
Contents lists available at ScienceDirect

Ecological Indicators

journal homepage: www.elsevier.com/locate/ecolind

Review

Ecosystem services provided by wildlife in the Pampas region, Argentina
Gorosábel Antonellaa,⁎, Bernad Lucíab, Pedrana Julietaa
a Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET), Grupo de Recursos Naturales y Gestión Ambiental, Instituto Nacional de Tecnología Agropecuaria
(INTA), Estación Experimental Agropecuaria (EEA) Balcarce, Ruta 226 km 73.5 (7620), Balcarce, Argentina
bGrupo de Recursos Naturales y Gestión Ambiental, INTA EEA Balcarce, Ruta 226 km 73.5 (7620), Balcarce, Argentina

A R T I C L E I N F O

Keywords:
Agroecosystems
Benefits
Conflicts
Human-wildlife coexistence
Birds
Mammals

A B S T R A C T

The expansion and intensification of human activities in the Argentinean Pampas have affected birds and
mammals that inhabit the agroecosystems, threatening their populations and aggravating their conflicts with
humans. On the other hand, they play different roles in the provision of Ecosystem Services (ES). Therefore,
identifying and understanding the relationships between species and humans, and the delivery of ES is crucial for
sustainable management of the environment. The objectives of this study were to identify ecological functions of
birds and mammals and its conflicts with human activities reported by previous articles in the Pampas region;
and to link these ecological functions as indicators of the potential ES provided by these species. We performed
two systematic and structured searches of articles using Scopus bibliographic database, one for the ecological
functions and the second one for conflicts. From the first search, we found 145 studies and 34% of them reported
ecological functions, 78% were about birds and the rest about mammals. The Regulation and Maintenance ES
were the most reported type and involved the provision of nutrients and pest control, with birds of prey and
carnivorous mammals as the most mentioned groups. Provisioning ES were related to the provision of leather
from legal hunting and genetic material, and Cultural ES were associated to species conservation. From the
conflict search, we found 23 studies that mentioned negative interactions in the Pampas region, mostly with
birds and associated to agricultural production damages. Many species mentioned as important ES providers, are
also involved in conflicts, causing some discomfort to people. Therefore, the integration of wildlife, with its
benefits and damages, could be a powerful argument to achieve the coexistence of wildlife into a landscape
shaped by anthropogenic activities.

1. Introduction

Natural ecosystems have been increasingly threatened by anthropogenic
factors (urbanization, mining, deforestation, chemical and light pollution,
introduction of exotic species) all around the world (Borges et al., 2019). In
particular, the expansion and intensification of agricultural activities have
reduced wildlife natural habitats (Foley et al., 2005). Many of these species
are been persecuted and killed by ranchers claiming them as “agricultural
pests” (Abba et al., 2009; Pedrana et al., 2014, 2015; Soler et al., 2004) and
others suffered from indirect effects of agricultural practices, such as poi-
soning or the loss and/or fragmentation of their habitats (Bilenca et al.,
2012; Ogada, 2014; Ripple et al., 2015).

Wildlife species are an essential part of an ecosystem, playing dif-
ferent roles in the provision of Ecosystem Services (ES), defined as the
benefits that humanity can obtain from a natural process of the eco-
system (Balvanera et al., 2006; Díaz et al., 2005; Green and Elmberg,
2014; Whelan et al., 2008). Consequently, the anthropogenic changes

in the quality and availability of natural habitats are threatening these
benefits (MEA, 2005).

There is an extensive bibliography that recognizes a great amount of
ES provided by birds and mammals (Clark et al., 2016; Gaston et al.,
2018; Lacher et al., 2019; Whelan et al., 2008). These groups comprise
a great diversity of species with very different habitat behaviors and
requirements, fulfilling important roles in the ecosystems (Davidson
et al., 2012; Green and Elmberg, 2014; Sarasola et al., 2016; Whelan
et al., 2008; Williams et al., 2018). These groups of animals are related
to the three types of ES defined by the Common International Classi-
fication of Ecosystem Services (CICES): Provisioning; Regulation and
Maintenance; and Cultural (Haines-Young and Potschin, 2013).

As Provisioning ES, birds and mammals are harvested for human con-
sumption and subjected to sport and subsistence hunting. In addition, their
feathers and leather are used for clothing and accessories (Buij et al., 2017;
Green and Elmberg, 2014). Many studies highlight the role of birds and
mammals in Regulation and Maintenance ES. For example, frugivorous and
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nectarivorous bat and lemur species regulate forest floral diversity through
their role as seed dispersers and pollinators (Dew and Wright, 1998). Also,
large aggregations of birds contribute to the input and nutrient flow of an
ecosystem (Whelan et al., 2008), and many insectivorous and carnivorous
animals (raptors, bats and carnivorous mammals) predate on detrimental
special for local agriculture and livestock (Dew and Wright, 1998; Donázar
et al., 2016). Finally, burrowing mammals help water filtrarion and soil
mixing by building their dens (Davidson et al., 2012) and increase the or-
ganic and inorganic nutrients available in the soil, providing a better quality
fodder for cattle (Villarreal et al., 2008). Lastly, birds and mammals can
provide Cultural ES, by being a source of inspiration for photography and
art, spiritual and cultural heritage. Also their presence encourages en-
vironmental education and eco-tourism (Dew and Wright, 1998; Green and
Elmberg, 2014).

A large proportion of the Earth’s terrestrial surface is influenced by
agriculture; therefore, its contribution to biodiversity is critical in long-
term conservation of wildlife populations (Batáry et al., 2011; Tallis
et al., 2009). In general, agroecosystems are managed to optimize
provisioning ES, such as food, fiber and fuel. However, these benefits
depend upon regulating ES, which are threatened by human activities
(Foley et al., 2005; MEA, 2005; Rey Benayas and Bullock, 2012). Well-
managed agricultural landscapes comprehend all types of services
(MEA, 2005; Müller et al., 2019) and the interaction with natural areas
is of great importance to achieve food security and maintain environ-
mental integrity and resilience (Poppy et al., 2014).

Considering the huge impact that birds and mammals have on the
human well-being, it is important to recognize the ES provided by these
groups in agroecosystems. For this, it is useful to recognize key “eco-
system services providers”. Understanding their ecology, how animals
select their resources (food and habitat) and their responses to en-
vironmental changes, could help to identify the ES provided by them,
which are of importance for agricultural production and environmental
integrity (Zaccagnini et al., 2011). On the other hand, it is important to
take into account the negative interactions between them and people as

well, because conflicts are one of the main threats that species are fa-
cing nowadays (Dickman, 2010). Therefore, having a clear identifica-
tion and understanding of these relationships is crucial for the sus-
tainable management of the environment (Birkhofer et al., 2018).

The Pampas region in Argentina is a temperate grassland ecosystem
and one of the richest agricultural areas of the world for grain and beef
production (Baldi et al., 2006; Bilenca and Miñarro, 2004; Soriano
et al., 1991). Several areas of the original grasslands were replaced by
sown pastures for livestock and croplands, with a particular expansion
of soybean within the last decades (Aizen et al., 2009; Grau et al.,
2005). This reduction of natural habitats has increased the overlapping
between species of birds and mammals and the anthropogenic activ-
ities, threatening wildlife populations (Azpiroz et al., 2012; Codesido
et al., 2011). Consequently, these changes have negatively affected the
potential ES that these species could provide, even before they are
identified and valued. Therefore, it is important to identify the different
ES provided by birds and mammals and their conflicts to help achieve
an integration between conservation and agriculture production.

The aim of this study was to identify which species are key “eco-
system services providers” of the Pampas region and highlight their
potential ES provided by them. The specific objectives were: 1) to
identify ecological functions of birds and mammals and their conflicts
with human-activities in the Pampas region reported by previous arti-
cles; and 2) to link these ecological functions with potential ES provided
by these species.

2. Methodology

2.1. Study area

The Pampas region is located in the central east of Argentina and
comprises 398966 km2 (including south of Entre Ríos, Córdoba and Santa
Fe, north of La Pampa and almost the entire Buenos Aires province)
(Soriano et al., 1991) (Fig. 1a). This region is divided into six ecological sub-

Fig. 1. Study area. A) Argentina with the province division (white) and the Pampas region (black); B) Pampas region and its ecological sub-regions.

A. Gorosábel, et al. Ecological Indicators 117 (2020) 106576

2



regions according to precipitations and soil quality: Rolling Pampas, Me-
sopotamian Pampas, Inner Pampas, Central Pampas, Flooding Pampas and
Southern Pampas (Fig. 1b) (Soriano et al., 1991). The average annual
temperature of the region is between 14 and 20 °C and precipitations vary
between 700 and 1200 mm, decreasing from northeast to southwest
(Matteucci, 2012). The landscape is characterized by low to moderate un-
dulations, which includes mountain systems, lakes and marshes and most of
the original grassland has been replaced by cereal crops and pastures (Aizen
et al., 2009; Grau et al., 2005).

2.2. Literature search

2.2.1. Ecological functions and ecosystem services
We performed a systematic and structured search of articles using

Scopus bibliographic database on 21 March 2017, to identify ecological
functions of birds and mammals in the Pampas region. Three searches
were carried out, one for each type of ES (Provisioning, Regulation and
Maintenance and Cultural). These had no restrictions on the year of
publication and were done using different combinations of terms based
on CICES (Haines-Young and Potschin, 2013). The searches were done
with the following terms. For the Provisioning ES: [((argen*) and
(pampa*) and (mamma* or bird*) and (service* or use* or provision* or
game* or meat* or skin* or leather* or hunt* or bone* or fertiliz* or
rear* or product* or fiber* or ornamen* or fodder* or biochemic* or
indust* or medi* or gen*))]. For the Regulation and Maintenance ES:
[(argen*) and (pampa*) and (mamma* or bird*) and (service* or habit*
or ecolog* or use* or diet* or regul* or nutrient* or fertil* or poliniz* or
dispersal* or control* or pest* or disease* or seed* or soil* or
trophic*))]. Finally, for Cultural ES: [((argen*) and (pampa*) and
(mamma* or bird*) and (watching* or ecoturism* or tourism* or hunt*
or research* or heritage* or cultural* or aesthetic* or symbols* or ri-
tual* or spiritual* or entertain* or conserv* or ethical* or moral*))].

We obtained a total of 405 studies (169 for Provisioning, 164 for
Regulation and Maintenance, and 72 for Cultural ES). All studies found
were gathered and repeated ones were eliminated. After we examined
the title and abstract of each one, we identified 101 studies that met the
criteria for our analysis. We believed that the literature search re-
presents correctly the knowledge of ES provided by birds and mammals
in the Pampas region, but we were aware that relevant articles were
omitted. Therefore, for further exploration and completion, we in-
cluded 44 mores studies checking the cited literature and including
local journals that did not appear in Scopus bibliographic database.

2.2.2. Conflicts
Two systematic and structured searches were done, using Scopus

bibliographic database on 1 May 2019 in order to find all published

articles that mention conflicts between birds and/or mammals and
human activities in the Pampas region. The searches had the following
terms: [((argen* or pampa*) and (farm* or crop* or agro* or pasture*
or grass* or graz* or agri* or wetland* or livestock* or ecosystem*) and
(wildlife* or fauna* or bio* or diversity* or mammal* or bird*) and
(damage* or conflict))] for the first one, and [((argen* or pampa*) and
(agroecosystem* or agricult*) and (wildlife* or fauna* or diversiy* or
biodiversity* or mammal* or bird*) and (damage* or conflict))] for the
second one. Within the two searches, 303 articles were included, all of
them gathered and eliminated in case they were repeated. Secondly, the
traditional screening method was performed (consisting of examining
the title and abstract), obtaining 20 studies meeting our criteria to focus
on the negative effects that mammals or/and birds caused to humans
activities or the conflict generated within their well-being in the
Pampas region. Additionally, we included 3 mores studies, checking the
cited literature and including local journals that did not appear in
Scopus bibliographic database.

2.3. Data extraction

The systematic review search for the ecological functions of birds
and mammals in the Pampas region resulted in 145 citations (Appendix
A). Each of these articles was reviewed entirely and a questionnaire was
answered. The questionnaire was made following the classification
made by CICES (Haines-Young and Potschin, 2013) and taking into
consideration the categories that include the ES (Table 1). The ques-
tionnaire also included details on the species identity and the land uses
where the study was conducted. Land uses were grouped into eight
categories: agriculture (A), grazing lands (G), mixed areas (landscapes
with crops and grazing lands, A-G), interface urban–rural (I), forests
(F), wetlands (W), grasslands (GR) and natural reserves (NR). Category
I included the environments surrounding landfills, airports and urban
areas. The NR was considered as a different category, due to the dif-
ferent management practices and protection degree. These details are
important to check, as agricultural activities have a strong influence on
the remaining natural areas (the natural reserves, grasslands and wet-
lands) as they are immersed in the agroecosystem landscape.

The systematic review search for the conflicts of birds and mammals
in the Pampas region resulted in 23 citations (Appendix A). All of them
were reviewed entirely, from which we obtained details on the species
identity, the type of conflict and the land uses where the conflict oc-
curred.

Table 1
Classification of potential Ecosystem Services (ES) provided by species of birds and mammals following the CICES classification (R: Regulation and Maintenance, P:
Provisioning, C: Cultural services) (Haines-Young and Potschin, 2013). Table modified from CICES V4.3 (January 2013).

ES Classes and examples

P Reared animals and their outputs (meat, milk, cheese)
Game including commercial and subsistence hunting for food
Materials for direct use or processing (fibers, skin, bones, medicines, ornamental uses)
Materials for agricultural use (fodder, manure and fertilizer)
Genetic materials for biochemical industrial and pharmaceutical processes and for bio-prospecting activities (wild species used in breeding programs)
Animal-based resources for energy production (dung, fat, oils, cadavers for burning)
Physical labor provided by animals (horses, elephants etc.)

R Lifecycle maintenance, habitat and gene pool protection (pollination, seed dispersal, maintaining nursery populations and habitats)
Pest and disease control
Maintenance of bio-geochemical conditions of soils including fertility, nutrient storage, or soil structure (including biological, chemical, physical conditions)

C Experiential use of animals (birdwatching)
Physical use of animals (leisure hunting)
Intellectual and representative interactions (scientific, educational, cultural heritage, entertainment, aesthetic)
Spiritual and/or emblematic: symbolic (emblematic animals or national symbols) and sacred/religious
Other cultural outputs: existence (enjoyment provided by wild species) and bequest (willingness to preserve animals and their ecosystems for the experience and use of
future generations, moral/ethical perspective or belief)

A. Gorosábel, et al. Ecological Indicators 117 (2020) 106576

3



3. Results and discussion

3.1. Ecological functions provided by birds and mammals in the Pampas
region

From the 145 reviewed studies, only 34% of them reported ecolo-
gical functions of birds or mammals that highlight potential ES pro-
vided by them (Appendix A). Regarding the classification of ES, we
identified Regulation and Maintenance in 38 studies, Cultural in 11 and
Provisioning in only 3 of them (some articles mentioned more than one
ES). Within all articles, 78% were about birds and the rest about
mammals. In our review, we found that ecological functions of wildlife
were performed in a great variety of land uses present in the Pampas
region (Fig. 2).

3.1.1. Regulation and Maintenance ecosystem services
Potential Regulation and Maintenance ES had the highest reported

cases within our study. These ES involved the provision of nutrients and
maintenance of the soil biogeochemical conditions and pest and disease
control by birds and mammals (Table 1). The process of provision of
nutrients and maintenance of the soil biogeochemical conditions was
reported in one study (Josens et al., 2009). This article showed a cor-
relation between waterbirds abundance and the concentration of nu-
trients (phosphorus and nitrogen) in wetlands. This suggests the po-
tential impact of these communities in the contribution of nutrients to
the soil (Josens et al., 2009). Although within this research we did not
find any article of mammals regarding similar contributions, the roles
of burrowing mammals is well-studied in other regions of Argentina
(Arias et al., 2005; Contarde, 2019; Villarreal et al., 2008). Studies done
around the world recognized that burrowing mammals can enhance
plant nitrogen uptake, facilitate water filtration and increase soil or-
ganic matter and inorganic nutrients (Black and Montgomery, 1991;
Davidson et al., 2012). Davidson et al. (2012) mentioned the role of the
Plains Vizcacha (Lagostomus maximus), an endemic herbivore of South
America (Llanos and Crespo, 1952), which is present in the Pampas
region. However, due to eradication campaigns, this species has nearly
disappeared from most of the distributional range (Navarro et al., 1997)
thus, minimizing the potential benefits that they could provide to soil
conditions.

The process of pest and disease control was reported in 37 studies
and all of them involved diet analysis. We found that birds and

mammals are providing Regulation and Maintenance ES as they con-
sume rodents, insects and/or plants considered detrimental on agri-
cultural activities. This means that they directly provide benefits to
people by controlling major vectors of diseases and plagues and sani-
tizing the environment by eating dead animals (Table B.1, Appendix B).
Birds were the most mentioned group in relation to this service (78%)
while mammals appeared in only 22% of the studies. Raptors (69%)
was the most mentioned group of birds, and carnivores (63%) within
mammals. It is worth noting that a great number of rodents, which are
vectors of different diseases, were reported in the diet of raptors and the
Pampas fox (Lycalopex gymnocercus) indicating an active role as pest
controllers. The diet consumption of the Barn Owl (Tyto alba), the Red-
backed Hawk (Buteo polyosoma) and the White-tailed Kite (Elanus leu-
curus) showed a preference for rodents (Bó et al., 2007). Besides, the
Burrowing Owl (Athene cunicularia) predated over Calomys musculinus
(Bellocq, 1987), which has an epidemiological interest, since this ro-
dent was described as a reservoir of the Junin virus causing the Ar-
gentine Hemorrhagic fever (Polop et al., 2003; Sabattini et al., 1977).
Other consumed rodents were the Ratus ratus, Oligoryzomys flavescens
and Akadon azarae that were registered as infected or to have a high
seroprevalence for the Leptospirosis bacteria (Colombo et al., 2018;
Lovera et al., 2017; Ricardo, 2018). In addition, rodents of the genus
Oligoryzomys were hosts of the Hanta virus, which causes the severe
pulmonary syndrome (Andreo et al., 2014; Polop et al., 2003). Other
reported diseases that could be transmitted by rodents are mycosis,
triquinosis (with a secondary infection to humans), chorioomeningitis
(with Mus musculus and Mus domesticus as reservoirs) and infections
caused by Streptobacillus moniliformis and Spirillu minus from the Ratus
ratus bite (Polop et al., 2003).

Several insects which are associated with crop damages were found
in birds and mammals’ diets in the Pampas region (Table B.1, Appendix
B). Different species of the Scarabaeidae family (Cyclocephala signati-
collis, Dibolocelus palpalis, Dyscinetus sp., Philocloenia bonaerensis; Sul-
cophanaeus menela, etc.), locally known as “Gusano blanco”, were in-
cluded in the diet of the Chimango Caracara (Milvago chimango) (Biondi
et al., 2005), the Brown-hooded Gull (Larus maculipennis) (Ghys and
Favero, 2004) and the Spectacled Tyrant (Hymenops perspicillatus)
(Pretelli et al., 2014). These can cause significant reductions in wheat
and sunflower (Abadia et al., 2017; Casuso et al., 2017) which means
that their removal could bring economic benefits (Alvarado, 1983;
Álvarez Castillo et al., 1993; Rizzo, 1997). These birds, as well as the

Fig. 2. Percentage of studies with different land uses in the agroecosystems of the Pampas region used in the literature review of Ecosystem Services (ES) and
conflicts. Agriculture (A), grazing lands (G), mixed areas (A-G), interface rural–urban (I), forests (F), wetlands (W), grasslands (GR) and natural reserves (NR).
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Southern crested Caracara (Caracara plancus), predated on weevils
(family Curculionidae) which affect sunflower (Casuso et al., 2017) and
wheat yield, bringing losses up to 31% (Abadia et al., 2017).

The Noctuidae, commonly known as owlet moths, cutworms or ar-
myworms, are also recognized as agronomic pests (Abadia et al., 2017;
Aragón, 2002; Casuso et al., 2017; Urretabizkaya et al., 2010). In our
literature search, we found that this group of insects was predated by
the Spectacled Tyrant (Pretelli et al., 2014) and the Greater Rhea (Rhea
americana) (Comparatore and Yagueddú, 2007; Comparatore and
Yagueddú, 2016). In addition, the Swainson's Hawk (Buteo swainsoni),
the Chimango Caracara and the Brown-hooded Gull were identified as
predators of grasshoppers (Biondi et al., 2005; Canavelli et al., 2001;
Ghys and Favero, 2004; Goldstein et al., 1999). These insects belong to
the Acrididae family and especially the acridoideos, locally known as
“Tucuras”, have become an agricultural plague. Other birds, such as the
Great Egret (Ardea alba), the Cocoi Heron (Ardea cocoi) and the Pampa
Finch (Embernagra platensis), eat insects as one of the main items in
their diet (Montalti et al., 2005; Pretelli et al., 2012).

Regarding mammals, the Screaming hairy Armadillo
(Chaetophractus vellerosus) and the Southern long-nosed Armadillo
(Dasypus hybridus) have insects as one of the most important prey items
in their diet (Abba et al., 2011; Abba and Cassini, 2010). Also, the most
abundant item in the Molina's hog-nosed Skunk (Conepatus chinga) diet
was the Coleoptera (Castillo et al., 2014). Most of these studies do not
reach species level identification. We believe that identifying which
species of insects and the number of items included in birds and
mammals’ diet might be essential to highlight the role as insects’ con-
trollers. Nowadays, the controls are made with synthetic insecticides
and this entails a strong environmental, social and economic impact.
Therefore, it is essential to adopt other complementary alternatives to
chemical control in agricultural production. The study of targeted
species as biological controllers might help to reduce the use of che-
micals against plagues.

The Chimango Caracara (Biondi et al., 2005) and the Aplomado
Falcon (Falco femoralis) (Baladrón et al., 2012; Bó, 1999) predated on
birds considered pest for crops, such as Psittacidae and Columbidae
families. Examples are the Eared Dove (Zenaida auriculata) (Casuso
et al., 2017) and the Myiopsitta sp. which feed on sunflower grains and
perch in the sunflower capitula, causing the grains to fall (Casuso et al.,
2017). Casuso et al. (2017) reported that almost half of the plants
consumed by the Monk Parakeet (Myiopsitta monachus) belonged to
cultivated seeds, principally corn and sunflower. While the other half
belonged to important weeds, such as Field Bindweed (Convolvulus ar-
vensis) and the Black Medic (Stellaria media) (http://rian.inta.gov.ar/
atlasmalezas). Booman et al. (2009) also found that some species of
rodents (Akodon azarae, Oligoryzomys favlenscens, Calomys sp.) and the
Monodelphys dimidiate eat seeds that are considered weeds. Therefore,
despite the damages these species might cause, they also contribute to
the agroecosystems by removing harmful species. Future studies should
focus on evaluating the cost and benefits of these species to understand
the overall results.

Greater Rhea is an important weed controller, eating vegetal pla-
gues (Comparatore and Yagueddú, 2007; Comparatore and Yagueddú,
2016; Martella et al., 1996), such as the Black Medic, that represents an
important problem in winter crops and pastures, and Wild Oat fruits
(Avena fatua), a weed in wheat and barley crops (Miralles et al., 2014).
The Greater Rhea also eats various species of thistles such as Carduus
acanthoides, Cirsium vulgare, Cynara cardunculus, and of other weeds
such as Solanum sisymbriifolium, Conyza bonariensis and Ryegrass (Lo-
lium sp.) (Comparatore and Yagueddú, 2007; Comparatore and
Yagueddú, 2016; Martella et al., 1996). Currently, Ryegrass is an im-
portant agronomic nuisances because it is resistant to glyphosate
(Gigón et al., 2017; Vila-Aiub et al., 2008).

Scavengers benefit humans in multiple ways. For instance, the re-
moval of animal debris before putrefaction plays an important hygienic
role, as it helps to stabilize food webs, accelerate nutrient recycling and

remove potential sources of infectious disease transmission (Cortés-
Avizanda et al., 2016; Sebastián-González et al., 2019; Whelan et al.,
2008). The Chimango Caracara, the Southern crested Caracara (Biondi
et al., 2005; Montalvo et al., 2011; Vargas et al., 2007), the Pampas Fox
(Canel et al., 2016; Castillo et al., 2011; Farias and Kittlein, 2008;
García and Kittlein, 2005) and the Molina's hog-nosed Skunk (Castillo
et al., 2014) are facultative scavengers in the Pampas region. The car-
rion items found in their diets varied from domestic animals, such as
cows (Bos taurus), sheep (Ovis aries), horses (Equus caballus) and pigs
(Sus scrofa) to fish and birds. Biondi et al. (2005) explained that the
presence of fish in the Chimango Caracara diet belonged to discarded
fish from sport fishing, a very common activity in the area. The role of
scavenger as ES providers are studied around the world (Sebastián-
González et al., 2019). Recently, it was found that human impacts are
the dominant factor shaping the scavenger communities worldwide,
even more important than climate variables (Sebastián-González et al.,
2019). Taking into consideration that the Pampas region has one of the
most rapidly expanding agricultural frontiers (Baeza and Paruelo,
2020), future studies will need to focus on the effects that anthro-
pogenic factors have on the scavengers’ communities, in order to
identify the importance of these animals in agroecosystems.

Some ecological functions were not found in our review, for ex-
ample seed dispersal, although it is recognized to be among the most
important ES provided by birds (Whelan et al., 2008). The Mountain
Lion (Puma concolor), which is widely spread in Argentina, was re-
cognized to have a role in seed dispersal in La Pampa province (Sarasola
et al., 2016). This study highlighted another important role of apex
predators, besides being key elements in food webs and ecosystem
functioning through competition and depredation. Furthermore,
mammals and birds can act as ecosystem engineering providing refuge
for other species (Davidson et al., 2012; Machicote et al., 2004) but we
were unable to find studies of such examples.

3.1.2. Provisioning ecosystem services
Potential Provisioning ES were found in three studies. One study

corresponded to provision of leather from the legal hunting of Pampas
foxes and European Hares (Lepus europaeus) (Giarratano and Kristensen,
2012). We did not consider this activity as a cultural service as CICES
does, since the leather of these animals have an economic value. The
Pampas Fox commercial hunting in Argentina is regulated in each
province, applying provincial law or adhering to the National law of
Protection and Conservation of Fauna (N° 22421). The European Hare
is exotic and the most important game animal in Argentina (Fujita and
Calvo, 1981; Grigera and Rapoport, 1983). Giarratano and Kristensen
(2012) highlighted the unsustainable way in which hunting practices
take place in the Pampas region. Hunting controls are necessary in
order to ensure species conservation and to quantify the profitability of
this activity along the commercial circuit (Loveridge et al., 2006).

The other two studies corresponded to the provision of genetic
material (genetic studies). One was focused on gene flow between
subpopulations of Pampas Deer (Ozotoceros bezoarticus) (González
et al., 1998), while the other one on bio-prospering activities in wild
and captive Greater Rhea populations (Alonso Roldán et al., 2011).

3.1.3. Cultural ecosystem services
We found 11 studies related to Cultural ES provided by birds and

mammals. These articles included the Neotropical Otter (Lontra long-
icaudis) (Guichón and Cassini, 2007), the Pampas Deer (González et al.,
1998), the Pampas Meadowlark (Sturnella defilippii) (Tubaro and
Gabelli, 1999; Zalba et al., 2009), the Greater Rhea (Alonso Roldán
et al., 2011; Bellis et al., 2004; Giordano et al., 2010), migratory
shorebirds (Blanco et al., 2004) and waterbirds (Josens et al., 2009,
2012). All of them were related to species conservation in different
environments, linked with the bequest services or the willingness to
preserve them (Table 1).

All around the world people are interested in watching large
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concentrations of wildlife (Green and Elmberg, 2014). Therefore, spe-
cies that attract people's attention could be used as flagships for the
conservation of a particular environment and/or other species (Bowen-
Jones and Entwistle, 2002), exerting pressure on governments to pro-
tect them. An example in our study area, is the “Campos del Tuyú
National Park” (Buenos Aires province), created in 2009 to conserve the
Pampas Deer (www.parquesnacionales.gob.ar). This deer acted as a
flagship species, not only because it is the only charismatic deer in the
region that lives exclusively in grasslands, but also because it helps
achieve the protection of the environment and other species. This Na-
tional Park is also an important non-reproductive area for migratory
bird population (Blanco et al., 2004)

Regarding large aggregation of animals, birdwatching is another
wildlife-based recreation activity done in the Pampas region. An im-
portant area for birdwatching is “Mar Chiquita Biosphere Natural
Reserve” (Buenos Aires province), which was declared a Man and
Biosphere (MAB) reserve by the United Nations (UN) Education,
Scientific and Cultural Organization (UNESCO) Program in 1996. The
human interest in bird watching is very well-known (Green and
Elmberg, 2014) and in the study area there are several birds watchers
clubs (locally named as COAs- Club de Observadores de Aves) asso-
ciated with different NGOs. These groups organize regular bird ob-
servation sessions and they record their sightings in citizen science
platforms, such as eBIRD.

Other Cultural ES are opportunities for recreation and tourism
(MEA, 2005) but we did not find any study on this matter. Auer et al.
(2018) highlighted that the presence of wild animals, especially birds, is
one of the attributes of the rural landscape that sustains Cultural ES for
recreation and tourism in the southeast of the Pampas region. Natural
areas, such as hills and lagoons, are valued by local people for their
views and natural vegetation, which is associated with more biodi-
versity (Auer et al., 2018). Rural recreation and tourism could be im-
portant economic drivers in this area that would favor biodiversity
conservation (Auer et al., 2018; Buijs et al., 2006; Plieninger et al.,
2013).

Sport hunting is one of the oldest known recreational activity using
wildlife. Some studies have suggested that legal and regulated sport
hunting can benefit the development and economy of local commu-
nities, thereby promoting the protection of wildlife resources as well as
the ecological and economic sustainability (Bowyer et al., 2019; Organ
et al., 2010). Boulé and Mason (2019) showed that to create effective
policy recommendations regarding wildlife hunting, it is important to
include the local hunters’ perspective and situate these discussions
historically. Although it was not mentioned in any study, many species
are under hunting pressure in the Pampas region, such as ducks (like
the Yellow-billed Pintail Anas georgica, and the Yellow-billed Teal Anas
flavirostris), tinamous (like the Spotted Nothura Nothura maculosa and
the Brushland Tinamou Nothoprocta cinerascens), doves and pigeons
(such as the Eared Dove and the Spot-winged Pigeon Patagioenas ma-
culosa).

3.2. Conflicts of birds and mammals in the Pampas region

From the 23 reviewed studies that reported conflicts, the great
majority were about birds (70%) and the rest about mammals, mostly in
agricultural fields (Fig. 2). Within birds, the Monk Parakeet was the
most mentioned species (56%) and it is among the most important pest
species causing damage to crops in the study region (Bruggers et al.,
1998; Calamari et al., 2018; Canavelli et al., 2012, 2013, 2014;
Dardanelli et al., 2016). Other birds such as the Eared Dove, the
Spotted-winged Pigeon and the Picazuro Pigeon (Patagioenas picazuro)
(Bruggers et al., 1998; Calamari et al., 2018; Dardanelli et al., 2016)
were also considered agricultural plagues. Crop damages and con-
sumption were mentioned related to waterbirds such as Dendrocygna sp,
Netta sp, and Chloephaga sp (Bruggers et al., 1998). Particularly for
sheldgeese (Ruddy-headed Goose Chloephaga rubidiceps, Ashy-headed

Goose Chloephaga poliocephala and Upland Goose Chloephaga picta) its
conflict with the agricultural activities was mentioned in several studies
(Gorosábel et al., 2019; Pedrana et al., 2014). Since 1931, these species
have been considered agricultural pest, although their damages to
wheat (Triticum sp.) were evaluated, without finding evidence of yield
reductions (Gorosábel et al., 2019). Another species widely accused of
causing damage to crops is the Greater Rhea and as a consequence,
local farmers have historically hunted them (Martella and Navarro,
2006; Pedrana et al., 2015).

In this review, we found other problems related with birds. Damage
to ornamental and native plants, interference with utility poles and
other man-made structures, noisiness, introduction of diseases and
parasites, and aeronautical accidents were associated with parakeets
(Marateo et al., 2015; Romero et al., 2016). The risk of aeronautical
accidents was also related to doves (Marateo et al., 2015) and water-
fowl, as well as problems in landfills and the risk of transmitting dis-
eases and contaminants (Bruggers et al., 1998; Marateo et al., 2013).

Regarding mammals, we found that the Pampas Fox and the
Mountain Lion are involved in human-carnivore conflicts. These species
are persecuted by humans because they are accused of predating on
domestic animals or livestock (Lucherini et al., 2004, 2018). Although
cattle killing may be overestimated by local people, the interaction
between the Mountain Lion and humans can produce significant losses
for cattle ranchers (Lucherini et al., 2018). Therefore, this relationship
should be considered in conflict mitigation strategies.

Rodents are common in conflicts with people and are considered
harmful because they damage crops, stored goods, and infrastructure
and also transmit zoonotic diseases (Lovera et al., 2015). Finally, the
Xenarthrans also appeared in the conflict review since farmers com-
plained that they damage silo bags, consume crops and their dens in-
terfere with farming practices (Abba et al., 2015; Carlini et al., 2016).

Further studies on the damage produced by wild animals and their
association with human activities need to be addressed to identify
management priorities. Specially in cases were the conflict species are
in the danger of extinction, such as the Ruddy-headed Goose, or have
important roles in the ecosystems, such as top-predators.

4. Conclusion

The concept of ES (MEA, 2005) provides a useful tool to bridge
biodiversity conservation, ecosystem functions, human benefits and
development needs (Müller et al., 2019; Tallis et al., 2009). Based on
our review and in accordance with many authors around the world
(Balvanera et al., 2006; Díaz et al., 2005; Green and Elmberg, 2014;
Whelan et al., 2008), birds and mammals play key roles in a wide
variety of ES in the Pampas region. Most of the ES found in the re-
viewed studies are related to regulation process of the ecosystems such
as biological control of detrimental species for humans. Provisioning
and Cultural services were not equally represented, finding very few
studies that addressed these ES. Particularly, Cultural services are
perceived in different ways, depending on the social-economic and
cultural context (Buijs et al., 2006) and are much harder to quantify
than the others (Burkhard and Maes, 2017). Yet, we could identify the
importance of natural areas or reserves in the provision of Cultural ES.

The negative interactions have to be included in decision-making
processes and in land use planing (Ceauşu et al., 2019; Dickman, 2010).
Particularly in situations like the Pampas region, where many of the
mentioned species are important ES providers and are also involved in
conflicts causing some discomfort to people. The majority of the con-
flicts found in this study were related to agricultural production da-
mages. However, many of the species that caused those damages were
involved in the regulation of other detrimental species in the same
environments. Therefore, conservation studies should focus not only on
the damages but also on people’s perception. Studies on conflict-per-
ceptions that quantify wildlife damage and monitor rates and causes of
wildlife mortality would portray a more comprehensive picture of how
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significant a conflict is to people and wildlife (Dickman, 2010). This
could be a way of incorporating people’s perspective of wildlife (posi-
tive and negative) in management plans.

Although this review was focus on the Argentinean Pampas, the
study area is part of the Río de la Plata grasslands, which includes
Uruguay and Rio Grande do Sul in Brazil as well (Soriano et al., 1991).
The agricultural practices and the expansion of its frontiers in these
countries have the same negative consequences on species and the re-
maining natural areas (Baeza and Paruelo, 2020; Modernel et al.,
2016). Based on these, and on the similarities in the species occurrences
(Bilenca and Miñarro, 2004), the identification of key species providers
of ES could be used as a starting point to work on new conservation and
sustainable measurements at a regional level. Together with quantita-
tive data, this information could be implemented to monitor their po-
pulations and predict the ES provision. The reduction of those benefits
could help to increase the awareness of the negative effects of the
current agricultural practices.

Handling human–wildlife conflicts without compromising animal
populations or human welfare is a great challenge that requires a de-
licate balance of agricultural extension and wildlife conservation
(Ceauşu et al., 2019; Dickman, 2010; Treves et al., 2006). Identifying
the potential ES provided by wildlife and understanding the conflicts
between them and people, is a powerful argument to fit wildlife into a
landscape shaped by anthropogenic activities and could be a way for
wildlife population to coexist with human interests, favoring its con-
servation.
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