
2014).

Regulation of the climate

Marine mammals in Argentine ecoregions contribute
to ecosystems climate regulation by reducing green-
house gas concentrations in the atmosphere or
oceans as they increase primary productivity by
recycling macro and micronutrients, thus affect-
ing carbon fluxes. Carbon is retained in marine
mammal’s biomass, exported to deep waters (fecal
matter and carcasses), and fixed as a consequence of
primary production stimulated by feces from marine
mammals (Smith 2006; Lavery et al. 2010; Pershing
et al. 2010; Roman & Mccarthy 2010; Roman et al.
2016; Riisager-Simonsen et al. 2020).

Formation, protection and
decontamination of soils and sediments

Among small mammals, bats contribute to nutrient
cycling and energy flow through guano production.
They play an important ecological role in soil fertility
and nutrient distribution due to their relatively high
mobility and use different habitats for roosting and
foraging, which facilitates nutrient transfer within
ecosystems. They also contribute to the redistri-
bution of nutrients from nutrient-rich sources to
nutrient-poor regions (Kasso & Balakrishnan 2013).
A colony of one million T. brasiliensis in Texas
can contribute 22 kg of nitrogen in the form of
guano (Kunz et al. 2011). Bat guano supports a
great diversity of organisms, including arthropods,
fungi, bacteria, and lichens, representing different
trophic levels (Kasso & Balakrishnan 2013; Castillo-
Figueroa 2020). The species Eptesicus fuscus and
Desmodus rotundus are those with the most studies
on guano analysis. Other species included in this
type of study are insectivores such as T. brasilien-
sis and Myotis velifer, frugivorous from the genus
Carollia, Platyrrhinus, Uroderma, Sturnira and om-
nivorous from the genus Phyllostomus and Tonatia
(Castillo-Figueroa 2020). Although these taxa are
represented in Argentina (except E. fuscus, M. velifer,
Phyllostomus, and Uroderma), no studies have been

conducted to demonstrate the contributions of guano
to the ecosystem.

Large terrestrial mammals that contribute posi-
tively to habitat creation and maintenance and soil
formation and conservation include camelids such
as the guanaco (L. guanicoe) and vicuiia (Vicugna
vicugna). These species have pads on their legs which
help to prevent the soil from becoming compacted
by their trampling, and when they feed, they do
not uproot vegetation like cattle (Flores et al. 2012).
These aspects help to ensure that the soil does
not increase its erosion rate. On the other hand,
these ungulates also contribute organic matter with
their feces which increases soil nutrients (Henriquez
2004). The main ecological processes involving these
species are herbivory, nutrient cycling, and seed
dispersal. Therefore, the presence of guanacos in
different areas contributes to the healthy status of
habitats. In Tierra del Fuego, for example, the gua-
naco defecations have a positive effect on vegetation
richness and diversity (Henriquez 2004).

Unlike camelids, wild boar negatively affect soil
structure and function by removing and eliminating
vegetation cover (Cuevas et al. 2012). In an arid zone
such as NE Patagonia, this could contribute to inten-
sifying the degradation process due to wind erosion.
Although there are no data in this region, it is pos-
sible to appreciate important zones of soil removed
by the behavior of rooting the soil in its search for
food (D. Birochio, Pers. Com.). In Argentina, the
population size of the species is unknown, with only
point estimates (Merino & Carpinetti 2003; Pescador
et al. 2009). However, the local perception by in-
habitants of NE Patagonia is that this population is
increasing, so it could be assumed an increase in the
negative impact of the species on the environment
(D. Birochio, Pers. Com).

Marine mammals that breed and molt on land,
such as pinnipeds (sea lions and seals), are vectors for
material flux and nutrient redistribution between ma-
rine and terrestrial sites, importing limiting nutrients
and affecting biota dynamics (Panagis 1985; Smith
2006; Campagna et al. 2007; Smith 2008; Pershing
et al. 2010; Roman et al. 2014). Southern elephant
seals (M. leonina) can import up to 74 tons of N and
4 tons of P from the ocean, enhancing soil nutrient
status (total forms of N, Ca, K, Mg, and the available
forms of Ca, Na, Mg, and NH4) through their excreta,
placenta, molted skin, and carcasses, stimulating
ecological processes and directly affecting plant and
invertebrate dynamics (Panagis 1985; Smith 2008).
In addition, the species has a principal function in
trophic relationships as a top marine predator by
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facilitating the transfer of nutrients (Roman et al.
2014) and their redistribution at land sites where
they occur (Campagna et al. 2007).

Regulation of detrimental organisms and
biological processes

Mammals can be important in controlling pests
and disease vectors and regulating their abundance
or distribution. Representative groups of mammals
within Argentine ecoregions, especially bats and na-
tive carnivores, have been reported to contribute to
regulating different detrimental organisms, mainly
through predator-prey interactions.

Insectivorous bats within Argentina are mainly
represented by the families Emballonuridae,
Molossidae, and Vespertilionidae. Bat activity and
diversity are strongly correlated with the abundance
of arthropods (Kunz et al. 2011). Bats prey on a wide
variety of insects (consuming up to 70% of their
body mass), including devastating agricultural pests
and human disease vectors in different ecosystems
(Kalka et al. 2008; Williams-Guillén et al. 2008;
Kunz et al. 2011; Ghanem & Voigt 2012). In the
northwestern Yungas, Tadarida brasiliensis and
some vespertilionidae consume various orders of
arthropods, being the Lepidoptera, Hymenoptera,
and Coleoptera the most recurrent (Bracamonte
2013; Gamboa Alurralde et al. 2019). In the Pampa
ecoregion, T. brasiliensis preys mainly on Diptera
(Olmedo et al. 2021).

Top predators, such as native carnivores, can
strongly affect the structure and dynamics of
herbivore-prey communities. The ecological role of
carnivores in natural communities is mainly asso-
ciated with predation and competition. The former
includes predatory interactions that can affect the
behavior, demography, and population dynamics
of their prey, which may sometimes include other
predators (i.e., intra-guild predation), while compe-
tition encompasses inter-specific interactions with
other top predators at the same trophic level (Ripple
et al. 2014; Winnie Jr. & Creel 2017). Rodents are
among the most important species that carnivores
can help to control. In this way, they reduce the
transmission of rodent-borne pathogens (Ostfeld &
Holt 2004). Carnivores can also help control other
species that negatively impact agricultural activities
(e.g., plains vizcacha [ Lagostomus maximus] and rhea
[Rhea americanal).

2. Materials
Food and feed

Traditionally, wild animals are an important
food source for indigenous and criollo people
in Argentina. One of the native mammals most
commonly consumed in the Monte region is D.
patagonum, and their meat is preferred over L. eu-
ropaeus because of its larger size (Vilela et al. 2009;
Campos et al. 2021). Other species, such as C. wag-
neri, L. maximus, M. gouazoubira, Myrmecophaga
tridactyla, P. tajacu, D. salinicola, T. terrestris, T. pecari,
and L. europaeus, usually are considered a source of
protein in the Chaco and Yungas regions (Arenas
2003; Altrichter 2005, 2006; Martinez 2013; Camino
et al. 2016, 2018; Camino & Torres 2019; Wajner et al.
2019)). Also, the diversity of armadillos of the Monte
and humid and dry Chaco regions are highly valued
as food (Arenas 2003; Altrichter 2006; Camino et al.
2018; Campos et al. 2021). On the other hand, the
exotic mammal S. scrofa is commonly consumed and
associated with informal commerce in northeastern
Patagonia (Winter 2020).

Mammals are known for their ancestral uses, such
as the case of L. guanicoe meat, which has been part
of the human diet since the Pleistocene (Vila 2014;
Moscardi et al. 2020). Although their hunting is pro-
hibited in the province of San Juan, they are still used
for consumption (Campos et al. 2007; Hernandez et
al. 2015; Campos et al. 2021). Vicugna vicugna has
been hunted by the Incas civilization (Vila 2006) and
is now used as food in different areas of the Puna
and Altos Andes regions (Campos et al. 2007; Vila
2014).

Often, the management of these animals is based
on different techniques of subsistence hunting in
the natural environment. However, in the case of
Hydrochoerus hydrochaeris and Myocastor coypus, in
addition to their local consumption, their meat can
come from breeding sites and be commercialized
in exclusive restaurants or from the wild (Taylor &
Dunstone 1996). Another case is the opportunistic
consumption of Puma concolor, where people can
eat their meat but it is the consequence of killing
conflictive individuals (Camino et al. 2018).

Materials, companionship and labor

Camelid textiles are the most relevant because they
have one of the finest fibers in the animal kingdom
being its fur used for these purposes (Campos et
al. 2007; McGregor 2014; Vila 2014; Hernandez et al.
2015). In the beginning, humans hunted V. vicugna to
take their fiber; however, these practices changed by



14 Mastozoologia Neotropical, 29(2):e0681, Mendoza, 2022
http://www.sarem.org.ar — http://www.sbmz.org

ALONSO ROLDAN ET AL.

a wild management technique known as “chaku”
(see Vila et al. 2010). In the case of L. guanicoe,
it was included in Appendix II of CITES in 1978
due to its excessive use and is currently carried out
live shearing for the exploitation of its fiber by the
local population in the Monte and Patagonia regions
(Montes et al. 2006; Carmanchahi et al. 2011, 2014).

Other important aspects are related to use of
leather, principally of rodents. The fur of H. hy-
drochaeris can be used to manufacture clothes,
purses, bags, and shoes, among other objects of
excellent quality (Moreira 2013). Argentina is one of
the few countries that commercializes these items
for local use and exports them to other countries
(Secretaria de Agricultura y Pesca 2018). The use
of M. coypus also dates back to the time when
Guaranies, among other indigenous peoples hunted
them to make clothes (Bolkovic 2006). In the XX cen-
tury, millions of pieces of its leather were exported
annually (B6 1999) and nowadays, it has become our
country’s leading wild fauna resource (Bertonatti
& Corcuera 2000). In the Monte ecoregion, some
species, such as L. gymnocercus, Conepatus chinga,
and Leopardus geoffroyi, were heavily hunted in the
past for the monetary value of their skins (Campos
etal. 2021). The leather strips of D. patagonum and M.
tridactyla were used in the Monte and Chaco ecore-
gions as thread for sewing cowhide or for making
ropes, respectively (Camino et al. 2018; Campos et
al. 2021).

Concerning companionship uses, some interac-
tions are documented for D. patagonum used as
a mascot by rural people in the Monte ecoregion
(Campos et al. 2021). In the Central Andes, a complex
mosaic of landscapes and humans, the llama (L.
glama) caravans historically used for transportation
allow the exchange of resources from different alti-
tudes (Vild & Arzamendia 2020).

Medicinal, biochemical and genetic
resources

The saliva of D. rotundus contains an anticoagulant
compound, a protein involved in the dissolution
of blood clots. This compound is used in medicine
to treat strokes since, unlike other treatments or
alternatives, it can be used long after the stroke
has occurred and is still effective (Schleuning 2001;
Reddrop et al. 2005). In Argentina, there is still no
information on the medicinal use of this compound.
This species is considered of sanitary importance
since it can transmit paralytic rabies to the livestock
it feeds, causing economic losses (Delpietro & Russo
2011). Although rabies can be associated with a

negative aspect of profit, the increase in cases and
its close association with livestock is a consequence
of the overexploitation activities of the natural envi-
ronments of this species by humans (Argoitia, Pers.
Com.).

Some records mention the healing properties of
some parts of mammalian bodies, like the dry leg
of L. guanicoe and V. vicugna, used in the provinces
of Chaco and San Juan for respiratory diseases or
muscular paralysis (Hernandez et al. 2015; Manzano-
Garcia et al. 2019). Some of these animals also have
a gallstone called “bezoar stone”, which has cura-
tive properties against heart and stomach problems
(Hernandez et al. 2015).

Between 5 and 10% of the indigenous QOM of the
limit between the Chaco Himedo and Chaco Seco
regions uses meat and viscera from M. gouazoubira
to prepare an infusion or decoction beverage to treat
blood disorders (purifier, Martinez 2013). The fat
of H. hydrochaeris, M. tridactyla, and armadillos is
extensively used for various medicinal purposes in
some regions (principally in Chaco) and can be used
to produce oil (Taylor & Dunstone 1996; Arenas 2003;
Martinez 2013; Camino et al. 2018). In addition, the
fat of P. concolor is used as medicine in the form
of cream for the throat and bruises (Martinez 2013;
Camino et al. 2018).

3. Non-materials
Physical and psychological experiences

Landscapes, seascapes, habitats, or organisms pro-
vide opportunities for physically and psychologi-
cally beneficial activities (Diaz et al. 2018). Through
tourism, hiking, artistic initiatives, recreational hunt-
ing and fishing, scuba diving, and other activities,
people can have close contact with nature and access
to recreation, relaxation, and healing, among other
benefits (Diaz et al. 2018).

According to the particular knowledge system
of the community, people value species by their
beauty, utility, rarity, and particular physical and
behavioral characteristics. Visual attractiveness also
strongly influences the opinion of people on whether
a species should be protected or not (Kellert 1993).
People prefer large species with symbolic value
and widespread popular appeal (“loveable animals”,
“charismatic megafauna”, “flagship species”). Thus,
mammals, birds, and fishes are privileged species
because they are more socially accepted than reptiles,
amphibians, and invertebrates (Czech et al. 2001;
Clucas et al. 2008; Leader-Williams & Dublin 2010).
Children and adults like animals, especially large
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mammals, that are similar to humans in appearance
and behavior, with considerable intelligence and
the hability for social bonds, capable of making eye
contact, communicating through sound, learning,
and exhibiting behaviors that attract attention and
are often fun to watch (Borgi & Cirulli 2016).

A clear example of charismatic animals is ma-
rine mammals. Whales, dolphins, elephant seals,
and sea lions are highly valued by humans for
their beauty, pleasure, entertainment, or just their
existence (Martinetto et al. 2020). Southern right
whales use the Patagonian shelf marine ecosystem
seasonally to mate, give birth, and nurse their calves
(Bastida & Rodriguez 2010). The first whales arrive
in the area each year in late fall and stay throughout
winter and spring, with the highest number of indi-
viduals recorded in August-September (Crespo et al.
2019). The peak in the number of whales coincides
with the highest number of tourists arriving in
Puerto Piramides. The dolphins (Delphinus delphis
and Lagenorhynchus obscurus), with their exception-
ally high degree of sociality and acrobatic aerial
displays, are very attractive species, and dolphin
watching is a fascinating experience for most visitors
(Degrati et al. 2008; Vicente 2018). Tourism based on
dolphins and whale watching proved an aesthetic
pleasure based on the generation of a noticeable
emotional response due to the close contact with
nature (Barney et al. 2005; Liick 2015; Vicente 2018).

Other species, such as Southern elephant seals (M.
leonina), breed in coastal areas and travel more than
400 km to feed on fish and squids along the shelf
break, and the adjacent deep ocean (Campagna et
al. 2006; Bastida & Rodriguez 2010). They maintain
their reproductive areas on the coasts (Lewis &
Campagna 2008; Bastida & Rodriguez 2010; Le Boeuf
& Campagna 2013). During the breeding season,
adults predictably come ashore and aggregate in
harems where they are easily observed. The fights
between males for hierarchical dominance, mating,
births, and nursing pups are one of the main attrac-
tions of ecotourism (Gonzalez et al. 2019). Similarly,
the South American sea lion (Otaria flavescens) has
colonial habits with predictable annual attendance
patterns at sites that provide a viewing spectacle
(Kirkwood et al. 2003).

Tourism and activities to observe and interact
with large terrestrial mammals are also present in
terrestrial systems. In the Monte and Patagonia
ecoregions, the guanacos (L. guanicoe) are valued for
their aesthetic beauty (Campos et al. 2021), and peo-
ple enjoy finding them free in the wild. The guanaco
could be an excellent example of umbrella species: a

charismatic animal with a large home range whose
protection confers the same to other co-occurring
species (Roberge & Angelstam 2004). The protection
of this ungulate ensures trophic chains due to its role
as prey (Bank et al. 2002; Donadio et al. 2010) and
seed disperser (Campos et al. 2008, 2021). Esteros
del Iber4, in Corrientes, has ecotourism activities
based on wildlife observation, mainly marsh deer
(Blastocerus dichotomus; Zamboni et al. 2017).

The contribution of a particular wildlife species
to human well-being is perceived as beneficial or
detrimental depending on cultural, socioeconomic,
temporal, or spatial context (Diaz et al. 2018). In ex-
treme terms, some people live far from wild species
and attribute them high aesthetic values. Such people
might have a high degree of freedom of choice
concerning wildlife, and their commitment to species
conservation may be high. Conversely, some people
living amongst wild species sometimes lack the ne-
cessities of life and often compete with wildlife over
limited resources, which may threaten their lives and
livelihoods. In addition, such people usually lack the
choice to share their time with wildlife, to which they
may be overtly hostile. Hence, the conservation of
wild species may be a low priority relative to the sur-
vival of family members (Leader-Williams & Dublin
2010). Rural people recognize some carnivores (such
as foxes and cougars) as beneficial for controlling
other species or as seed dispersers. However, these
same species are also considered harmful because
they attack domestic animals and cause significant
economic losses (Wajner et al. 2019; Campos et al.
2021). In the Chaco Seco and Monte ecoregions,
cougars are heavily hunted by small-scale farmers
because the species prey on their cattle (Camino et
al. 2018), while in other regions, local inhabitants
report “happiness” when they find the species in
the wild. Jaguars (Panthera onca) were also hunted
by local Chaco Seco inhabitants, and the species is
currently critically endangered (Quiroga et al. 2013;
Paviolo et al. 2019). However, the same species is a
flagship for conservation campaigns in urban areas,
and tours are available to see the species in the wild
(e.g., https//'www.pantanaljaguarsafaris.com/).

Bats also suffer polarizing social values. Eastern
culture has a rich array of sociocultural representa-
tions of bats (Low et al. 2021). However, in western
culture with a Christian tradition, these nocturnal
animals with elusive habits have often been asso-
ciated with devils and witchcraft (Lunney & Moon
2011; Tuttle 2017) and vampires (Prokop et al. 2009;
Rydell et al. 2018). Furthermore, the contemporary
messaging in today’s hyper-connected world that
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portrays bats as disease carriers (Tuttle 2017; Lopez-
Baucells et al. 2018) is conferring a negative value to
bats as it is evident in the most recent scapegoating
of bats amidst the COVID-19 pandemic (Rocha et al.
2020; Sills & Zhao 2020). An excellent example of this
complex cultural assessment is the representations
of the indigenous people in Mexico, who had an
attitude of conservation towards bats because they
were idolized, and at the same time, feared. Then,
the arrival of European culture and the introduction
of cattle led to the growth of vampire populations
due to the large food availability; thus, the neg-
ative interactions between vampires and people
increased. Since then, a predominantly negative
assessment was established, fueled by stories like
Dracula, which spread to bats in general (Retana-
Guiascon & Navarijo-Ornelas 2012; Navarro Noriega
2015; Castilla et al. 2020).

Learning and inspiration

Biodiversity also provides opportunities for the ca-
pabilities development that allow humans to prosper
through education, the acquisition of knowledge,
and the development of skills for well-being, infor-
mation, and inspiration for art and technological
design (Diaz et al. 2018).

Southern right whales and their body parts (e.g.,
skeletons, baleens, and cyamids) are used for educa-
tional purposes in museums, schools, and exhibitions
or depicted in visual media, such as nature documen-
taries, where these whales are used as ambassador
species to frame larger narratives about the value
of science, nature, conservation, and management
(Forestell 2009; Heyning & Mead 2009; Riisager-
Simonsen et al. 2020).

Dolphin tours and viewing of elephant seals
and sea lions inspire educational and conservation
opportunities (Campagna et al. 2007; Le Boeuf &
Campagna 2013; Gonzalez et al. 2019; Martinetto
et al. 2020). Students and the general public can
improve their knowledge of the marine environment,
marine species threats, and human contribution
to conservation (Riisager-Simonsen et al. 2020). In
addition, responses to stranding and fisheries disen-
tanglement promote stewardship and concern for
the marine environment at large (Powell & Ham
2008; Roman et al. 2014; Vicente 2018). Another
species is the Chacoan peccary (C. wagneri), chosen
in the Chaco Seco as the focus of environmental
education activities directed to native forest conser-
vation (https/www.proyectoquimilero.com.ar). In
addition, carnivore species are generally perceived
as charismatic and therefore have the potential to

serve as flagship species. Flagship species are se-
lected to raise public awareness, action, and funding
(Leader-Williams & Dublin 2010). Thus, carnivores
can increase economic benefits by promoting eco-
tourism, generating revenue from direct observation
of species, or advertising campaigns to encourage
people to visit areas where these species occur
(Caruso & Pérez 2013). They are valuable tools for
promoting public awareness regarding the impor-
tance of conserving natural resources and the role of
carnivores in ecosystems (Soler et al. 2015; Gorosabel
et al. 2020). In Argentina, the jaguar (P. onca) is
used as a flagship for conservation campaigns (e.g.,
https;/twitter.com/greenpeacearg/status/109352964
3267878913) and even to promote consumables (e.g.,
https:/economis.com.ar/la-multi-danone-villavice
ncio-realmente-quiere-ayudar-al-yaguarete-o-so
lo-busca-vender-mas-botellas-de-agua-mineral/);
and educational and raising awareness activities
(e.g. https:/www.proyectoyaguarete.com.ar,
https:/youtu.be/TCSvpeZpNxU, https:/www.fac
ebook.com/proyaguarete/posts/708081752624589/).

The importance of animals is evident in cultural
and artistic manifestations. For example, cave paint-
ings depicting animal figures show them as symbols
capable of transmitting cultural meanings both to
those who drew them and who came long after
(Spears et al. 1996). An example of this could be the
representations of native ungulates in rock paintings
in our country (Recalde & Pastor 2011; Manzano-
Garcia et al. 2019).

Supporting identities

Extremely close connections have existed between
humans and animals throughout history. Certain
societies have particular animal species related to
shamanic, spiritual, and healing practices, associat-
ing them with the order of the universe (Viveiros
De Castro 2013; Medrano 2014). For example, it was
a widespread perception among Neotropical indige-
nous cultures that the jaguar has a larger existence
than the one conceived by Western science (Viveiros
De Castro 2013). Nevertheless, the indigenous Wichi
people from the Chaco Seco believe that this species
has a soul and a will (Camino et al. 2016, 2018). In
this cosmovision, the jaguar has more elements and
dimensions of existence than the material dimension,
it differs from other wildlife species, and provides
shamanic, spiritual, and identity support (Camino et
al. 2016, 2018). The close relationship between Wichi
people of the Argentine Chaco Seco is also described
in areas where the species may have disappeared
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from the perspective of Western society (Camino et
al. 2016).

As we can see, relationships with animals go
beyond simple utilitarian considerations, and there
have been supernatural solid relationships between
the worlds of humans and animals since remote
times (Alves et al. 2012). All human cultures, with
their particular cosmovision, show a close integra-
tion and connection with animals (Alves et al. 2012).
One of the oldest human activities that relate humans
to animals is hunting (Alves et al. 2012). Hunting
has practical reasons, such as meat or medicine
provision, and is a practice used by humans to
defend themselves against large predators (Camino
et al. 2018). Nevertheless, hunting represents an
enduring relationship of dependence that has often
contributed to the formation of affective bonds and
cultural practices associated with certain animals
(Alves et al. 2012). The southern elephant seal, for
example, is related to the historical “sealing” industry
that developed into unchartered territories in the
southern latitudes of the world during the 19 and
20" centuries (De Bruyn et al. 2016). Today, it is
portrayed in different media content and symbols
(such as shields and logos) as an emblematic repre-
sentation of nature heritage and conservation. The
southern right whale is also an emblematic species
of Peninsula Valdés (Unesco World Heritage Site
since 1999), it has been declared a National Natural
Monument and has recently been included in na-
tional banknotes.

Often, hunting implies rituals and meetings of
certain members of society. For example, in northern
Formosa, in the Chaco Seco region, an indigenous
Wichi community described a ritual involved in hunt-
ing the white-lipped peccary (T. peccary; Camino,
Pers. Com.). This ritual is part of the identity of these
communities, although it may have disappeared
because of the species’ conservation status (EN; De
Bustos et al. 2019) and the cultural loss we face associ-
ated with deforestation and habitat loss. In addition,
other cultural practices associated with the large
terrestrial mammal hunting by indigenous Wichi
people, such as asking shamans for permission, may
also be disappearing (Camino et al. 2016).

Historically, wild and domestic camelids have
been used by Andean human groups since the ear-
liest inhabitants of the Americas over 11 000 years
ago (Yacobaccio 2009). While the wild species, gua-
nacos and vicufias (V. vicugna) are Salqa (“natural”,
“untamed”) in the indigenous and local knowledge
taxonomic system, and protected by the Malkus
or mountain deities, the domestic species llama

(L. glama) and alpaca (V. pacos) are Uywa (Vila &
Arzamendia 2020). From a biocultural perspective,
the wild vicufias “chakus” (the capture of vicufias
for shearing their ultrafine fibers and culling some
individuals) and llama caravans involve different
relational values and roles within diverse world-
views, including the scientific, indigenous, and local
knowledge systems (Vila & Arzamendia 2020).

Based on archaeological data present in Argentina,
human populations have valued the guanaco since
the late Pleistocene and throughout the Holocene
(Mengoni Gonalons 1999; Izeta et al. 2007). In pre-
historic Patagonian life, the important role of the
guanaco in the Selk’nam culture is expressed in mul-
tiple ways. For example, they had more than eleven
terms to describe guanaco diversity. In addition, the
Selk’nam identified sacred areas were hunting the
guanaco was taboo to allow the species to breed
freely, and they also maintained several religious
and spiritual connections with the animals (Gusinde
1982; Vilad & Arzamendia 2020).

Some species support rural identities, such as D.
patagonum, which is known as “liebre criolla” in
the Monte ecoregion. This term is used in contrast
to that of the “liebre europea” (L. europaeus) and
denotes the attribute of “criolla”, used by local rural
people to identify themselves (Campos et al. 2021).
In the Yungas ecoregion, the bat colony (Tadarida
brasiliensis) at Escaba dam is highly valued by the
local people related to identity and a sense of belong-
ing (Castilla et al. 2020).

4. Maintenance of options

Marine mammals and biogeochemical cycles are
associated with marine fronts where primary produc-
tion is high. Marine mammals such as southern ele-
phant seals are important integrants of biodiversity,
particularly on marine fronts, such as the shelf break
front in the Argentine Sea. This and other marine
mammals make up the genetic pool of the ecosys-
tem, increasing biodiversity, and so the chances of
adapting to environmental change (Martinetto et
al. 2020). The biodiversity that supports the genetic
pool and option value is coupled with the primary
production of marine fronts through trophic inter-
actions (Martinetto et al. 2020). In this way, marine
mammals contribute to the capacity of the ecosystem
to support a good quality of life in the present and
in the future, keeping options open for yet unknown
discoveries and unexpected uses of particular organ-
isms or ecosystems that already exist and others
that can be foreseen from ongoing biological evolu-
tion (Diaz et al. 2018). This contribution is tightly
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related to regulation contributions to maintain the
ecosystem healthy and support other contributions.
Thus, besides the example of marine mammals, all
the other species we mentioned earlier participating
in diverse contributions also maintain options for
human well-being.

DISCUSSION

While our work is not an extensive review of MCP-
Arg, and its scope is biased towards a sample of
researchers attending Argentine mammalogy meet-
ings, it is the first work that provides a baseline of
knowledge on MCP-Arg and identifies information
gaps that will contribute to future research on this
topic. Mammals in Argentina contribute to human
well-being in at least 12 of the 18 types of NCP de-
scribed by IPBES. According to our results, mammals
provide regulatory contributions in all Argentine
ecoregions, mainly related to habitat maintenance
and seed dispersal. They also contribute with mate-
rials such as meat, fiber or fur, and medicine, and
the human relationship with mammals provides op-
portunities for recreation, learning, and inspiration,
and constitutes elements of cultural identity. In this
sense, it is relevant to highlight the relational value
of mammals over their instrumental value, since
they are much more than a resource or a part of
nature serving humanity, in accordance with the
CNP approach (Diaz et al. 2018).

Even though we detect numerous MCP-Arg, we
deduce them from studies mainly focused on eco-
logical processes and conservation. In our analysis
of keywords, titles, and abstracts of the referenced
literature were notoriously absent or rare terms such
as “ecosystem services”, commonly used referring
to nature and people relationship in the last 20
years, showing a gap of information in descriptions,
quantification, and mapping of MCP-Arg. These gaps
are especially notorious in the Altos Andes and
Patagonia ecoregions (Fig. 3). However, contributing
experts for Patagonia are more than average (9 vs
7.05), and a book on ecosystem services in Patagonia
has recently been published with several case studies
(Peri et al. 2021b). So, at least in the case of Patagonia,
but it could be generalized, the information gap
would be precisely in MCP. The same situation is
reflected in the review by Lacher et al. (2019), where
much information is compiled on the ecological func-
tions of mammals but highlights the lack of specific
studies demonstrating their effects on human well-
being through NCP or Ecosystem services. A similar
gap is reported in reviews for other taxa (Nichols
et al. 2008; Cortes-Gémez et al. 2014; Gorosabel et

al. 2020; Michel et al. 2020; Rodrigues et al. 2020).
Linking the ecological processes underpinned by
the different components of biodiversity to NCP
and their effect on human well-being is fundamen-
tal to sustainable ecosystem management and the
design of trajectories to desirable futures (Fu et
al. 2013). Starting from MCP-Arg baselines and re-
views on ecological functions, specialists in different
taxa could contribute to multidisciplinary social-
ecological studies designed to unpack the role of
the components of biodiversity underpinning NCP
and human well-being. In this sense, we propose
a research agenda based on the IPBES conceptual
framework and some hypotheses that can be tested
in future social-ecological studies (Table 2), since
our results are insufficient to support statements in
this regard beyond the description of some patterns.
Key research topics on the agenda are: future assess-
ment of potential MCP-Arg to complete the baseline
built in this research, the underlying mechanisms
(i.e., human conditions versus species conditions ver-
sus drivers), and the effects of policy and governance
on MCP mediation to understand differences in type
and amount of MCP among ecoregions, processes
and characterization effects of NCP that enhance
human capital, and how biodiversity and ecosystem
functions become NCP and part of well-being via
the mediation of human assets, governance, and
infrastructure (coproduction process).

Making explicit the material and non-material
NCP directly contributing to human well-being
would help to understand better nature-society re-
lations (Pascual et al. 2017; Mastrangelo et al. 2019).
In this context, the development of scientific re-
search could help considerably in understanding
the diversity of interactions (both past and present)
between human cultures and other animals (Alves
et al. 2012). Currently, although the number of eth-
nozoological and social-ecological studies in Latin
America has increased, it is still low compared to
ethnobotanical studies probably because restrictions
associated with wild animals’ use hampers access
to information (Albuquerque et al. 2013). Therefore,
finding approaches that link species conservation
to cultural concerns will increase the effectiveness
in maintaining and restoring human and ecosystem
health (Garibaldi & Turner 2004).

We also have some suggestions for policy and gov-
ernance (indirect drivers) based on our assessment
of threats to MCP-Arg that illustrate the effect of
direct drivers on Nature and NCP (arrow 2 in Fig,. 1).
The effect of these proposed changes on indirect
drivers over direct drivers and NCP (arrow 6 in Fig. 1)
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should be tested applying adaptive management
frameworks.

First, conservation actions and policies should pre-
serve mammalian diversity rather than the conserva-
tion of key taxa. This is because all taxa contribute in
similar proportions to total contributions (Fig. 4). In
addition, conservation should be framed at the local
community rather than the regional scale, aiming to
preserve ecological function and the contribution to
human well-being. For example, the small L. guanicoe
population (< 0.4 individuals/km?) occurring at the
hyper-arid extreme of the Monte Desert may be
exposed to a high risk of local extinction (= 500 indi-
viduals) because of expanding tourism, road impact,
and interference with exotic ungulates (Acebes et al.
2012; Cappa et al. 2019, 2020). The San Juan province
considered it as a vulnerable population (Secretaria
de Estado de Ambiente y Desarrollo Sustentable,
Resolucién No 0656) while, at the country scale, the
species is classified as Least Concern (LC). However,
this national category does not refer to the contribu-
tions to human well-being since if a local population
disappears or is drastically reduced, the local people
will no longer receive contributions of this species
accepted for its tangible benefits and aesthetic value,
which is present in narratives and oral expression
shared within the community (Campos et al. 2021).
Therefore, the valuable information that we have
on the conservation status and threats to mammals
within Argentina needs to be complemented with
local information on population dynamics and per-
ceptions of people to sustain MCP-Arg.

Second, conservation strategies and policies
should also focus on preserving regulatory contri-
butions. Our results showed destructive feedback
between threats and contributions relative to habitat
since the main threat for contributions is habitat
degradation, and the most threatened contribution is
habitat maintenance. Furthermore, this degradation
process could directly affect human subsistence since
the second most threatened contribution is food
and feed. Therefore, the relevance of mammals and
their habitat conservation to human well-being is
clear, highlighting the urgency of adopting the NCP
approach and how they become part of well-being
via the mediation of human assets, governance, and
infrastructure.

Finally, although we focus on one group of or-
ganisms, the policy should be systemic, considering
multiple dimensions and elements of nature and
society, committed to delivering not only conser-
vation outcomes but also well-being outcomes (Diaz
et al. 2018; Peri et al. 2021a). Policies on land use

change and climate change mitigation, direct drivers
threatening most MCP-ARG according to our re-
sults, should be systemically conceived and aimed at
preserving regulation contributions such as habitat
maintenance accounting for heterogeneity at the
landscape scale, and interactions among processes,
actions, and NCP. However, the climate change
mitigation policy in Argentina consists of a sum
of sectoral measures (SGAyDS 2019), that sometimes
come into conflict, such as afforestation with exotic
species for silvicultural exploitation, the generation
of energy based on biofuels or the avoided native
forests deforestation, failing to achieve MCP and
NCP sustainability. Even regulations inspired by
the ecosystem services concept, such as the Ley de
Bosque Nativo (Ley 26331), need to be implemented
through a participative process, including an integral
valuation of the NCP by all social actors. Otherwise,
it may result in altered ecosystems and access re-
strictions to MCP (among other NCP) by vulnerable
actors leading to greater income inequality (Cabrol
& Céseres 2017; Laterra et al. 2019). Therefore, future
research on the information gaps we have identified,
and the inclusion of the NCP perspective could help
to outline a new policy-building process toward
sustainable development.

CONCLUSION

Our research shows that an important amount of
knowledge on MCP-Arg is available through sci-
entific publications, ecologist narratives, and inter-
pretation. Furthermore, our approach allowed us
to identify differences in the type of contributions
by ecoregion, e.g., material contributions are mainly
found in the northeastern and Puna ecoregion, which
allows us to guide future studies attempting to an-
swer whether this is due to the traits of the mammal
species involved, cultural issues or both. However,
we found gaps in information in the descriptions,
quantification, and mapping of MCP-Arg. Future
studies should take the MCP as the main focus of
study, applying research designs that allow contri-
butions to be identified and measuring their effect
on human well-being. This information gap has
repercussions on conservation efforts and threat
assessments mainly focused on taxa rather than
their contributions, especially in local contexts. By
framing (or reframing) mammalian research on the
NCP approach, we can make sound contributions to
conservation and human well-being.
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