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Introduced invasive species are a major driver of local to global environmental
change, including important negative impacts on biodiversity, ecosystem processes, econo-
mies, health and other social values. At the same time, however, different social actors can
hold diverse representations of these species, particularly of introduced invasive mammals
(IIMs). Such divergent values and perceptions can lead to conflicts regarding the manage-
ment of IIMs, but also invite researchers and managers to be reflexive regarding their own
work at a more fundamental level. Therefore, it is key that we advance towards a holistic
understanding of IIMs and develop strategies to manage them based on solid technical
information and plural perspectives regarding their multiple values. Despite a rich his-
tory of initiatives in Argentina to study and manage IIMs, until now there has not been
an opportunity to assess the state-of-the-art knowledge in our country. This book seeks to
provide rigorous, relevant and legitimate information to support research, policymaking
and management decisions regarding IIMs in Argentina. With this objective in mind, the
book presents a series of chapters selected to highlight priority topics concerning the con-
ceptualization and implementation of IIM research and management. Then, fact sheets are
provided for the different IIMs found in Argentina. Finally, beyond the realm of academic
inquiry, the timing of this publication is ideal to re-enforce policy and decision-making,
such as the recently approved National Invasive Exotic Species Strategy, which seeks to
implement actions and enhance institutional capacities related to invasive species manage-
ment in Argentina, and the Convention on Biological Diversity's new Global Biodiversity
Framework, which also addresses biological invasions as part of broader efforts to attain the
2050 Vision for Living in Harmony with Nature.

Dr. Alejandro E.J. Valenzuela
Dr. Christopher B. Anderson
Editors, Vol. lll SAREM Series A
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FOREWORD

Biological invasions by introduced species are one of the great changes rapidly transforming
the globe today, with innumerable impacts on economics, human health, ecosystem services, and
biodiversity. Mammals are among the most impactful of invasive species, transmitting diseases to
humans, livestock, and native animals, trampling native grasslands, voraciously devouring vegeta-
tion from groundcover to saplings of forest trees, fouling water, causing erosion, and preying on and
outcompeting native animals. They were among the first species humans introduced worldwide and
in Argentina, both deliberately (e.g., livestock) and inadvertently (e.g., rats and mice). They have
been introduced for sport (e.g., deer, boar) and companionship (e.g., cats, dogs), or simply as attrac-
tive ornamentals (e.g., squirrels). Some that are meant to be kept in captivity, such as cats, dogs, and
squirrels, escape and establish feral populations.

Argentina looms large in the history of biological invasions by introduced mammals. The earliest
permanent European settlers of Buenos Aires in 1580 discovered huge herds of feral horses already
on the pampas, and soon after, Vdzquez de Espinoza described feral horses in Tucumdn that were “in
such numbers that they cover the face of the earth...”. Many sheep were in Tucumdn as well at that
time, and of course later sheep were enormously numerous in Patagonia, effecting huge changes in
the vegetation and driving land degradation and desertification to this day. When Charles Darwin
visited the La Plata region in 1832 during the voyage of the Beagle, he reported that “...countless
herds of horses, cattle, and sheep, not only have altered the whole aspect of the vegetation, but they
have almost banished the guanaco, deer and ostrich. Numberless other changes must likewise have
taken place; the wild pig in some parts probably replaces the peccari; packs of wild dogs may be heard
howling on the wooded banks of the less-frequented streams; and the common cat, altered into a
large and fierce animal, inhabits rocky hills.”

Approximately 40 mammals have been introduced to South America, of which 25-30 have
established populations; most of these are in the Southern Cone. In Argentina, I count 23 success-
fully introduced mammal species, including feral cats, dogs, and cows. Many, such as rats, rabbits,
boar, and goats, are widely distributed around the world. By contrast, the hairy armadillo has been
introduced nowhere else but from the mainland of Patagonia to Tierra del Fuego Island. Strikingly,
except for the rats and house mouse, all these mammals were brought to Argentina deliberately; this
is very different from, say, introduced insects. A few of these invasive mammals, like the squirrel,
were not intended to be released, but I hesitate to term such invaders truly “accidental,” because the
people who brought them should have realized that escapes or later releases were almost inevitable.
Of course, almost all of these mammals were introduced before the late twentieth century, which
was when most scientists and the public began to recognize the extent and importance of impacts of
introduced species. However, the squirrel and armadillo introductions were recent enough that po-
tential impacts should have been foreseen. Things could be worse, of course—mammals deliberately
brought to Argentina that either were released, but did not establish persistent populations or have
not yet escaped from hunting preserves include reindeer, silver fox, mule deer, African buffalo, white-
tailed deer, Pére David's deer, thar, barbary sheep, wisent, mouflon, chamois, and ibex.
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The technology of eradicating introduced invasive mammals has made enormous strides in the
last thirty years—at least 31 mammal species have been eradicated from islands worldwide, includ-
ing relatively large islands like South Georgia. Both Norway and ship rats have been eradicated
hundreds of times, and house mice about 100 times. Most large mammals, such as deer and horses,
are technologically easier eradication targets—many can simply be tracked and shot, for instance.
However, mammals more than any other introduced species pose the complication that many peo-
ple—especially hunters—simply do not want to eradicate them, and many animal welfare advocates,
even those recognizing the damage some invaders cause, object to eradicating them by the only cur-
rently feasible means—Xkilling them, humanely if possible. Even rat eradication has been impeded
on animal rights/animal welfare grounds, and free-ranging dog and cat populations frequently are
seen more as animal welfare issues than as conservation problems to broad sectors of some societies.
In Argentina, the problem of implementing feasible eradication programs for invasive mammals is
epitomized by the rather schizophrenic attitude taken by the National Parks Administration (Ad-
ministracién de Parques Nacionales—APN) towards red deer. The APN's conservation imperative
is supported by the section of Law #22,351 that forbids propagating introduced animals, yet red
deer, known to damage native species and ecosystems, are managed in Lanin National Park to foster
ongoing hunting, and even to improve the size and quality of the deer for better hunting trophies.
Additionally, there is often inconsistent and inadequate funding for managing and eradicating inva-
sive mammals in protected areas, almost always constituting a supervening impediment even when
a rational and effective goal is stated.

Argentine scientists have participated heavily in the rapid growth of modern invasion science
since its inception in the 1980s, and they and overseas colleagues have conducted substantial research
on the biology and impacts of many of the introduced invasive mammals in Argentina, as well as
other invasive species. Some of the threats posed by these mammals have even become widely known
to the general public in Argentina and beyond—the spread of the beaver from Tierra del Fuego to
the mainland has been an international news story. Introduced Invasive Mammals of Argentina is
therefore an exciting and timely addition to the literature on invasions in southern South America
for both the Argentine public (and its political representatives and environmental managers) and
scientists worldwide. The many authors assembled for this book explore how these biological inva-
sions happened in the first place, how they spread, what they do to biodiversity, ecosystems, and
human enterprises, what has been done about them so far, what can be done about them now, and
what might be done with them in the future. The editors and authors are to be congratulated for an
excellent exposition of the Argentine part of a growing global phenomenon.

Daniel Simberloff
Nancy Gore Hunger Professor of Environmental Studies
Department of Ecology and Evolutionary Biology
University of Tennessee
Knoxville, TN 37996



1 INTRODUCED AND INVASIVE MAMMALS:
CONCEPTUAL AND HISTORICAL
PERSPECTIVES FOR ARGENTINA
MAMIFEROS INTRODUCIDOS E INVASORES: UNA

PERSPECTIVA CONCEPTUAL E HISTORICA PARA
ARGENTINA

S.Yasmin BOBADILLA?, Andrea del Pilar TARQUINO-CARBONELL' and Ricardo A. OJEDA!

1Grupo de Investigaciones de la Biodiversidad (GIB), Instituto Argentino de Investigaciones de Zonas Aridas
(IADIZA), and Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET), Av. Ruiz Leal s/n, Parque Gral.
San Martin, 5500, Mendoza, Argentina. ybobadilla@mendoza-conicet.gob.ar, atarquino@mendoza-conicet.gob.ar,
rojeda@mendoza-conicet.gob.ar

Abstract. Species that experience range expansions, high population growth and negative social or
ecological impacts in a non-native location due to human actions are defined as both introduced and
invasive. In particular, introduced invasive mammals (IIM) are more harmful than other vertebrates,
and their social-cultural interactions are especially strong. IIMs in the Americas represent about
20% of mammal introductions worldwide, and their high species richness is concentrated in South
America's Southern Cone. The aim of this chapter is to provide an overview of the state-of-the-art on
IIMs in Argentina. We present the main concepts and applications of the biological invasion process,
the major contributions of IIM studies in Argentina, and perspectives for future research. By view-
ing biological invasions as a multi-stage process with major drivers and a series of sequential steps,
IIMs can be used as a relevant model and opportunity to promote a scientific agenda encompassing
a diversity of topics and dimensions. Such a fundamental research program, coupled with strategic
and integrated planning with governmental agencies, could provide the groundwork for aiding in
the prevention of biotic homogenization and biodiversity loss in Argentina.

Resumen. Las invasiones bioldgicas facilitadas por los seres humanos constituyen uno de los aspectos
mis relevantes del cambio global. La propagacion de especies invasoras ocurrié a lo largo de la his-
toria, principalmente durante los siglos XIX y XX. La expansién del comercio, los desplazamientos
humanos y el movimiento de continente a continente realizado por diferentes medios de transporte
produjeron la dispersién y el aumento drdstico de nuevas especies en diferentes regiones del planeta,
con consecuencias ambientales inesperadas.

Muchas especies no nativas proporcionan beneficios y son componentes omnipresentes e integra-
les de la economia global. Especies utilizadas en la agricultura, la silvicultura, la piscicultura y otras
actividades productivas de utilidad para el humano son no nativas. Sin embargo, los costos negativos
de las especies no nativas surgen cuando estas alcanzan el estatus de introducidas, se naturalizan e
invaden un nuevo ambiente. Las especies introducidas invasoras son definidas como toda especie
introducida por el ser humano que se ha dispersado y establecido fuera de su drea de distribucién
natural y constituye una amenaza para la biodiversidad (Convenio sobre la Diversidad Bioldgica,
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CDB, 1992). Dichas especies en general son oportunistas y ficilmente adaptables a nuevos hdbitats,
lo que les permite aumentar sus niimeros rédpidamente, convirtiéndose en componentes dominantes
en las comunidades invadidas; resultan ademds la causa principal de extincidn, retraccién y reestruc-
turacién de las poblaciones biolégicas. Los danos y perjuicios ambientales producidos por las especies
invasoras involucran costos econdmicos importantes para diversas actividades humanas, incluyendo
ademds situaciones de riesgo para la salud, lo que las lleva a ser consideradas andlogas a los desastres
naturales.

Entendiendo que las especies introducidas invasoras en general, y los Mamiferos Introducidos
Invasores (MII) en particular, son un fenémeno mundial con gran relevancia a escala local, el ob-
jetivo del presente capitulo es proporcionar una visién global del estado del arte en la investigacién
sobre MII en Argentina. En las dos primeras secciones introducimos aspectos conceptuales claves de
las invasiones bioldgicas, proceso de invasién y teoria de nicho aplicada a las invasiones. En las dos
tltimas secciones abordamos y analizamos la historia y el contexto de las investigaciones de MII en
Argentina.

Fundamentalmente, el éxito de las especies invasoras es resultado de la conjuncién de factores:
1) intrinsecos de la especie (tasa de reproduccién, masa corporal, abundancia, tamafio del 4rea de
distribucién natural) y 2) extrinsecos, o del hébitat que invaden (disponibilidad de nichos vacantes
y recursos alimenticios, clima, entre otros). Sin embargo, no es posible establecer generalizaciones
que permitan caracterizar la invasién de una especie, ya que este proceso varia de region a regién y
de ecosistema a ecosistema.

En particular, los mamiferos son uno de los grupos de invasores bioldgicos mds exitosos y sus
interacciones socioculturales son especialmente fuertes. Los MII en América representan alrededor
del 20% de las introducciones de mamiferos en todo el mundo, y su mayor densidad se concentra
en América del Sur. De un total de 37 especies citadas, el 76% (excluyendo las especies domésticas)
ocuparon el cono sur de Argentina y Chile. La mayoria de las introducciones de mamiferos fueron
hechas deliberadamente por el ser humano para posibilitar su caza deportiva, realizar actividades de
explotacién econdmica o confinar los animales en explotaciones privadas, rurales, criaderos, parques
o zooldgicos donde constituyeron poblaciones asilvestradas. En ausencia de regulaciones especificas,
estas introducciones ocasionaron perjuicios de amplio impacto por la expansién de varias especies,
en ciertos casos incontrolables, como el jabali (Sus scrofa). La tendencia en la investigacién de MII en
Argentina entre los afios 1978 y 2021 se enfocé principalmente en abordajes biolégicos y ecolégicos,
asi como de impacto ambiental. Menor importancia presentan las aproximaciones en investigacién
aplicada, mostrando que adn existen importantes vacios, tanto en estudios de impactos econémicos,
sociales y culturales como de desarrollo de politicas de manejo.

La comunidad cientifica ha identificado a las invasiones biolégicas como un fenémeno de dis-
rupcién y amenaza al mantenimiento de la biodiversidad. Algunos autores también consideran a
las especies invasoras como organismos modelo que podrian proporcionar una comprensién mds
general de la naturaleza y de problemas aplicados, como la extincién, funcionamiento de ecosiste-
mas y respuestas al cambio climdtico. Mds atn, las invasiones biolégicas abarcan una amplia gama
de dimensiones de investigacién que va desde los aspectos bioldgicos-ecoldgicos a consideraciones
socio-econdmicas, andlisis de riesgos y desarrollo de politicas.

Al estudiar las invasiones biolégicas como un proceso multifacético con grandes impulsores y una

serie de pasos secuenciales, los MII ofrecen un modelo tinico y una oportunidad para una agenda de
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investigacidn que engloba una gran diversidad de temas y dimensiones. Tal programa de investiga-
cién fundamental, junto con la planificacién estratégica e integrada con organismos gubernamen-
tales, agencias estatales en varios niveles y diferentes sectores sociales, politicos y econdmicos, debe
proporcionar las bases para prevenir la homogeneizacién bidtica y la pérdida de biodiversidad en los

principales ecosistemas de Argentina.

Introduction

“...Few countries have undergone more remarkable changes, since the year 1535,
when the first colonist of La Plata landed with seventy-two horses. The countless
herds of horses, cattle, and sheep, not only have altered the whole aspect of the veg-
etation, but they have almost banished the guanaco, deer and ostrich. Numberless
other changes must likewise have taken place; the wild pig in some parts probably
replaces the peccari; packs of wild dogs may be heard howling on the wooded banks
of the less-frequented streams; and the common cat, altered into a large and fierce
animal, inhabits rocky hills.” (Darwin, 1833).

Species that experience rapid range expansions into a non-native location via human
actions are defined as being both introduced and invasive (Lockwood ez al., 2007). These
species also provoke changes in ecological, economic, and social systems as a result of their
new interactions in the recipient environment (Simberloff ez 4/, 2013; Blackburn ez /.,
2014). The impact upon the new region is context-dependent and is contingent on both
the identity of the invader (i.e., on its biological traits) and the recipient community or
ecosystem (ie., on the biological traits of resident species) (Valéry et al., 2008). Typically,
ecologists also have identified biological invasions as an ecological disturbance and a threat
to biodiversity (Vitousek ez al., 1996).

However, non-native and even invasive species also can provide benefits to some stake-
holders and conceptually are a source of opportunities to understand fundamental eco-
logical and evolutionary processes of ecosystems (Sax ez al., 2007). The benefits from some
non-native species are pervasive and integral components of our global economy. For ex-
ample, fiber-producing crops, such as cotton, are often grown outside of their native range
to great advantage, and livestock, such as sheep, that produce food and material for cloth-
ing; these benefits are typically received from managed species (Sax ez al., 2007). The nega-
tive costs of introduced species usually come from those that have become naturalized and
invasive; that is, those which have established self-sustaining populations in the absence of
human assistance and expanded their range across the recipient environment. These inva-
sive species have caused or contributed to the extinction of many native species, as exempli-
fied by rats and cats introduced onto islands (Blackburn ez 4/., 2005; Medina ez al., 2011;
Harper and Bunbury, 2015 and references therein). Thus, biological invasions can generate
enormous environmental damage and have been considered analogous to natural disasters
(Ricciardi et al., 2011).

Globally, the list of human-introduced species increases, as does the number of those that
become invasive and have significant ecological, economic, and cultural effects (Mooney
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and Hobbs, 2000). Therefore, biological invasions are actually socio-ecological phenomena
because humans are involved as both a driver and recipient in the entire invasive process:
they serve as vectors for introductions (accidental or intentional), suffer the consequences,
and possess the capacity to act and make decisions for managing these species (Garcia Llor-
ente et al., 2008) (see Anderson and Pizarro, this volume). Environmental decision-makers
and scholars recognize the need to integrate the social dimension into biological invasions
research and extend it beyond the fields of biology and ecology, encompassing sociological,
political and economic aspects of the problem that must be understood to develop effective
policies and management solutions (Van Wilgen ez al., 2014; Estévez ez al., 2015; Schiavini
et al., 2016).

In this context, introduced invasive mammals (IIMs) stand out for being more invasive
than other vertebrates, and their social-cultural interactions are especially stronger (Jeschke,
2008; Ballari er al., 2016). IIMs in the Americas represent about 20% of mammal intro-
ductions worldwide, and their high species richness is concentrated in South America's
Southern Cone (Novillo and Ojeda, 2008; Ballari ez /., 2016). The aim of this chapter is
to provide an overview of the state-of-the-art on IIMs in Argentina. In the first section, we
introduce key concepts of the biological invasion process, using IIM examples in Argentina.
The second section discusses niche theory applied to biological invasions and some case
studies for the country. In the third section, we examine the main contributions of [IM
research in Argentina. Finally, we propose IIMs as a research model to better understand
ecological processes (e.g., niche, competition, disturbance dynamics, etc.) and as a tool for
the conservation and management of biodiversity.

Invasion process of introduced invasive mammals in Argentina

A “biological invasion” is the end product of a multi-staged process (Lockwood ez .,
2007), which is not necessarily linear. Each stage includes a series of barriers or ecologi-
cal filters, and species must pass these to advance to the next stage in the invasion process
(Richardson ez al., 2000; Colautti and Maclsaac, 2004). At the same time, each stage is
associated with a term that indicates the degree of progress: introduction, naturalization/
establishment, expansion, and invasion. Here, we use the term IIMs to refer to introduced
mammals that have passed the stages of establishment and expansion in Argentina (i.e., are
or are becoming “invasive”).

The terminology, definitions and stage numbers of the biological invasion process vary
among authors (Valéry ez al., 2008; Blackburn ez al., 2011), generating different interpreta-
tions and some confusion regarding concepts and theory (Colautti and Maclsaac, 2004). In
this contribution, we follow the neutral theoretical framework suggested by Colautti and
Maclsaac (2004) with seven distinct stages, attempting to avoid preconceived terms and
imprecisions (Fig. 1). The model begins with a “Stage 0,” defined by the potential invading
propagules resident in a main donor region (previous to primary dispersal stage). If these
propagules go through the primary dispersal filter, into the transport vector, they pass to
“Stage I”. If they survive the transport vector and release filter, they pass to “Stage I1.” Those
propagules that become established and proliferate, survive in the new environment and
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go through the reproduction filter in a novel region pass to “Stage II1.” Finally, there are
four categories of established species, based on two filters: local dispersal, and environment
and community suitability. Thus, local dispersal of individuals (i.e., propagule pressure)
determines which Stage III species (localized, but rare) reach “Stage IVa” (widespread, but
rare), or which “Stage IVb” species (localized, but dominant) reach “Stage V” (widespread
and dominant). Also, environment and community suitability filters determine if species at
stage I1I reach stage IVD, or which stage IVa species go on to Stage V (Fig. 1). Three factors
affect the probability that a potential invader will pass through each filter: propagule pres-
sure (PP); environmental requirements of the potential invader (physico-chemical) (ER),
and community interactions (CI).

The IIMs in Argentina exhibit intrinsic (z.e., high dispersal capacity, high reproductive
capacity, broad diet, habitat generalists) and extrinsic attributes (i.e., vacant niches, natural
enemy release, diversity of resources, climate matching), as well as factors associated with
human activity (i.e., game hunting or commercial purposes, transport vectors and path-
ways, propagule pressure), that can explain successful invasions. For example, the Pallas's
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Figure 1. The biological invasion process defined using a proposed neutral theoretical framework (modified from Colautti
and Maclsaac, 2004), merging the stages in the process with commonly used terms and the status of species (Catford et al.,
2009). In the lower portion of the figure, several introduced invasive mammals are categorized based on their status in dif-
ferent parts of Argentina. For example, Pallas's squirrel (Callosciurus erythraeus) was introduced to two sites in the city of Bue-
nos Aires (Stage Il). Pallas's squirrel have established, but localized populations in Salto (Buenos Aires province) (Stage IlI).
Pallas's squirrel is localized and dominant (Stage IVb) in Arrecifes (Buenos Aires province), as well as the hairy armadillo
(Chaetophractus villosus) in Tierra del Fuego's main island (Stage IVa). Pallas's squirrel is widespread and dominant in Lujén
(Buenos Aires province) (Stage V).
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squirrel (Callosciurus erythraeus) was able to successfully colonize a broad area, starting with
10 initial individuals that have kept expanding to become one of the country's main foci
of invasion (Aprile and Chicco, 1999; Benitez ez al., 2013). Furthermore, given their char-
ismatic appeal, these squirrels are transported and released by people, which provides new
invasion points due to translocation events (Guichén ez /., 2015). This case also allows us
to establish different stages of the invasion process for different squirrel focal points (see
Fig. 1). Thus, the Pallas's squirrel shows high invasive potential in Argentina, due to its
charismatic appeal combined with high reproductive potential, the probability of establish-
ment from a few founding individuals, its ability cope with modified environments and a
lack of natural enemies (see also Guichdn ez 4/, this volume; Gozzi et al., this volume). For
its part, the American mink (Neogale vison) is another successful invader in Argentina, in-
troduced for fur farming and subsequently establishing itself in the wild (Fasola and Valen-
zuela, 2014). The American mink shows remarkable ecological adaptability, as a carnivore
with a generalist and opportunistic diet, a high reproductive rate, particular reproductive
features (e.g., delayed implantation), and high genetic variability that allows it to inhabit a
wide range of habitats (Valenzuela ez a/., 2016; Malerba ez al., 2018).

In particular, the niche requirements of an introduced species can be used as predictors
of potential invasion risk in areas of introduction and establishment (Qiao ez /., 2017). En-
vironmental factors (biotic and abiotic) in the native range would pre-adapt populations for
similar habitat types in the invaded range (i.e., habitat suitability) (Lee, 2011). For example,
many IIMs occupy ecoregions similar to their native ranges, which provide good climate
niche matching, but some species have even experienced range expansions to completely
new habitat types (Novillo and Ojeda, 2008; Ojeda e /., 2010), which are discussed in

the next section.

Niche theory applications for invasive species

A given species can persist under a limited set of habitat conditions. Therefore, a
habitat's biotic and abiotic factors are relevant for enabling an organism to survive and
reproduce, determining its environmental niche (Hutchinson, 1959) (Fig. 2). Niche dif-
ferentiation between native and recipient ranges may result from changes in either the
fundamental niche of the species (i.e., the requirements of a species to maintain a positive
population growth rate, disregarding biotic interactions) or the realized niche (i.e., the fun-
damental niche constrained by biotic interactions) (Broennimann ez /., 2007).

The distinction between realized and fundamental niches is important for describing
and understanding niche dynamics—expansion, contraction or shift of a species' niche-
(Pearman ez al., 2008). Thus, when propagules are transported to a novel range, there could
be a match between their realized niche and at least one habitat in the area of introduction
(i.e., habitat compatibility) to enable their survival at initial stages of invasion (Steinmaus,
2011). In other words, a proportion of the native niche should be overlapping the intro-
duced niche (i.e., niche stability) (Guisan et al., 2014) (Fig. 2). The challenges imposed
by abiotic and biotic factors in novel ranges could induce a rapid evolutionary response
and introduced species would undergo niche shifts (Lee, 2011). Thus, introduced species
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Figure 2. Representation of native and invaded ecoregions showing environmental factors that determine environmental
niche (left); changes in the niche (stable, changed or expanded) (center) and possible examples with introduced invasive
mammals in Argentina (right).

experience changes in their ecological processes in a new geographic range. For example,
release from natural enemies in the new environment could influence their environmental
niche (Pearman ez /., 2008). In this sense, niche shift may be a factor in mediating the
establishment and expansion success of the organism introduced into a novel environment
(Broennimann et al., 2007).

Nevertheless, ecological and evolutionary theory suggests that niche conservatism ought
to be more common than niche shifts (Qiao ez 4/, 2017). Niche shifts confound the idea
of fundamental niche with aspects of condition availability across real-world landscapes.
Thus, the use of new environments by invasive species in the invaded range may require
conditions that are unavailable or inaccessible in the native range (Fig. 2). For example,
the wild boar (Sus scrofa) occupies a broad range of habitats in Argentina, from the Pa-
tagonian forests and humid pampas to arid and semiarid regions (Cuevas ez /., 2013a).
In the temperate Monte Desert, wild boar could be invading a new environment, there-
fore experiencing a niche expansion (Ojeda ez al., 2010) (Fig. 2). On the other hand, the
North American beaver (Castor canadensis) inhabits slow-flowing rivers, streams, marshes
and lakes in wooded country in North America, from Alaska south to northern Mexico
(Long, 2003). In Tierra del Fuego, it occupies ecosystems, such as the Magellanic subpolar
forest and Patagonian scrub and steppe, limited mainly by hydrological resources (Wallem
et al., 2007) (Fig. 2). Another good example is the establishment of the European rabbit
(Oryctolagus cuniculus) in central Chile, where the climate matches that of its native range
(Mediterranean-type climate). When the rabbit population expanded towards Argentina
(Neuquén and Mendoza provinces), it initially established in two different environments:
one to the west where a rainy Mediterranean climate prevails and another one to the east
with semiarid Mediterranean characteristics. Therefore, the principal invaded distribution
in Argentina also shows a climate regime similar to that of the native range (Bobadilla ez /.,
2021). This is reflected in the good match between native and invaded ecoregions and par-
tially explains the successful establishment of this IIM.
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In summary, niche dynamics occur during the biological invasion process as a result of
differences in the realized niche (i.e., where the biotic interactions are important) or adap-
tation to new conditions (i.c., where rapid evolutionary responses are important) (Broen-
nimann ez al., 2007; Steinmaus, 2011). In this way, extrinsic factors (e.g., transport vectors
and release filter, local dispersal filter; see Fig. 1) impose challenges and opportunities for
invading species, while intrinsic properties of organisms and populations (i.e., body size,
locomotion, reproductive rate, population size, habitat and trophic ecology) dictate their
response to extrinsic factors via mechanisms like phenotypic plasticity or evolutionary ad-
aptation (Lee, 2011).

Historical context of IIM research in Argentina

Like in many other regions, biological invasions pose a serious threat to biodiversity
in South America, where 41 out of the 100 most invasive species in the world are already
established (Speziale ez a/., 2012; Ballari ez al., 2016). In this way, the publication trend on
biological invasions at the regional level has been shown to correlate with or even exceed
that seen at the global level, and Argentina is the Latin American and Caribbean country
with the most ISI-indexed publications on this subject (Pauchard ez al., 2011). The same
trend is shown for research on IIMs where the number of studies published in South Amer-
ica has increased exponentially since the beginning of the 21st century, and Argentina has
shown a marked increase, especially between 2006 and 2010 (Fig. 3). Despite this, Speziale
et al. (2012) showed that research trends in non-native species are not of major concern for
South American countries. This could reflect a low level of social interest due to historical
and recent socio-cultural particularities. For example, South American societies are often
dominated by more recent immigrants or a rural to urban transformation could suffer
“generational amnesia,” meaning urban residents are not aware of the past biological envi-
ronmental conditions (Speziale ez a/., 2012). Overall, an historical understanding of species
introductions demonstrates how they have been driven largely by human social practices
that have existed and, in some cases, still exist, whereby native species are either less known
or less valued than those brought from other parts of the world to “improve” local ecosys-
tems (Anderson and Valenzuela, 2014; Archibald ez 4/., 2020; Anderson and Pizarro, this
volume). Particularly, introduced mammals are associated with human activities and the
principal reasons why they were brought to southern South America were hunting, live-
stock, fur trade, pets, aesthetic purposes and so on (Long, 2003; Ballari ez 4., 2016).

In Argentina, the first assessments of introduced mammals occurred before the 1980s
with the contribution of Daciuk (1978), who studied the Araucana sub-region. This author
provided the first data on the introduction of red deer (Cervus elaphus) into Chubut prov-
ince and reindeer (Rangifer tarandus) to Tierra del Fuego Island and South Georgia Island.
Nowadays, there are no reindeer on Tierra del Fuego, and they have been eradicated from
some sectors of South Georgia Island (Adalbjornsson, 2018). Some years later, Jackson
(1985) documented the status, population trends and expansion of the blackbuck (Antilope
cervicapra) across some regions of the country. Since 1990, with the consolidation of inva-
sion biology as a subdiscipline of ecology, research on the IIMs in Argentina has begun to
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Figure 3. a. Number of papers published on introduced invasive mammals in South America, represented cumulatively be-
tween 1977 and 2014 (Ballari et al., 2016); b. Number of scientific publications on introduced invasive mammals in Argentina
graphed cumulatively between 1977 and 2021 (reviews not included).

flourish, starting with seminal studies of the impact of North American beavers in Tierra del
Fuego (Lizarralde, 1993) and the diet and habitat use of the American mink in Patagonia
(Previtali et al., 1998).

A synthesis of IIM research in Argentina is presented in Table 1, where we have considered
1) the type of study carried out: biological and ecological, of impacts (inside protected areas
or in unprotected areas) or management, and 2) the taxa studied. We found 248 IIM studies
published in Argentina between 1978-2021. Forty-one percent (n=102) of the studies have
been focused on the biology and ecology of the mammal species, principally on their habitat
and diet (18%) and dispersal and population (16%). To a lesser extent, 33% (n=82) of the
studies have been focused on the impacts, where the most evaluated environment conse-
quences are inside protected areas (19%). The most studies in unprotected areas were about
zoonotic diseases (13%), and only two studies quantify economic impacts. Only 8% of pub-
lications have been focused on applied research. Of these studies, only 2% were on social and
education topics, while the 6% were about policy development and management. Finally, a
category of “other,” including reviews and inventories, represented 18% of the total (Table 1).
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Table 1. Summary of the principal literature on introduced invasive mammals in Argentina, identifying the characteristics of each publication. For this analysis, feral domestic mam-
mals, such as horses, dogs, cats and livestock, are not included.
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Sanguinetti and Pastore, 2016
Ballari et al., 2019a
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Table 1. (Continued).

Social perception Policy development

. . *
Species Biology and ecology Impact and education and management Other
Veblen et al., 19895
Veblen et al., 19925
Frisina and Frisina, 1997" Vézquez, 2002¢ .
Relva and Caldiz, 1998’ Simberloff et al., 20035 ﬁgflli:r)’a]r?g%'eda 2008
Damadama  Flueck, 20102 Nufez et al, 20085 Merine ot £009'
Barrios-Garcia et al., 2012 Relva et al., 20095 Barrios—Garc.;'a etal. 2019
Ballari et al., 2019¢ Relvaetal.,, 2010% v
Relva and Nuriez, 20145
Relvaetal., 20145
Daciuk, 1978
Gdrtleretal., 2018 Novillo and Ojeda, 2008
Axis axis Burguefo et al., 2021 Relva and Veblen, 19983 Giirtler and Cohen, 2021 Merino et al., 2009
Nicosia et al., 2021 Fracassi etal., 2010
Tellarini et al., 2019
Bahamonde et al., 1986' s
Relva and Caldiz, 1998 Veblen et al,, 1989
Veblen et al., 19925
Flueck et al., 1999
Relva and Veblen, 1998%
Flueck, 20012
Relva and Sancholuz, 20008
Flueck et al., 20032 )
Vézquez, 2002¢
Flueck, 20043 )
Simberloff et al., 2003° :
Flueck et al., 20052 Daciuk, 1978
) ) Flueck and Jones, 20068 ]
Ortiz and Bonino, 2007! Meier and Merino, 20075 Jaksic et al., 2002
Cervus elaphus Soleretal, 2007¢ Nurez et al. 2008; Sanguinetti et al.,, 2014 Novilloand Ojeda, 2008
p Aller et al., 20094 Relva et al "20095 9 v Merino et al., 2009
Flueck, 20102 Relva et al., 20105 Relva and Sanguinetti, 2016
Flueck and Smith-Flueck, 20114 e Relvaetal, 2019
) . Flueck and Smith-Flueck, 20126
Barrios-Garcia et al., 2012 N
Relva and Nufiez, 20145
Gantchoff et al., 2013!
Relvaetal.,, 20145
Lantschner et al., 2013! o
N Reissig et al., 20165
Nufez et al., 2013"
y Charro et al., 2018¢
Guichoén et al., 20162 Reissiq et al.. 20186
Ballari et al., 2019¢ 9 v
: Jackson, 1985! Novillo and Ojeda, 2008
?:ﬂgg;m Frisina and Frisina, 1997" Merino et al., 2009

1

Carpinetti, 20012

Ballari et al., 2019b
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Table 1. (Continued).

Social perception

Policy development

. . %
Species Biology and ecology Impact and education and management Other
Guichén et al., 20052 ) s
Guichén and Doncaster, 20082 Gozzi etal, 20132
X Gozzi etal., 2013b6 . .
Bridgman et al., 20122 ’ . Aprile and Chicco, 1999
: Benitez et al., 20132 Gozzi et al, 2014 Fasola et al., 2005
Callosciurus ielli et ol . Messetta et al., 20156 ) Benitez et al., 2010 ; A,
thraeus Gabrielli et al., 2014 Bobadilla et al., 2016 Borgniaetal., 2013 ENEEL 2016 Novillo and Ojeda, 2008
ery Guichoén et al., 20152 X M ! Cassini and Guichén, 2009
- Pedreira etal., 20177 s
Coniglione and Zalba, 20182 - Guichon etal., 2019
Gozzi et al., 20208
Zarco etal, 2018 Pedreira et al., 20207
Guichoén et al., 20202 v
Lizarralde et al., 1996°
Lizarralde, 19932 Vézquez, 2002¢
Lizarralde et al., 20042 Martinez Pastur et al., 20066 Daciuk, 1978
Lizarralde et al., 20084 Anderson and Rosemond, 20105 . . .
Sanguinetti etal., 2014 Jaksic et al., 2002
Fasanella et al., 2010* Wallem et al., 201086 Estd " And I C I
Pietrek and Gonzalez-Roglich, 2015  Simanonk et al., 20116 stévez etal, 2014 nderson et al, 2015 oronato et al, 2003
Castor . ! o Santo etal., 2015 ENEEI, 2016 Wallem et al., 2007
. Davis et al., 20167 Ulloa etal., 20125 L
canadensis . Anderson etal., 2017 Schiavini etal., 2016 Anderson et al., 2009
Pietrek et al., 2016’ Anderson et al., 2014° A ]
. Santo etal., 2017 Jusimetal.,, 2020 Pietrek and Fasola, 2014
Pietrek et al., 20172 Henn et al., 2014
Pastur et al., 2021 Valenzuela et al., 2014
Eltall et al., 20192 Henn etal., 20165 Anderson etal. 2019
Feldman et al., 2020 Westbrook et al., 20175 i
Huertas Herrera et al., 20202 Garcia and Rodriguez, 2018¢
Francomano et al., 20216
Daciuk, 1978
Ondatra Deferrari et al., 19962 Vazquez, 2002¢ Novillo and Ojeda, 2008
Zibethicus Deferrari, 20111 Deferrari, 2006° Valenzuela etal., 2014
Deferrari, 2019
Mino et al., 2007
Ledn et al., 20072
Gomez et al., 20082 Larrieu et al., 2004° Novillo and Ojeda, 2008
Mus musculus Guidobono et al., 20093 Aristegui et al., 20156 Valenzuela et al., 2014
Cavia et al., 2009 Fitte and Kosoy, 20216 Caviaetal., 2019a
Vadell et al., 2010*
Lebén etal., 2013
5
Gomez Villafafie and Busch, 2007 gﬁ:t?}zgg'nzjg?t en. 20125 20135 Novillo and Ojeda, 2008
Rattus rattus,  Goémez Villafaiie et al,, 20082 P gen. 231 Valenzuela et al, 2014

R. norvegicus

Cavia et al., 2009
Vadell et al., 20104

Gomez Villafafie et al., 20136
Alonso etal., 2019¢
Fitte and Kosoy, 20216

Cavia etal., 2019b
Caviaetal., 2019¢
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Table 1. (Continued).

. . Social perception Policy development %
Species Biology and ecology Impact and education and management Other
Bonino etal., 19975
Grigera and Rapoport, 19832 Vazquez, 2002¢
Bonino and Montenegro, 19974 Delibes et al., 2003° Daciuk 1978
Campos et al., 2001" Kleiman et al., 2004¢ Hiraldo, etal. 1995
Puig et al., 2007 Puig et al., 2006° Dondzar et aI 1997
Nabte et al., 20092 Kufner et al., 20085 "
h 2 s Novaro et al., 2000
Lepus Bonino et al., 2010 Raﬁagle etal,2011 Jaksic et al.. 2002
Galende and Raffaele, 2008 Palacios et al., 20125 Donadio et,al 2005
europaeus Galende and Raffaele, 2013? Zanén Martinez et al., 20125 M : t t.’l 2005
Gantchoffetal, 2013 Reus etal, 20135 ool 2008
Lantschner et al., 20137 Scioscia et al., 2013¢ Merigo etal "2009
Gantchoff and Belant, 2015' Puig etal., 20145 Monteverdéletal 2019
Puig et al., 2015 Barbar et al., 20185 v
Puig etal., 2017 Barbar and Lambertucci, 2019¢
Aguirre etal., 20216
Howard and Amaya, 19752
Bonino and Soriguer, 20042 Daciuk, 1978
Bonino and Borrelli, 2006 Hiraldo et al., 1995
Bonino and Soriguer, 20084 Vazquez, 2002¢ Donazar et al., 1997
Galende and Raffaele, 20087 Delibes et al., 20035 Jaksic et al., 2002
Oryctolagus Bonino and Soriguer, 20092 Veblen et al.,, 2004¢ Aparicio et al., 2004
cuniculus Nabte et al., 20092 Bonino, 2006¢ Donadio et al., 2005

Cuevasetal., 20112
Laspina etal., 2013!
Galende, 20142
Guichén etal., 20162
Udrizar Sauthier, 20172

Barbar and Lambertucci, 20196
Bobadilla et al., 20205

Aparicio et al., 2006
Bonino and Donadio, 2010
Valenzuela et al., 2014
Cuevasetal., 2019

*Includes reviews, inventories and general topics.
Type of research is noted using numbered superscripts (1-7) for Biology and ecology (*Habitat and diet, 2Population and dispersal, 3Behavior, 4Reproduction and genetics); Im-
pacts: Environmental impacts (3Protected areas / 8Non-protected areas) and 7Economic impacts.
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Among the 248 publications, the most-studied orders were Cetartiodactyla (37%), Ro-
dentia (32%), Lagomorpha (20%), and Carnivora (8%), followed by Cingulata (3%). The
most-studied species were the red deer (13%), wild boar (13%), North American beaver
(13%), European hare (Lepus europaeus) (12%), European rabbit (9%), and Pallas's squir-
rel (8%).

IIM research highlights per taxonomic order

Cingulata. A particular example is the large hairy armadillo (Chaetophractus villosus), en-
demic to southern South America, but introduced and invasive on Tierra del Fuego's main
island since about 20 years ago (Poljak ez al., 2007).

Carnivora. There are studies on American mink related to its diet and habitat use (Valen-
zuela et al., 2013a,b). However, several relevant issues, such as population trends, behavior
and genetics, have not been well addressed. Within this group, the grey fox (Lycalopex
gymnocercus) is another example of a native species from the South American mainland,

but that has been introduced and become invasive to Tierra del Fuego Island (Ojeda ez 4/,
2016).

Cetartiodactyla. The red deer has been rather well studied, but this is not the case for the
blackbuck. Some studies on fallow deer (Dama dama) have been associated with red deer
on Argentina's Patagonian steppe (Frisina and Frisina, 1997). Various aspects of the wild
boar have been studied, such as diet and habitat use in different ecoregions like Patagonia
(Soteras ez al., 2017), Monte (Cuevas e al., 2010, 2013a) and Espinal (Caruso ez al., 2018).
However, studies on reproduction and behavior have not been explored.

Rodentia. Cosmopolitan species, such as the brown rat (Rattus norvegicus), black rat (Rattus
rattus) and house mice (Mus musculus), have been the subject of different studies, particu-
larly epidemiology (Gémez Villafane ez al., 2013; Aristegui et al., 2015). Muskrats (Ondatra
zibeticus) have few studies about habitat use and ecological trends (Deferrari ez al., 1996,
Deferrari, 2006, 2011), but there is no research about their impact or management. A sub-
stantial body of knowledge has been produced by multiple studies on the Pallas's squirrel
in periurban and urban areas (Guichdn ez al., 2015; see also Guichén ez al., this volume,
and Gozzi et al., this volume) and on the North American beaver, as an invasive ecosystem
engineer in Tierra del Fuego Archipelago (Anderson ez al., 2009; Schiavini ez al., 2016).

Lagomorpha. From 1980 onwards, there has been an increase in research on the Euro-
pean rabbit and European hare, aiming to provide information about its, morphology,
distribution, diet, diseases (e.g., myxomatosis) and interspecific interaction (Galende and
Raffaele, 2008, 2013; Gantchoff e /., 2015; Bobadilla et 2/, 2020), but there are no data
about management for both species in Argentina. A recent publication by Bobadilla ez al.
(2022) deals with the ecology of the European rabbit in its invading front range in central
Argentina.
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Invasion science

Short-term studies |« > Long-term studies —] Sociology
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Figure 4. Invasion science research fields and examples for introduced invasive mammals in Argentina (modified from Sax,
2007).

Conclusions

Although significant advances have been made in the understanding of the phe-
nomenon of biological invasions in South America (Jaksic and Castro, 2021, and refer-
ences therein), there are still important gaps to fill (Lowry ez a/., 2013; Ojeda, 2016). For
example, more than half of the studies have been short-term and oriented to basic research
on the biology and ecology of the IIMs in Argentina. Quite a few studies have quanti-
fied the ecological impacts of these species, but economic or social impacts are much less
studied. However, perhaps the principal gap is in the generation of applied research and
interdisciplinary studies, similar to those initial approaches that have been carried out with
the North American beaver and the Pallas's squirrel (Fig. 4). At the same time, there is an
overrepresentation of a few species (e.g., red deer and North American beaver), while others
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(e.g., muskrat) are almost not being studied at all. According to Pauchard ez al. (2011), these
differences in effort could be fundamentally due to contributions of the taxon or theme to
general hypotheses or theories, or impacts of the taxon in conservation biology or novel
taxa for the region.

IIMs provide the focus for a wide array of research dimensions, from biogeography,
evolutionary biology, macroecology and community ecology, to ecosystem ecology, restora-
tion ecology, risk analysis, and policy development, among others. A good synthesis of the
diversity of research and fertile areas for future studies in the field of biological invasions
is provided by Richardson (2011). There is no doubt that introduced invasive species are
the research focus of a wide range of scientists and wildlife resource managers, particularly
conservation biologists (Sakai ez al., 2001). IIMs provide the opportunity to address basic
research questions in different disciplines (e.g., ecology, biogeography, evolution, genetics,
and conservation biology, among others) that could be used to understand the natural
world in a better way. In this way, biological invasions are real-time, natural experiments,
offering a scenario where processes occur faster than in most natural systems (Sakai e al.,
2001; Sax et al., 2007). Among several examples are the unplanned experiments regarding
island invaders and their ecological impacts, eco-evolutionary processes dealing with com-
petition and character displacement, genetic change, rate of range expansion, introduction
of pathogens, among others (Sax ez @/, 2007). In this regard, the research on the North
American beaver in the island of Tierra del Fuego is a good example since it represents a
natural laboratory for biological and ecological studies (Fig. 4). Invasive species offer unique
opportunities to study basic processes in population biology (i.e., life history, demographic
models, and so on), evolution (e.g., rapid adaptive evolution), and ecology of interactions
between invasive and native species. Some examples of these opportunities are the ecologi-
cal studies on diet and habitat associations of the American mink or the invasion of new
environments by the wild boar (Fig. 4).

Our main purpose in this chapter was to provide a global overview regarding the state-
of-the-art in research on introduced invasive mammals in Argentina. By viewing biological
invasions as a multifaceted process with major drivers and a series of sequential steps, [IMs
offer an especially useful model and opportunity for a research agenda encompassing a rich
diversity of topics and dimensions. Such a fundamental research program, coupled with
strategic and integrated planning with governmental organisms, state agencies at several
levels and different social, political and economic sectors, should provide the grounds for
preventing biotic homogenization and biodiversity loss in major ecosystems of Argentina.
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Abstract. The ways we conceive biodiversity and nature determine how we investigate and manage
it. In the case of introduced invasive species, they have mostly been viewed with an ecological lens,
even those with clear ecological and social impacts, such as the North American beaver (Castor ca-
nadensis) in Tierra del Fuego. We use this case to consider how re-conceiving biological invasions as
socio-ecological phenomenon, with multiple human and natural drivers and outcomes, can improve
holistic and predictive capabilities of integrated research and management. Specifically, we approach
the issue by evaluating how scientific paradigms in ecology have incorporated humans into ecosys-
tems (or not), subsequently applying these perspectives to the conceptualization, study and manage-
ment of C. canadensis in southern Patagonia. We found that most research and management efforts
concerning the invasive beaver has been from a perspective that either ignores the human dimension
or conceives of humans (and beavers) as agents of ecosystem disturbance. Recently, the multi-faceted
roles of humans have been recognized more explicitly. However, social research has been catalyzed
largely by a binational political agreement between Argentina and Chile to eradicate beavers and
restore “natural” ecosystems, which still conceives of humans as separate from, or disturbers of,
nature. Therefore, even though emerging perspectives of beaver research and management increas-
ingly include a human dimension, our evaluation of this case study still finds significant limitations
to fully integrated research and applications due to an unconsolidated paradigm of humans as “co-
participants” in ecosystems. From this analysis, we propose three lessons that can help re-conceive
biological invasions as socio-ecological phenomenon: 1) build a transdisciplinary research agenda,
2) create communities of knowledge between academics, decision-makers and other social actors and
3) teach environmental history and philosophy in the natural science curricula that produce most

biological invasion researchers and managers.
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Resumen. La forma en que conceptualizamos la biodiversidad y la naturaleza influye fuertemente la
manera en la cual la estudiamos y manejamos. Las especies introducidas e invasoras, en este sentido,
han sido analizadas principalmente desde la ecologfa, cuya conceptualizacion de la naturaleza ha ex-
cluido, en gran parte de su historia, a los seres humanos. Por esta razén, a pesar de los grandes avances
en el conocimiento de las invasiones bioldgicas como un fenémeno ecoldgico, aun sabemos relativa-
mente poco sobre los impactos y repercusiones sociales, culturales y econémicas de la introduccién
de especies en nuevos territorios. Un caso emblemdtico es el castor norteamericano (Castor canaden-
sis), introducido en 1946 desde Canad4 al Archipiélago de Tierra del Fuego, territorio transfronte-
rizo entre Argentina y Chile. Usamos este caso para considerar c6mo la re-conceptualizacién de las
invasiones bioldgicas como fenémenos socio-ecoldgicos podria mejorar las capacidades predictivas y
de planteamiento holistico de la ciencia integrada al manejo y las politicas publicas de estas especies.
Abordamos este tema, primero, a través de la evaluacién de la inclusién de los seres humanos en los
paradigmas cientificos de la ecologia.

Se encontrd que los paradigmas dominantes de esta disciplina reconocen a los seres humanos en
relacién a la naturaleza como 1) promotores de cambio o 2) receptores de beneficios (o perjuicios).
Una perspectiva emergente de los humanos es como 3) co-participantes, la cual puede ser identifi-
cada a través de la integracién de perspectivas de disciplinas sociales, como la geograffa humana y
la etnoecologfa. Esta tltima conceptualizacién de la relacién humano-naturaleza serfa también con-
gruente con los cambios sociales y culturales relacionados con la interculturalidad de las sociedades
globalizadas y la expansién de la influencia humana sobre la biosfera en el Antropoceno. Luego,
aplicamos estas tres perspectivas para analizar la forma en que los castores han sido estudiados y ma-
nejados en la Patagonia, revisando ademds la historia de su introduccién e investigacién.

Encontramos que la mayor parte de la investigacion fue realizada bajo el concepto de «castores
como ingenieros ecosistémicos». A partir de estas investigaciones, y en estrecha relacién con la apro-
bacién de un acuerdo binacional entre Argentina y Chile para su erradicacién en 2008, se lograron
importantes avances en el conocimiento ecolégico del castor, pero se ignoraron, en gran parte, los
aspectos sociales relacionados con su introduccién y expansion hacia el continente, no confrontada
por las autoridades por mds de 60 anos. Bajo la segunda aproximacién sobre los dafios o servicios
del castor, agrupamos los estudios que midieron las percepciones de actores sociales especificos (p.¢j.
estancieros) sobre el efecto que provocan los castores en sus predios. Consideramos que la tercera
perspectiva de humanos como co-participantes tiene escaso desarrollo, pero bajo esta categorfa agru-
pamos trabajos recientes en antropologia, estudios de la ciencia y la tecnologfa, y otras investigaciones
sobre las percepciones de diversos grupos sociales sobre el castor. Ademds, recopilamos antecedentes
que demuestran la participacion de esta especie en la oferta turistica y el sentido de pertenencia de
los habitantes de Ushuaia en Argentina e Isla Navarino en Chile.

En base al andlisis de este caso, mostramos la poca claridad que tenemos sobre la dimensién
humana de las invasiones bioldgicas, y elaboramos tres propuestas desde las lecciones aprendidas
de este ejemplo para avanzar en su reconceptualizacién: 1) construir una agenda de investigacién
transdisciplinaria, 2) crear comunidades de conocimiento con académicos, tomadores de decisiones
y una variedad de actores sociales, y 3) incluir la ensefianza de la historia y la filosofia ambiental como
herramienta critica en el curriculo de las ciencias naturales que formar4 a una nueva generacién de
investigadores de especies invasoras y gestores de recursos naturales capaces de generar estrategias de
manejo adaptativas y socialmente vinculantes en el Antropoceno.
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Introduction

References to species “invasions” are not new in the ecological scientific literature.
The term is often traced to Charles Elton's (1958) seminal book, entitled 7he ecology of
invasions by animals and plants, but earlier antecedents referring to the effects of species
introductions were enunciated by Charles Darwin and others as early as the mid-1800s
(Cadotte, 2011). However, invasion biology did not consolidate as a sub-discipline of ecol-
ogy until the 1980s (Huenneke ez /., 1988), and its establishment coincides with broader
academic efforts at that time to apply largely ecological research to identify and confront
major environmental problems (see also the history of conservation biology: Meine et al.,
2010). In this context, the spread of introduced species around the globe came to be rec-
ognized as a major driver of global ecological change and biodiversity loss, via both species
extinctions and biotic homogenization (Vitousek ez al., 1997; McKinney and Lockwood,
1999).

Today, invasion biology is a prominent area in ecology, and biological invasion studies
account for one-quarter of all ecology publications in Latin America and the Caribbean
(Pauchard et al., 2011). Furthermore, articles on invasion biology have great impact, being
more cited than those in other prominent areas like population biology or even climate
change (Pysek ez al., 2006). Indeed, the study of biological invasions has become both
productive and influential, with its own journals (e.g., Diversity and Distributions, Biological
Invasions, NeoBiota), textbooks (Williams, 1996), research centers and academic confer-
ences (e.g., South Africa's Centre for Excellence in Invasion Biology, the Island Invasive
Conference, among others).

Notwithstanding its history of academic success and institutionalization, invasion biol-
ogy has been criticized by some for being conceptually ambiguous (Woods and Moriarity,
2001; Brown and Sax, 2004), practically ineffective (Davis et al., 2011), and socially or
ethically controversial (e.g., Mackenzie and Larson, 2010, see also review in Estévez et al.,
2015). These concerns, in turn, brought attention to previously unaddressed dimensions of
the biological invasion phenomenon. For example, despite studies that demonstrate inva-
sive species’ negative ecological effects, ethnobotanists Pfeiffer and Voeks (2008) point out
that for different social actors the cultural effects of biological invasions can indeed be nega-
tive, but also neutral or even positive. Plus, only 5-20% of all introduced species become
problematic (IUCN 2017).

Yet, multiple literature reviews from regional (Patagonia: Anderson and Valenzuela,
2014), national (Chile: Quiroz et /., 2006) and international scales (Latin America and the
Caribbean: Pauchard ez al., 2011; global: Estévez et al., 2015) have shown that dominant
approaches to both the research and management of biological invasions are skewed to-
wards natural science-based, descriptive quantifications of invasive species' environmental
impacts. On the other hand, more mechanistic ecological work, explaining the biologi-
cal invasion process and including socioeconomic and cultural aspects, has been relatively
neglected (Garcia-Diaz ez al., 2021). Arguably, it is precisely by labeling, highlighting and
orienting our attention towards the negative aspects of the invasion phenomenon that we
may be hindering our ability to holistically address the “problem” of biological invasions at
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the multiple scales and dimensions that it occurs (see extensive work by Larson, B. begin-
ning in 2005 on the biological invasion metaphor).

Despite its biological bias (or perhaps due to it), invasion biology has been effective at
positioning this issue as a problem for decision-makers at various political scales. Globally,
for example, the discourse on biological invasions appeals to many countries' national se-
curity concerns, because the harm to local biodiversity and degradation of ecosystems by
introduced invasive species represents a loss to the country's biological heritage, including
water, food, and economic security (e.g., Paini ez al., 2016). Indeed, we find the issue of
biological invasions expressed in various policy-making structures at national (e.g., USA's
National Invasive Species Council) and regional levels (e.g., European Commission Com-
mittee on Invasive Alien Species). Plus, it has been codified into international policy instru-
ments (e.g., the Convention on Biological Diversity, CBD 1992) and multilateral working
groups (e.g., [UCN's Invasive Species Specialist Group—ISSG, see also IUCN 2017). In-
deed, the CBD's Aichi Target #9 states that by 2020 “invasive alien species and pathways
are identified and prioritized, priority species are controlled or eradicated, and measures are
in place to manage pathways to prevent their introduction and establishment.”

However, even the policy emphasis of this biological approach is focused on generic
effects of invasive species (.e., to invade, to threaten) regardless of their social perceptions,
local issues and feasibility and desirability of control and eradication measures. Campaign-
ing for the eradication of agricultural pests, such as insects or weeds, is not the same as for
charismatic animals (see Garcia-Quijano ez al., 2011, see also Guichén ez al., this volume);
likewise, carrying out an invasive species control program in a remote protected area is not
the same as on an inhabited island or populated suburban area. Indeed, both human and
biophysical geography are highly relevant to the success or failure of invasive species man-
agement, and perhaps part-and-parcel of both the problem and the solution (Estevez ez al.,
2015). Therefore, overcoming invasion biology's inherited ecological bias is imperative not
only for how we understand and study invasive species, but also how we prevent or manage
them.

These global tendencies are also mirrored at the sub-regional and national levels in
South America. For instance, the Argentine and Chilean governments signed a bilateral
agreement to eradicate introduced North American beavers (Castor canadensis) to restore
invaded ecosystems in southern Patagonia (Menvielle ez a/., 2010; Malmierca e al., 2011).
This agreement was almost entirely informed by ecological data, science and perspectives.

The beaver was introduced to the Argentine portion of Tierra del Fuego in 1946, and
for more than 50 years this biological invasion, and its noticeable effects, went mostly un-
challenged. Beginning in the late 1990s, however, ecological research positioned this issue
and gave rise to the current agreement, which presumes that the eradication of beavers will
permit the restoration of native Nothofagus forests. However, little consideration was given
to the multi-faceted ways that this ostensibly “biological” problem is both the cause and the
outcome of interwoven human and natural processes. For example, the absence of a local
hunting-trapping culture, the broader program feasibility (biological, physiological, institu-
tional, and financial) and the ultimate desirability (social, cultural, ethical) of eradication/
restoration were not considered sufficiently, even for the ostensibly long-term ecological
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goal of restoring “natural” ecosystems. Furthermore, beyond the authorities, diplomats,
natural resource managers, biologists and conservationists involved in the bilateral process
that produced the agreement, the engagement and participation of other stakeholders (e.g.,
local communities, ranchers, tourism operators) was consigned to one clause concerning
“educating the public” to encourage their support (see full text at Ministerio de Relaciones
Exteriores— Chile, 2008).

The introduction of North American beavers from Canada to Tierra del Fuego con-
stitutes a crucial historical moment in the construction of today's southern Patagonian
landscape (see also Archibald ez al., 2020). First, as ecologists and later as socio-ecological
researchers, we have worked for nearly two decades to understand the historical and pres-
ent context of this biological invasion. We have discussed the issue in different venues,
from local to international levels, and with different audiences, from scientific conferences
to decision-making workshops and public seminars and talks. By associating our research
with different audiences, we started to understand and compile historical antecedents about
southern Patagonia and beaver introduction. Together, these historical processes and re-
search findings comprise a narrative regarding beavers on both social and scientific levels.
At the same time, we began to recognize the place and role different actors play in this story.
In this context, as a case study, the beaver invasion also helps reveal the complex mixture
of issues, beyond its mere ecological impact, that require our attention regarding the con-
ceptual, research, societal, and practical levels of this problem. We believe that an analysis
of this case may also help other scientists and practitioners broaden their understanding of
biological invasions to recognize and confront them as socio-ecological phenomena. Doing
so will require the engagement of other disciplinary experts and social actors, thus expand-
ing human-nature paradigms beyond ecology.

In this chapter, we set out to elucidate how the study of this “problem” is influenced
by our conceptualization of both “invasive species” and “nature” in Patagonia. To position
this case study in a broader disciplinary context, we first reviewed human-nature paradigms
in ecology; then, we organized the examples of beaver invasion research and management
based on different ways in which humans and nature are conceived in recent scholarship,
including: 1) humans as “drivers” of ecosystem change and 2) humans as “recipients” of eco-
system (dis)services. We also include a third point of view, humans as “co-participants” in
socio-ecosystems (Fig. 1), as an inter- or transdisciplinary approach including perspectives
traditionally found in disciplines like human geography and the humanities. We expected
to find that the scientific literature and management efforts on biological invasions con-
tinue to embody the historical bias in ecology-related sciences that highlights humans' role
as disturbance agents (i.e., drivers), while emerging social sciences and humanities perspec-
tives, which bring to light other aspects of human agency in nature, including the benefits
we receive from it and even our co-participation with and co-production of nature (see An-
derson ez al., 2021), would be less represented. Via the evaluation of these conceptual issues
as they relate to the practice of science and management of beavers in southern Patagonia,
we conclude by proposing guidance on developing a new agenda that views biological inva-
sions as a socio-ecological phenomenon.
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Figure 1. The balance of nature paradigm, which largely viewed humans as separate from nature (a), has been replaced by a
flux of nature approach, where humans are part of ecosystems (b-d). However, the ways humans are conceived even as inte-
grated parts of ecosystems can vary from humans as disturbance agents (b) to humans as recipients of ecosystem services
(c) and disservices and to humans as co-participants (d). Such understandings of the human-nature relationship are not only
conceptual or semantic, but also have practical implications for the basic study unit we address as scientists and the research
topics that are considered valid.

A brief history of human-nature paradigms in ecology

Throughout its history, the scientific field of ecology has viewed humans as both a
part of and separate from nature (Aggestam, 2015). While some early founders of the disci-
pline explicitly called for the “study of man and nature (as a unit, not separately)” (Odum,
1953) and declared that “[e]cology occupies a middle ground between the physical, bio-
logical, and social sciences, and must deal with human values” (Adams, 1940), the reigning
approach to ecology for most of the 20th century focused researchers' efforts on the study of
self-contained, static ecosystems that were “natural” and largely excluded human influences
(Maclntosh, 1985, Fig. 1a). This view of ecosystems can be termed the “balance of nature
paradigm.” Plant ecologist E E. Clements (1874—1945) was influential in this early ecol-
ogy paradigm via his writings on the study of vegetation succession towards climax com-
munities. In this view, biodiversity was driven by a teleological processes (i.e., nature's own
apparent purpose or goal) towards maturity—or rather the final expression of how nature
“should” express itself (i.c., without human interference).

By the 1980s, and partially as a consequence of a new social imaginary regarding a global
“environmental crisis” that arose in the 1950s and 60s in developed countries (Estenssoro
Saavedra, 2007), scholars detected a paradigm shift in ecology and an increasingly explicit
recognition of the role of humans in nature. After decades of ecological research under the
“Clementsian” paradigm, in the 1980s and 1990s, ecosystems came to be re-conceived of
as changing and inter-connected, instead of tending towards a pre-determined pathway to
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a final (and hypothetical) state (Pickett and Ostfeld, 1995). Humans, at different intensi-
ties and scales, undoubtedly had always been key players in many ecological processes,
which vindicated ideas that were contemporary with Clements', specifically H.A. Gleason's
(1926) postulates that ecosystems were heterogeneous, stochastic and dynamic. However,
it was not until the last part of the 20th century that this perspective became dominant in
ecological research (Maclntosh, 1985, Fig. 1b—d).

Today, rapid change and dynamism have become more profoundly characteristic in our
conceptualization of the modern world through prominent concepts like the Anthropocene
(Crutzen, 2002) and novel ecosystems (Hobbs ez a/., 2006), which have been coined in the
new millennium to emphasize the role of humans as the principal “driver” of ecological
change, even at the planetary level (Fig. 1b). Yet, it is important to note that in this same
period, the concept of ecosystem services also arose (largely in ecological economics) to
link ecosystem feedback loops with human society (Norgaard, 2010). More broadly un-
derstood, though, the ecosystem services concept allows the identification of a network of
benefits that nature provides to human life, both as a source of supporting natural resources
and cultural meaning and social relationships (Pascual ez a/., 2017) (i.e., humans as “recipi-
ents,” Fig. 1c).

Overall, understanding the history of ecological thought and of the broader social imag-
inaries of human-nature relationships allows us to find multiple ways of integrating humans
into nature. Such an understanding provides different perspectives not only of how the
world “is,” but also the way we “ought” to conduct our research and management actions.
For instance, scholars, with European heritage in the Americas, seeking the “balance of na-
ture” concept, imagine ecosystems with minimal human impact, but in this process obviate
millenary knowledge and interactions that many human societies have and have had with
nature, including historical and large ecosystems transformations by local communities and
Indigenous peoples. As a case in point, the Yucatdn Peninsula's forest was only recently rec-
ognized as a “Mayan forest garden” versus a “jungle” (Ford and Nigh, 2009). On the other
hand, even when we see humans as an agent mostly of change, it makes a difference if we
conceive them as “disturbers” of nature or “drivers” that solely structure ecosystems. This
second perspective lead Ellis and Ramankutty (2008) to reconceive biomes as “anthromes”
and further to the recognition that human-created landscapes and biotic assemblages have
existed in some places for thousands of years (Ellis ez /., 2010).

Human-nature paradigms also have influenced the application of ecological sciences
on environmental management. In the applied field of conservation biology, Mace (2014)
describes a time sequence from the 1960s till now that in many ways reflects the conceptu-
alizations outlined above for the related field of ecology—passing from “nature for itself,”
to “nature despite people,” to “nature for people,” and “nature and people.” Currently,
conservationists are debating the multiple implications of a “nature and people” approach,
including controversial proposals like “New Conservation” (Kareiva ez a/., 2012) that seek
to fully integrate Modernity's proposal of managing (even domesticating) nature and re-
think the meaning of nature conservation into the future towards fostering global human
welfare (Kareiva ez al., 2007).
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Researchers from social sciences, the humanities, and interdisciplinary fields, such as
human geography, environmental psychology, agroecology and ethnobiology, also have
examined human-nature relationships in different cultures and epochs (Sconnes, 1999;
Pretty, 2011). They too found that human societies and cultures have reciprocally shaped
and been shaped by their relationship with biodiversity and ecosystems (Descola and Pals-
son, 1996; Ingold, 2000). Under this lens, the ideas of “nature for itself” and “nature and
people” are largely cultural, and it has been empirically demonstrated, for example, by
contrasting landscape preferences among people with different cultural backgrounds (Buijs
et al., 2009). Indeed, the idea of nature being “co-produced” (see Hinchliffe, 2007) with
humans as “participants” (Fig. 1d) seems more culturally neutral and perhaps more appro-
priate to the current status of the planet, considering the global extent of human migration
(Vertovec, 2007) and anthropogenic impact over ecosystems (Ellis and Ramankutty, 2008;
Ellis et al., 2010).

In synthesis, the field of invasion biology has engaged with and responded to these
broader conceptual shifts (Fig. 1) and also has confronted epistemological and practical
controversies regarding its future (e.g., Larson, 2005; Davis ez al., 2011; Simberloff ez al.,
2011). Therefore, efforts to conceptually and practically include a more socially-integrated
and culturally-aware image of humans and nature are still needed. In the following sections,
we seek to contribute to this academic and management debate by exploring how different
human-nature paradigms relate to our current understanding of the biological invasion of
North American beavers in Patagonia and what those insights can teach us for the future of
addressing this issue more holistically, effectively and ethically.

Humans as “drivers” of ecological change

An invasive ecosystem engineer. Early scientific research on North American beavers in
Patagonia was focused on the species' basic population ecology. For example, Lizarralde
(1993) and Skewes ez al. (2006) published seminal studies of the abundance, density and
distribution of beavers in the archipelago, finding that by the late 1990s, beavers had colo-
nized watersheds at densities on the high end of values reported in North America. Later,
Anderson ez al. (2006a) and Wallem ez 2/ (2007) showed that the invasion's extent en-
compassed almost the entire archipelago, with the exception of the Wollaston Islands and
Staten Island, and had even occupied the mainland south of Punta Arenas City, Chile by
the mid-1990s. Ecologists subsequently began to characterize the beaver under the rubric
of an “ecosystem engineer” for its ability to create, alter and destroy ecosystems (sezsu Jones
et al., 1994). Within this body of publications, we find a large number that prioritized the
quantification of ecological impacts, but to a lesser degree there are also studies on the un-
derlying mechanisms to explain the beaver's role as an invasive ecosystem engineer in new
aquatic and riparian ecosystems (Anderson ez al., 2009).

For instance, research shows that beavers reduce stream benthic macroinverbrate diver-
sity by one-third, compared to un-impacted reaches. However, secondary benthic produc-
tion in beaver ponds was increased by an order of magnitude (Anderson and Rosemond,
2007). Furthermore, beavers simplified pond benthic food webs in their new environment,
not only lowering taxonomic diversity, but also decreasing the number of functional feeding
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groups (Anderson and Rosemond, 2010). At the same time, though, stream sections im-
mediately downstream of beaver ponds displayed largely similar conditions to un-impacted
sites. Based on these data, Anderson and Rosemond (2007) proposed that the mechanism
by which beavers differentially affect stream biodiversity and ecosystem function in ponds
is via the increase in benthic organic matter, which homogenizes substrate microhabitat for
benthos, thereby reducing diversity. At the same time, beaver impacts increased benthic
basal resources, thereby enhancing energy flow and the function of secondary production.

Overall, at the patch scale (i.c., stream reaches, beaver ponds), beaver invasion produces
the predictable effect of converting lower order streams to the conditions more represen-
tative of lentic (e.g., ponds) or high order sections of the watershed. In so doing, beavers
transform high latitude aquatic ecosystems (with lower rates of secondary production and
decomposition) to values that are in the median of global studies. Consequently, in essence,
beavers functionally converted “sub-polar” streams to “temperate” streams (Anderson and
Rosemond, 2007). Additionally, considering that beaver ponds are created in a post-glacial
landscape with other lentic features, such as wetlands, peat bogs and lakes, it was found
that beaver ponds had a similar biotic community to other lentic habitats, but significantly
higher retention of organic matter. Therefore, the effect of beavers at the landscape-scale in
Tierra del Fuego did not impact benthic biodiversity, but did enhance carbon retention at
the watershed scale by an average of 60%, even though the ponds themselves only consti-
tuted 10% of the stream networks total length (Anderson e al., 2014).

The studies looking at beavers as a driver of ecological change have also quantified their
impact to the riparian zone has the largest alteration to sub-Antarctic forests in the Holo-
cene. In total, approximately 40% of riparian forests have been affected (Anderson ez /.,
2009), and on the Argentine side of the archipelago this constitutes 30,000 ha that have
been impacted (Henn ez al., 2016). Studies have also shown that beaver meadows persist as
an “alternative stable state” for at least 20 years (Wallem ez 4/., 2010). In particular, the two
dominant tree species (Nothofagus pumilio and N. betuloides) do not regenerate well in these
new conditions. Nonetheless, V. antarctica, the third tree species found in the archipelago,
has two adaptations that make it more resilient; it is both adapted to saturated soil condi-

tions and also has the capacity to sprout from roots and stumps (Anderson ez al., 2006b).

Humans as “recipients” of ecosystems

Services and disservices from nature. In TDE, the way humans relate to nature generally and
invasive species specifically is a nascent topic of scientific inquiry. Recent studies have begun
to delve into how specific stakeholder groups perceive beaver as a threat or benefit, and how
these views influence the support control or eradication actions. An intensive and extensive
study that conducted interviews and surveys of ranchers in both the Argentine and Chilean
portions of the archipelago, demonstrated that 67% supported beaver eradication (Santo
et al., 2015), but these same ranchers simultaneously expressed both positive and negative
values regarding beavers on their land (Santo ez al., 2017).

One management proposal for biological invasions, which seeks to conceive humans as
recipients of nature and not only drivers of change to be controlled, is known as human-

centered design (Sorice and Donlan, 2015). This methodology has begun to be applied in
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the study of beavers in southern Patagonia and sets out to not only determine local knowl-
edge or opinions regarding biological invasions, but also integrates stakeholder preferences
for specific aspects of management programs themselves to design them in such a way as
to be complementary and amenable to stakeholders' own activities. As such, this approach
has the potential to attain greater social support, or “buy-in,” and thereby avoid inoperable
plans and social conflicts (see Estévez ez al., 2015; see also Scorolli, this volume). In the case
of Fuegian ranchers, while 67% supported the idea of eradication, it was possible to detect
specific program elements that could be modified to enhance their willingness to participate
in such initiatives, including increased payments, decreased landowner involvement and
increased belief in the probability of success (Santo et al., 2015).

Another way to address how this biological invasion affects what humans receive from
nature is to calculate their willingness-to-pay for potential management efforts. In south-
ern Chile, researchers determined that the monetary value society is willing to contribute
for the restoration of beaver-impacted forests impacted totals over seven million US dol-
lars (Soto Simeone and Soza-Amigo, 2014). The survey respondent valuation of forests
prioritized non-instrumental values, separating out into 48% inheritance value (conserva-
tion for future generations), 18% option value (conservation for the possibility to enjoy or
visit them in the future), 17% existence value (conservation for the forests intrinsic worth
regardless of humans) and 16% direct and indirect uses (conservation for recreation, tour-
ism, science, etc.). Interestingly, while wealthier socio-economic groups were willing to pay
more in absolute terms, the lowest strata were willing to pay a higher percentage of their

total income.

Humans as “co-participants” in socio-ecological systems

Social and cultural relationships with nature. As of yet, the idea of people co-producing
ecosystems with invasive species in southern Patagonia has not been fully explored or re-
searched (but see emerging work, such as Dicenta, 2021). However, we found some insights
in qualitative studies and surveys conducted in the small, isolated town of Puerto Wil-
liams (Chile, human population 2,000) on Navarino Island, and in Ushuaia (Argentina,
human population 60,000) on Tierra del Fuego Island. In Puerto Williams, Berghoefer
et al. (2008) found that the island's different social groups maintain diverse relationships
with nature and consequently develop divergent valuations of invasive species. Indeed, as
another study puts it, we can draw a distinction between the relationships with nature from
those for whom nature is experienced by direct interaction and senses (i.e., local commu-
nities) and others that see a global, endangered nature in need of conservation mediated
by acquired knowledge (i.e., scientists, conservationists) (Berghoefer ez 4l., 2010). In the
former, invasive species, like the beaver, generate an emotional and familial response (i.e.,
sense of place, Stedman, 2003). Some residents, therefore, have affection for the beaver,
or see it as a symbol of their own identity as settlers and colonists. This “adoption” of new
biota, or in other words, the mechanism of co-producing identity or place meanings with
biodiversity has been documented in European settlers in Australia, adopting, for example,
native species to Australia that were “new” for these European colonists (Aslin and Bennett,
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2000). In this context, local relationships with an invasive species are developed through
direct experience, and therefore, these people may have high awareness of their impacts, but
have a divergent valuation of the species itself and its management, compared to invasion
biologists and conservationists. Indeed, it is reported in southern Patagonia that some social
groups demonstrate reticence to support scientifically-determined control and eradication
efforts (Schuettler et al., 2011; Anderson et al., 2016).

In agreement with these qualitative studies on Navarino Island, quantitative surveys
administered on in Tierra del Fuego National Park found that while more than 90% of
visitors who were residents of Ushuaia (Argentina) know the beaver is harmful, only ap-
proximately half support the total eradication via lethal means (Anderson ez /., 2016). This
lack of support can be partially traced to underlying ethical frameworks (e.g., anthropocen-
tric versus biocentric worldviews) held by different stakeholders regarding nature and its
management (Haider and Jax, 2007). Plus, we have found that even when there is support
for invasive species removal, there can often be a general rejection of lethal control options,
which allows us to distinguish that there is more support for the overall goal versus the

Figure 2. The beaver is most known for the large impacts that its tree cutting and dam-building provoke to the landscape
(a), but at the same time the species itself is often considered charismatic and interesting by many people (b). Consequently,
in Tierra del Fuego, this introduced invasive species is frequently used as a “mascot” for the town of Ushuaia in tourism pro-
motional material (c) and even appears incorporated into the names of some private enterprises (d). (Photos: J.C. Pizarro [a],
J. Duncnuigeen [b], J.J. Henn [c], A.E.J. Valenzuela [d]).
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means of achieving it (Anderson ez al., 2016). The same study also found that only half
of residents can correctly identify native species on the island, but significantly more have
knowledge of the presence of specific invasive taxa, of which the beaver is the best known
(Anderson et al., 2016).

Beavers are also charismatic mammals with conspicuous affects to both the ecological
and aesthetic landscape (Fig. 2a-b). They create an ideal narrative and novelty for animal-
based tourism (Bertella, 2016), and although this aspect has not been well-studied in Pata-
gonia, tourism operators have incorporated beavers into their offering and local narrative
(Fig. 2¢-d). Ushuaia, for example, is a top destination for nature-based, international tour-
ism, and beavers have often been depicted as a city mascot, together with native species like
the Magellan penguin, in tourism advertising materials and brochures. Even the name of
a world-renowned ski resort on the island is Cerro Castor or “Beaver Mountain.” In many
ways, this invasive species has become part of the toponomy of Tierra del Fuego's “iconic”
landscape and in some ways serves as part of its natural and social capital for tourism. Using
travel blogs, tourists from North America visiting the area are confronted with the duality
of the local promotion of beavers as a tourist attraction and their noticeable environmental
effects they experience while hiking (e.g., Henn, 2013; Russell, 2016). In this human-nature
“co-production” it is also important to consider that the region's demography and economy
have been dramatically changing in the last 60 years (e.g., van Aert, 2013), particularly for
the Argentine portion. The massive immigration to the island in the last 30 years as part of
industrial promotion incentives means that for many residents the beaver and its effects are
perceived as entirely normal in Tierra del Fuego.

Despite these emerging studies, we know little about the role that people take in direct
actions towards invasive species. Stakeholders have been shown to have a disparity between
knowledge (i.e., beavers produce environmental damage) and perception (i.e., beavers are
part of my place), but how these people act to confront invasive species has been little con-
sidered. Willingness-to-pay, while not action per se, provides some indications of people's
intentions towards future behavior. For example, in Chile, a government-supported bea-
ver control program promoted significant economic incentives for the trapping of beaver,
American mink (Neogale vison) and muskrat (Ondatra zibethicus), but despite these efforts,
neither a fur industry nor trapping were sparked and only few self-sustaining enterprises
remain today (Soto and Cabello, 2007). In contrast, between 2011-2012, a destructive
wildfire impacted Torito Bay north of Ushuaia. The perceived environmental damage and
danger in this case lead citizens to self-organize a social-environmental movement in de-
fense of the native forest. This social group pressed the authorities to integrate a broader
array of stakeholders into the existing native forest advisory council (Comisién Consultiva
de Bosques Nativos) and implement the provincial native forestry law to improve overall
management, planning and conservation (Vara and Collado, 2013). We present these two
contrasting examples of social responses that were exogenous versus endogenous and ulti-
mately having differing outcomes and sustainability. Clearly, there is not the same motiva-
tion to act on the part of the local population despite the noticeable environmental effects
of invasive beavers, and as previously stated, most of these issues described in this section
have not yet been empirically researched or tested.
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Lessons from the invasive beaver case study
Build a transdisciplinary invasive species research agenda

Transdisciplinarity is a practice and a property that emerges when a diverse group,
including social actors beyond academia, works together to analyze a complex system via
the “differentiation” and “reintegration” of the system's sub-components in an iterative
process (similar to interdisciplinarity, see Garcia, 2006; but expanding beyond academia,
see Star and Griesemer, 1989). In this sense, the principal lesson of the case study is the
utility of a continual and iterative process of 1) understanding the study object/subject and
2) identifying and incorporating particular dimensions that have been unattended. As such,
new synergies and discoveries can be found along the way that also relate to the interface
of a socio-ecological phenomenon and generating mutual comprehension. If the binational
agreement and its activities to confront beavers' invasion were effective bringing scientific,
diplomatic and management agendas together, we propose that it would be relevant to
think that repeating the same “successful” recipe of collaborative work can offer similar
results in the study of other biological invasions as a social-ecological phenomenon. Specifi-
cally, mechanisms like transdisciplinary seminars and participatory workshops were useful
for the modification of the agenda on beavers and similar strategies could be used elsewhere
and for other problematic taxa (Garcia-Diaz ez al., 2021).

We would also call attention to the emerging research topics we identified under the
lens of “nature as co-production,” including incorporation of introduced invasive species
as social (i.e., creation of research-management network), natural (nature-based tourism
attraction) and cultural (place identity and belonging) capital. We show that immigration
and social and demographic change can be useful factors to incorporate to the study of lo-
cal cultural images of nature and invasive species (see also Dicenta, 2021). Other invasive
species, such trout and salmon, could be equally interesting to explore under these per-
spectives. Plus, in other “southern” countries like Australia and New Zealand, we can find
concrete examples of how these research topics have become increasingly important to the
global literature on the socio-ecological impacts of biological invasions (see Estévez ez al.,

2015) and informing land-use policy and decision-making (Klepeis ez a/., 2009).

Strengthen communities of knowledge

Since the 2006 binational politico-scientific process on beaver control began, there
is increasing interest in interdisciplinary, applied and social science approaches to this bio-
logical invasion. As such, a watershed moment in the way this problem was conceived,
studied and confronted was the conformation of a working group that linked researchers
and managers—known as “knowledge-policy communities” (sensu Diaz et al., 2015). Now,
the recent social sciences studies highlighted above demonstrate that the broadening of this
set of stakeholders also diversifies the perceptions and knowledge about beavers that are
involved in the process. Therefore, the integration of social science domains with ecological
ones also implies the incorporation of stakeholders beyond the ecological science and natu-
ral resource management realms (Colvin ez a/., 2016). Strengthening such communities of
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knowledge, then, requires attending to the question of how research should inform and
encourage participative approaches in invasive species management for future actions (Star
and Griesemer, 1989).

Moreover, biological invasions can be also understood even more broadly as having tele-
connections and telecouplings (sezsu Liu ez al., 2015), which expands the potential social
actors of these knowledge communities to a global scale. For example, the case of the beaver
demonstrates such long-distance socio-ecological system linkages. The introduction itself
brought a species from North to South America, but currently the sharing of experiences on
control has included experts from the United States, Canada and New Zealand (Malmierca
et al., 2011). As such, these comparative relationships provide an opportunity for research,
management and conservation to be informed by other knowledge-policy communities fac-
ing similar issues or sharing the same species, but outside of academia these types of linkages
between long-distance partners are less common, particularly at the local government and
community levels (Ogden ez al., 2013).

The challenges of creating communities of knowledge exist even for simply building
interdisciplinary working groups within academia and include financial, structural and
implementation barriers (Anderson ez al., 2015). By encompassing practitioners and other
local community members (i.e., transdisciplinary), a new set of concerns emerge, such as
power asymmetries, legitimacy and equity (Barnaud and Van Paassen, 2013). However,
these issues are inherent and unavoidable if we are to transition into a paradigm of research
and management as socio-ecological systems. While this represents a significant challenge
for the capacity of both invasion biologists and managers, it is clear that doing so would
promote not only mutual understanding, but also increase the legitimacy of information
and its applicability to practical solutions.

Include environmental history and philosophy in natural science education curricula

Ecologists dominate invasion biology, given the history of this field (see above), and
ecologists and natural scientists more generally have been shown to have relatively poor
training in the philosophy of science (Graham and Dayton, 2002; Estévez ez al., 2010). To
move beyond the uncritical adoption of hegemonic paradigms and principles, it is necessary
to have a solid training in the humanities, particularly history and philosophy (Eigenbrode
et al., 2007). Doing so will give a new generation of scientists and managers involved in the
study and control of biological invasions a broader understanding not only of their work,
but the science-society relationship and the relationship of their discipline with other so-
cial actors. Clearly, humans do not just impact nature, nor do they simply receive benefits
from it. Rather, a “humans as co-participants” perspective makes explicit that they also cre-
ate multiple natures (e.g., “novel ecosystems,” Hobbs ez /. 2006; “anthromes,” Ellis ez a/.,
2010). However, recognizing these multi-faceted aspects of the human-nature relationship
requires us to acknowledge and take responsibility for the lenses through which we view the
world and our work.

Despite its inherited disciplinary biases, though, we would argue that invasion biology
is well positioned to help lead other ecologists and natural scientists bridge this gap, given
the applied nature of the field and the clear expression of values and priorities that invasion
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biologists and practitioners in Patagonia have expressed (Anderson and Valenzuela, 2014).
However, there is still a need for an institutionalization of training that allows scientists and
practitioners to construct their own conceptual frameworks, based on the problem, rather
than an imposed and inherited disciplinary structure. Doing so also should help researchers
and their students reconcile their own values and priorities, which recognize the imperative
of applying their information to real world, viable solutions (Anderson and Valenzuela,
2014). Plus, taking the approach to interdisciplinarity presented by Garcia (2006), we first
must have a joint understanding of system components, which for ecologists and natural
resource managers alike are traditionally “humans as drivers of change.” However, by ex-
plicitly integrating a historical and philosophical perspective to this process, we are also
obliged to incorporate social science understandings, such as the fact that “humans” can
be differentiated into multiple social actors or stakeholders, including ranchers, scientists,

local leaders and decision-makers from the local to the regional and the international levels.

Conclusions

The scientific and management attention that the beaver has received, based largely
on studies that conceive of beavers as human-induced impacts to nature, make this bio-
logical invasion one of the most studied in Patagonia (Valenzuela ez al., 2014). The review
of the research shows that both ecological and social inquiry can provide useful data and
insights on the beaver's effects, the invasion processes and socio-cultural aspects regarding
environmental management. At the same time, we also would like to acknowledge that
the emphasis towards ecological impact studies achieved valuable outcomes, such as yield-
ing a great deal of basic information on understudied aquatic and riparian ecosystems in
southern Patagonia and permitting significant and sustained efforts to develop relationships
between researchers and decision-makers, ultimately positioning this topic in the political
agenda of both Argentina and Chile.

By analyzing the case of invasive beavers under the rubric of a socio-ecological phe-
nomenon, we now find the need to explicitly recognize that a new study object or unit
also requires updated conceptual models and methods (see Anderson ez a/., 2021). In turn,
this socio-ecological perspective also challenges conservation and restoration approaches
that seek to maintain “natural” ecological conditions and allows scientists and practitioners
instead to engage with the novel or socially-desirable conditions that recognize humans and
nature together as a unit. Therefore, a greater understanding of the history and philosophy
of our scientific and management paradigms should also teach us to have not only better
comprehension of these disciplines' trajectories, but also greater humility of their (and our)
limitations, thereby becoming better equipped to constantly search for improvements that
allow us to be more effective. We should be encouraged, as well, by other successful hybrid
disciplines that have played a role in helping to relate human behavior with environmental
situations from other standpoints (e.g., ecological economics, environmental psychology,
environmental anthropology, political ecology: see Bennett ez al., 2016). These other fields
further demonstrate that to comprehend and manage biological invasions as a socio-eco-
logical phenomenon, natural scientists and conservation practitioners would be well-served
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to develop a more nuanced understanding of human values, perceptions and motivations,
including acknowledging how these factors vary over time, place, and within socio-cultural
contexts (Paetzold ez 2/, 2010; DeFries et al., 2012).While the transformation of invasion
biology into a field of inquiry and action that effectively integrates humans and nature
is a major challenge, we find evidence from the case of invasive beavers, as well as in the
broader academic experience, that 1) the construction of a transdisciplinary research agenda
with appropriate study units and research methods, 2) the consolidation of communities of
knowledge and practice, and 3) the teaching of philosophy and history to natural scientists
are three concrete tasks that can help advance this proposal.
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Abstract. The commercialization of species valued as pets or used to enrich local fauna are a constant
source of introductions that may establish wild populations due to accidental escapes or deliberate
releases. The most frequent pathway of squirrel introductions is the pet trade. Squirrels are success-
ful invaders given that together with their biological attributes and tolerance to human presence,
their charisma enhances their invasive potential favoring their introduction into new areas and their
protection by social groups that oppose management actions. Only one squirrel species has been
introduced to South America: the Asiatic Pallas's squirrel (Callosciurus erythraeus). This tree squir-
rel was introduced to Argentina in 1970, and its further expansion resulted from a combination of
intentional translocations within the country and natural dispersal of individuals. The first known
translocation into a new area within the country occurred two decades after the original importation
of squirrels. Thirty-one translocation events, occasionally involving illegal trade, have been recorded
between 1995 and 2018, giving rise to 22 invasion foci in rural and urban areas in the provinces
of Buenos Aires, Cérdoba, Mendoza and Santa Fe, and the city of Buenos Aires. Every year, new
reports indicate the presence of C. erythracus in new sites, showing that this biological invasion is an
ongoing problem with a strong social component that should receive an interdisciplinary approach
to also attend to public concerns. To prevent further expansion, authorities must tackle the issues of
squirrel translocation and of implementing a warning-rapid response protocol in recently invaded
areas. NGOs, veterinarians and pet shop owners play an important role in reinforcing responsible
pet-keeping practices, including the message that wildlife species are not pets. Any management plan
should be designed considering the local characteristics of the invasion process of this squirrel species,
integrating the social dimension together with biological, technical, economic and political aspects.

Resumen. El comercio legal e ilegal de especies usadas como mascotas o para enriquecer la fauna
de un lugar es una fuente constante de individuos que pueden iniciar poblaciones silvestres, ya sea

debido a escapes accidentales o a liberaciones intencionales. La magnitud del comercio internacional
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de fauna es inmensa, moviendo millones de animales vivos cada afio y afectando la distribucién
global de especies exdticas. La via de introduccién mds frecuente de ardillas exéticas es el comercio
de mascotas y, en menor medida, ciudadanos particulares y zooldgicos. Las ardillas suelen tener éxito
como especies invasoras; el carisma de las ardillas, junto con sus atributos biolégicos y sinantropia,
favorecen su potencial invasor. Esto se debe a que su carisma promueve tanto su introduccién en
nuevas dreas como su proteccién por grupos sociales que se oponen a acciones de manejo.

Una sola especie de ardilla fue introducida en Sudamérica hasta el momento: la ardilla de vientre
rojo (Callosciurus erythraeus). Se trata de una especie de origen asidtico y hdbitos arboricolas, que fue
introducida en Argentina en 1970 por su atractivo como especie ornamental. Su continua expansién
en el pais se debe a la combinacién de translocaciones (transporte mediado por el hombre) intencio-
nales a nuevos sitios y a movimientos de dispersion de los individuos de corta y larga distancia. La
primera translocacién de ardillas dentro del pais ocurrié dos décadas después de su importacién. Se
registraron 31 eventos de translocacién entre 1995 y 2018, algunos mediante comercio ilegal, que
resultaron en el establecimiento de 22 focos de invasién en dreas rurales y urbanas de las provincias
de Buenos Aires, Cérdoba, Mendoza y Santa Fe, y la Ciudad de Buenos Aires.

Cada ano se suman reportes de presencia de C. erythraeus en nuevos sitios, indicando que es un
problema vigente con un fuerte componente social que deberia abordarse de manera interdisciplina-
ria teniendo en cuenta las opiniones de la comunidad, y desarrollando estrategias de comunicacién
honestas y que respondan a las inquietudes que surjan. La prevencién de la expansion de ardillas de-
berfa enfocarse en la translocacién de individuos y en coordinar respuestas rdpidas cuando se detec-
tan dreas recientemente invadidas, para lo cual es fundamental el rol de entidades de gobierno locales,
provinciales y nacionales en coordinacién con entidades y actores sociales vinculados a la problema-
tica. ONGs, veterinarios y duenos de negocios de venta de mascotas juegan un papel clave en reforzar
la tenencia responsable de mascotas, que incluye el mensaje de que la fauna silvestre no es mascota.

El potencial impacto sobre especies nativas alerta sobre la invasién de ardillas en 4reas de alto
valor de conservacién. Existen algunas acciones de manejo aisladas llevadas adelante por particulares,
usualmente sin autorizacién formal, que buscan reducir el dafio que causan las ardillas mediante
descortezado de drboles, consumo de frutos y roido de mangueras de riego y cables de electricidad,
telefonia y televisién. Recientemente se iniciaron acciones de control en el foco de invasién de ardi-
llas ubicado en la zona de Tupungato, Mendoza, coordinado y financiado por el gobierno provincial.
Estas primeras experiencias permitirdn evaluar las acciones y resultados, y trabajar de manera adapta-
tiva para lograr un manejo exitoso. En todos los casos, los planes de manejo deberfan tener en cuenta
las caracteristicas locales de la invasién integrando la dimensién social junto con aspectos de indole
biolégico, técnico, econémico y politico.

Invasive species and trade

Humans have transported species from one place to another since ancient times. Hu-
man-wildlife relationships have been shaped by culture, necessity, utility, beliefs, and ethical
values and have been traditionally restricted to the species present in the surrounding en-
vironment. Bonds between humans and non-human species were strong enough to justify
and promote the movement of animals and plants together with nomadic communities,
even in long distance trips. In particular, in the period ca. 1820-1950, the development
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of trade and transportation infrastructure and massive European emigration facilitated the
translocation and introduction of species outside their original habitats at a global scale
(Hulme, 2009). This led to the establishment of wild populations of introduced species
worldwide, which is an ongoing process today as more records of species introduced into
novel areas are still being reported every year. In fact, in recent decades the world has en-
tered the Era of Globalization that has led to a new phase in the magnitude and diversity
of biological invasions (Meyerson and Mooney, 2007; Hulme, 2009). International trade
is the most important explanatory variable to the global distribution of introduced inva-
sive species, whereby the greater the flow of international trade, the higher the number of
introduced species (Westphal ez al., 2008; Hulme, 2021). In this globalized era, changes in
macroeconomic and geopolitical forces also change the role of different continents as donor
or recipient regions for introduced species (Lenzner ez al., 2018).

International wildlife trade involves billions of live animals and animal products that are
traded globally each year (Meyerson and Mooney, 2007; Smith ez al., 2009; Sinclair ez al.,
2021). Just since 2000 in the USA, more than 1.48 billion live animals have been imported
in wildlife shipments, mainly for commercial purposes (92%), such as the pet trade, and
were obtained from wild populations (80%) (Smith ez 4/, 2009). Ornamental trade was
responsible for all deliberate introductions in northwest Europe since 2001 (Zieritz et al.,
2017), while the pet trade for amphibians, reptiles and mammals has also been reported as
a major invasion pathway in other regions (e.g., Kopecky ez al., 2016; Garcia-Diaz et al.,
2017; Rosa ez al., 2018; Carpio ez al., 2020). The main source of current avian invasions are
pet birds that escape from cages, particularly wild-caught species (Carrete and Tella, 2008).
Millions of birds are still captured annually in the wild for export to the pet markets, usually
taken from developing to developed countries (Carrete and Tella, 2008). The aquarium and
aquatic ornamental species industry, which has been identified as a major source of invasive
species in aquatic habitats, is growing annually by 14% worldwide with more than 11 mil-
lion hobbyists in the USA alone (Padilla and Willliams, 2004). The statement by Padilla
and Willliams (2004) that aquatic invasive species are just a mouse click away from any
home in America could be extrapolated to several other countries and species.

The legal and illegal trade of species valued as pets or to enrich local fauna are a constant
source of individuals that may initiate wild populations by either accidental escapes or de-
liberate releases (Hulme ez al., 2008; Keller et al., 2011; Lockwood et al., 2019), as occurred
with the common starling (Szurnus vulgaris) (Linz et al., 2007) and the domestic cat (Felis
sylvestris catus) (Dufty and Capece, 2012). Moreover, the trade of animals captured in the
wild and sold in the pet market combines two sides of a threatening coin; on the one hand,
it diminishes native species populations, and on the other hand, it favors exotic species
introductions. Numerous species are threatened because of the high extractive pressure to
sell them as pets, such as the Argentine tortoise (Chelonoidis chilensis) (Tortoise & Fresh-
water Turtle Specialist Group—IUCN, 1996) and the yellow cardinal (Gubernatrix cristata)
(BirdLife International, 2016). The characteristics of the species traded for these purposes
differ among regions and may change over time, influenced by media and fashion, and by
the new species that become available in some regions, which acts as a sort of positive feed-
back to species introduction (Sinclair ez 4l., 2020).

55



Guichon et al.

Introduction of squirrels as pets or ornamental species

Species introductions are the outcome of interactions between human socio-eco-
nomic pressures and the availability of species (Blackburn ez al., 2017). Following intro-
duction, some species, such as several mammal and bird species associated to humans
(domesticated species, pets, human commensals), have shown high invasion success inde-
pendent of propagule pressure (Jeschke and Strayer, 2006). The number of species associ-
ated with humans changes over time and appears to be rising (Jeschke and Strayer, 2000),
with the consequent potential increase in the probability of invasion success of new spe-
cies. For squirrels, the most frequent vector of introduction is the pet trade and, to a lesser
extent, private citizens and zoos (Bertolino, 2009). Squirrels have been commericalized in
both legal and illegal pet markets worldwide for several decades, and numerous species have
now become established in the wild, some of which are considered invasive (Palmer ez 4l.,
2007; Bertolino, 2009). Eighteen introduced squirrel species have been reported in 23
countries over five continents (Bertolino, 2009; Jessen ez al., 2010). Squirrels are successful
invaders as they combine a high reproductive potential with a high probability of establish-
ment even from only a few founding individuals (Palmer ez a/., 2007; Wood et al., 2007;
Bertolino, 2009). Several squirrel species are also able to inhabit modified and urbanized
habitats (Palmer ez al., 2007). Moreover, their charismatic appeal is a key attribute that
favors introduced squirrel invasions given that it promotes: 1) their introduction into new
areas, and 2) their protection by some social groups that oppose management actions. This
means that the species’ charisma should also be considered, together with its biological at-
tributes or association with humans, to analyse its invasive potential and evaluate any man-
agement action (Shackleton ez al., 2019; Jari¢ ez al., 2020). The well-studied case of the grey
squirrel (Sciurus carolinensis) introduced in Europe illustrates the reason of introduction,
its impact on native fauna and forest plantations, and also how social opposition prevented
the development of a timely control program, thereby enhancing its invasive potential (Ber-
tolino and Genovesi, 2003; Gurnell et 2/, 2004; Bertolino et al, 2014). The control or
eradication of such appealing animals may lack public support and hence requires specific
measures to gain social approval (Vane and Runhaar, 2016).

Asiatic tree squirrels of the genus Callosciurus have shown a particularly high likelihood
of establishment from only a few released animals (Bertolino, 2009). C. finlaysonii has been
introduced to Italy, Singapore and Japan, while C. erythraeus has established wild popula-
tions in Argentina, France, Hong Kong, Italy, Japan, and the Netherlands (Bertolino and
Lurz, 2013; Mazzamuto et al., 2016a). For a time, it was also found in Belgium, but it has
been successfully eradicated (Adriaens ez al., 2015). In addition to the pet trade, there were
intentional releases in public or private parks, or occasional escapes, which gave rise to these
wild populations. In all countries where these species have been introduced, only one or
two Callosciurus populations have established, with the exception of Argentina and Japan,
where several invasion foci are known for C. erythraeus (Benitez ez al., 2013; Bertolino and
Lurz, 2013; Guichén ez al., 2015, 2020).

Only two squirrel introductions have been reported in South America. The first case
was the introduction of the Pallas's squirrel (C. erythraeus) in Argentina (Fig. 1) (Aprile
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and Chicco, 1999), and the second case was the translocation within Peru of the Guayaquil
squirrel (Sciurus stramineus) to a site 500 km south of its original distribution (Jessen ez al.,
2010). In Argentina, 10 squirrels were imported in 1970 and were initially kept in a large
cage on a private ranch located in Lujin Department, province of Buenos Aires (Aprile and
Chicco, 1999). By 1973, some squirrels had escaped while others had been released, but
apparently only two to five squirrels founded the first wild population of C. erythraeus in
Argentina. After 31 years of slow spread, the invasion area in Lujdn occupied a region of
680 km? by 2004 (Guichén ez al., 2005), initiating a successful expansion process in the
Pampas (Guichén and Doncaster, 2008) that yielded 1,340 km? of invaded area by 2009
(Benitez ez al., 2013), which is still expanding.

Figure 1. Callosciurus erythraeus in Lujan, province of Buenos Aires, Argentina. Photo: F.A. Milesi.

C. erythraeus is a tree squirrel that inhabits tropical and subtropical evergreen and conifer
forests in its native range of south-east Asia. A wide variety of arboreal habitats have proved
to be suitable for this species, such as natural forests, fruit and timber plantations, and parks
and gardens in rural and urbanised areas. In Argentina, C. erythraeus inhabits both urban
and rural forested patches (Aprile and Chicco, 1999; Benitez, 2017), as was also reported in
Japan (Miyamoto ez al., 2004). Suitable habitats include woodlands (i.e., woodland patches
and wooded corridors) and urbanised areas (i.e., residential, suburban and urban settle-
ments) (Guichén and Doncaster, 2008; Hertzriken, 2021). These squirrels can use highly
fragmented forested patches in a matrix of non-suitable habitat (i.e., open areas with no
trees) (Guich6n and Doncaster, 2008; Bridgman ez a/., 2012; Benitez ez al., 2013).

C. erythraeus has highly arboreal habits; it nests in trees and feeds mainly on vegetable
matter obtained from trees and shrubs, both in native and introduced ranges (Lurz et al.,
2013). In Argentina, feeding and nesting are mainly associated with introduced trees and
shrub species, often used in commercial plantations, for shade, windbreaks or ornamental
purposes in rural and urban areas (Benitez, 2017; Zarco ez al., 2018). The dependence
of C. erythraeus on introduced trees as vital resources exemplifies how the success of one
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introduced species (i.e., C. erythraeus) can be facilitated by human-modified environments
and positive interactions with other introduced species (.¢., exotic trees and shrubs) (Bour-
geois et al., 2005; Grosholz, 2005; Meyerson and Mooney, 2007; Pysek and Richardson,
2010). Otherwise, these tree squirrels would not have successfully invaded the grasslands
of the Pampas ecoregion. At the same time, squirrels could engage in mutualistic interac-
tions that favor the regeneration of introduced trees, if viable seeds are deposited in suitable
conditions far from the parental plant (Vander Wall ez 4., 2005). The first studies on this
subject suggest that C. erythraeus may disperse seeds of introduced vegetation through en-
dozoochory and seed hoarding (Bobadilla ez 4l., 2016; Zarco et al., 2018).

Invasion pathways

Human-mediated biological invasions often involve the movement of individuals
following complex routes and multiple introduction events from different source popu-
lations (Signorile ez al., 2016). The range occupancy and expansion of C. erythraeus in
Argentina can be explained by a combination of one introduction event into the country,
followed by intentional translocations and releases within the country, and short and long-
distance dispersal of individuals. Once the first wild population of C. erythraeus established
in Lujdn Department, colonization of new areas resulted, in part, from individual dispersal
into new habitat at the invasion front. Tree lines, aerial cables and roofs are regularly used
by squirrels and may facilitate dispersal events among arboreal patches in fragmented land-
scapes. Individual dispersal plays a key role at the invasion front, determining the expansion
rate and size of an established population (i.e., non-human mediated dispersal, unaided
spread) (Guichén er al., 2020). However, the number and location of all invasion foci
is determined by human-mediated introduction (i.e., translocation events, aided spread)
(Guichén ez al., 2020).

Being a charismatic species that is also easy to capture and transport, C. erythraeus has
been intentionally carried and released into new areas within Argentina. The first invasion
focus that was established in the country subsequently functioned as a source of squirrels
that were translocated to other sites (Benitez et 4/, 2013; Guichén et al., 2015, 2019,
2020), as was corroborated by genetic studies (Gabrielli ez al., 2014). After the introduc-
tion of C. erythraeus in Argentina in 1970, no new squirrel releases were recorded within
the country until 1995, when two translocation-release events occurred at 42 and 85 km
from the original site of introduction (Guichén et al., 2020). Similarly, the introduction
events listed for C. erythraeus in Japan (Bertolino and Lurz, 2013) also indicated the occur-
rence of 17 new squirrel introductions or translocations after a lag period of approximately
20 years. In Argentina, this two-decade lag-phase until the onset of translocations within
national boundaries was followed by a constant increase since 1995 that resulted in a total
of 31 translocations, 27 of which involved released squirrels, while in the other four squir-
rels remained in captivity (Fig. 2) (Guichén ez al., 2015, 2020). Records from recent years
indicate that the rate of the known translocation events has doubled in comparison to
previous reports by Guichén ez al. (2015) and now yields 1.3 translocations per year be-
tween 1995 and 2018. The number of translocation events is surely underestimated as the
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Figure 2. Cumulative number of Callosciurus erythraeus translocation events recorded in Argentina (data include records
reported in Benitez et al., 2013; Guichon et al., 2015, 2020; Borgnia et al., 2019). We indicate the translocations that resulted
in successful (green) and failed (red) releases and those where squirrels remained in captivity (yellow). In those cases where
the translocation date was not obtained, we indicate the year of the first reported sighting of squirrels in the wild or the year
of the first interview confirming their presence or possession in captivity.

illegal transport of squirrels is difficult to document especially when individuals are released
within the same invasion focus, close to their capture site, as was reported by residents
(Borgnia, M., unpublished data).

The first and main invasion focus in the country (first order invasion focus centered
around Lujdn) is still the major source of individuals (26 out of 31 translocations) (Guichén
et al., 2020). Five translocations recorded between 1999 and 2018 involved individuals
captured in second order invasion foci, one of which originated a third order invasion
focus, while after the other four translocations squirrels were kept in captivity in houses
of private citizens (Fig. 2) (Guichén ez al., 2020). These squirrel translocations sometimes
involve illegal trade, but transport of squirrels with no commercial purposes is also fre-
quent. The introduction and subsequent translocation-release events of squirrels have usu-
ally been associated with private initiatives and/or wealthy families (Borgnia ez a/., 2013).
Squirrels are mostly released in ranches, parks, and forested and tourist areas. Five of the
27 translocation-release events failed, mostly related to individuals released in parks of the
city of Buenos Aires (4 of 5). However, a high success of translocation-release events within
the country (> 80%) is reflected by the 22 invasion foci that have now established in rural
and urban areas from the provinces of Buenos Aires, Cérdoba, Mendoza, Santa Fe and the
city of Buenos Aires (Benitez ez al., 2013; Guichén ez al., 2015, 2019, 2020; Borgnia e a/.,
2019; Coniglione and Zalba, 2019).

The translocation of squirrels into new areas is always related to their charismatic appeal
as an ornamental species to “enrich wildlife” or, less frequently, to keep them as pets that
usually escape or are finally released. The two-decade lag-phase in the establishment of new
invasion foci indicates the occurrence of a lag in the rate of invader appearance (Crooks,
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2005), which means that the onset of vector activity through translocation events took
several years (Guichon ez al., 2015). The new phase of squirrel translocations could be re-
lated to the increase in abundance of squirrels per se, but also to their popularity in a region
deprived of squirrels and with few diurnal wild mammals. This increase in availability and
in the awareness of its presence in the region may create positive feedback in the invasion
process.

Within a framework for biological invasion management (Ruiz and Carlton, 2003;
Pysek and Richardson, 2010), vector interruption consists of those actions designed to dis-
rupt and reduce the flow of propagules to the recipient environment. In this case, disrupt-
ing translocation would not only slow down the invasion of C. erythraeus, but also reduce
the illegal transportation of numerous species, either for economic profit or recreational or
aesthetic values (McNeely, 2001; Ruiz and Carlton, 2003).

Characteristics and impacts of the invasion

The social and ecological processes involved in the successful establishment of intro-
duced squirrel still need more studies, but at present, the propagule pressure hypothesis,
which enjoys broad consensus in invasion ecology (Lockwood ez 4l., 2005; Jeschke, 2014),
does not seem to play a particularly important role. Releases of 2 to 30 squirrels have initi-
ated several C. erythraeus invasion foci in Argentina (Benitez ez al., 2013; Guichén ez al.,
2015). On the other hand, the enemy release hypothesis (Heger and Jeschke, 2014) has
found some support (Gozzi ez al., 2020). An advantage due to the loss of parasites and
predators in the invaded community could favor squirrel survival and reproduction, result-
ing in high densities and further spread. Current studies on predation of C. erythraeus in the
Pampas will provide a better understanding of the anecdotal predation events by dogs, cats
or raptors recorded to date (Benitez, V., unpublished data). Parasitological studies also con-
ducted in Argentina have shown that high density squirrel populations have low prevalence
of only a few parasite species that have been acquired in the new ecosystem (Gozzi ez al.,
2013a, 2014, 2020). No specific parasites are known to have been introduced together with
the squirrels, but new interactions with local parasites are already in progress (Gozzi, 2015;
Gozzi et al., 2020).

It is well known, though, that the introduction of a new species may result in the in-
troduction of novel diseases in the new environment or in a new role in the epidemiology
of diseases already present in the invaded community. Zoonotic studies of C. erythraeus in
Argentina yielded positive results for Leptospira interrogans in kidney samples (Gozzi et al.,
2013b). This is the first time that this species has been reported to be a renal carrier of L. in-
terrogans and indicates that it could be involved in the epidemiology of leptospirosis (Gozzi
et al., 2013). Therefore, introduced populations of C. erythraeus could increase the preva-
lence of leptospirosis and the risk of contagion to humans and other wild and domestic ani-
mals, particularly taking into account that they inhabit rural and urban areas, nest close to
or within houses (e.g., in roofs), and are caught and handled due to their charismatic appeal.

Other concerns regarding the presence of C. erythraeus in rural and urban areas relate
to their impact on fruit and timber production and services, due to fruit consumption,
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debarking, and damage to irrigation systems and cables, respectively (Guichén ez al., 2005;
Pedreira ez al., 2017, 2020). As mentioned before, squirrels could favor the dispersal of vi-
able seeds of introduced trees and shrubs, which in turn provide them food throughout the
year (Bobadilla ez al., 2016; Zarco et al., 2018). The continued spread and persistent trans-
locations of squirrels into new areas increase the risk posed to the conservation of native
biodiversity and ecosystems in Argentina, as this species will likely invade protected areas
in the near future, where vulnerable species could be affected. Predation of native bird nests
by C. erythraeus has occasionally been reported in Argentina (Pereira et al., 2003; Zarco
et al., 2018); however, nest predation would not be the main mechanism involved in the
negative effect on bird species in the Pampas (Messetta ez al., 2015). A trend in lower bird
abundance and richness was found in sites with squirrels in comparison with non-invaded
sites, and this outcome was probably related to increased competition or perceived preda-
tion risk, though results were not conclusive (Messetta et a/., 2015). A major concern of
the potential impact of C. erythraeus on native species relates to its probability of establish-
ment in the subtropical forests of Argentina, where it would enter into direct competition
with native tree squirrels Guerlinguetus brasiliensis and Notosciurus pucheranii (Cassini and
Guichén, 2009).

The present and potential impacts caused by C. erythracus raise awareness of this prob-
lem for the people that either face damages to their production, property or services and
also for those concerned with environmental problems and the ecological consequences
of biological invasions in general. However, opinions and attitudes towards these squirrels
range from negative (conceiving them as a harmful species that needs to be controlled) to
positive (viewing them as an attractive species to be valued and protected) (Borgnia ez a/.,
2013). Personal experience with the species, its attributes, the time since its introduction
in the area, and knowledge of the problems caused by this species, all affect the opinions
and attitudes towards the presence of C. erythraeus in the Pampas (Borgnia ez al., 2013).
Residents of Jduregui town, where squirrels have been established for five decades, show the
whole range of responses, but at present the image of this introduced squirrel is used in wall
school murals, town symbols, and even illustrating the message “protect the environment”
promoted by local entities (Fig. 3). Therefore, this is an example of clear cultural acclima-
tization, where this species has become part of the local natural heritage, and it has been
added to the cultural values of local stakeholders and institutions, as a symbol of the town,
shifting the cultural baseline (Pfeiffer and Voeks, 2008; Beever ez al., 2019). Now, this in-
troduced squirrel could be classified as a culturally-enriching invasive species (Pfeiffer and
Voeks, 2008), as has occurred with other well-known cases of introduced invasive species
that are used to attract tourism and are associated with the identity of some Argentine re-
gions (e.g., salmonids, red deer Cervus elaphus, and sweetbriar Rosa rubiginosa in Patagonia)
(Speziale ez al., 2012; Relva et al., 2014).

In the last decade, the cultural impact of introduced species has become acknowledged
as another consequence linked to biological invasions (see Anderson and Pizarro, this vol-
ume). Invasive species affect both biological and cultural systems, and therefore under-

standing these links and processes will help to better conserve our collective biological and
cultural heritage (Pfeiffer and Voeks, 2008). In this context, Speziale ez al. (2012) described
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Figure 3. Iconicimages of C. erythraeus in Jauregui (Lujan Department, province of Buenos Aires), the town where the species
was introduced in 1970. The images show: a. sign with the legend “protect the environment;” b-d-e. artistic representations
and murals in street walls and a bus-stop in the town; c. the winner entry for the town logo in a local design contest. (Photos:
M. Borgnia, V. Benitez, and C. Tuis).

a shifting baseline in South America in the form of generational amnesia, which explicitly
relates ecological knowledge extinction with the lack of awareness of past biological condi-
tions by younger generations (Papworth ez a/., 2009). Therefore, changes in the surround-
ing environment are not truly acknowledged and new generations get to know, interact and
value the species now present in their natural and urban surroundings, ignoring the loss
or replacement of species due to introductions (Speziale ez al., 2012; Beever ez al., 2019).
Shifting baseline syndrome, as generational amnesia, is being considered a key issue for con-
servation given that it could influence participatory monitoring, local ecological knowledge
and community-based conservation (Papworth ez 4/, 2009). It must, therefore, be taken
into account in any communication strategy that aims for community-based monitoring
and conservation actions.
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Present situation

The current distribution of C. erythraeus in Argentina lies mostly within highly mod-
ified rural and urban areas. At present, the invasion site of highest conservation concern
is the one located close to the Parand River Delta and several protected areas, such as the
Parque Nacional Ciervo de los Pantanos. This region sustains unique and biodiverse marsh-
lands and riparian forests, composed of both temperate and subtropical flora and fauna
(Malvirez et al., 1999). Also, timber and fruit plantations, which could be negatively af-
fected by debarking and fruit consumption, are important economic activities in the Lower
Delta Region. Urgent actions, therefore, are needed to prevent the invasion of C. erythraeus
into such areas of high conservation value. A collaboration strategy among local NGOs,
governmental agencies, protected areas, research groups, residents, local producers and
other stakeholders should work together with the goal to: 1) create an early alert network,
2) monitor squirrel spread, 3) work together in the communication of the problem to
reduce translocations, and 4) facilitate rapid response actions in the invasion front near
protected areas (e.¢g., management actions in buffer zones). Such an initiative was first pro-
moted by the Universidad Nacional de Lujdn and then proposed under the framework of
the Global Environment Facility (GEF) project for the Argentine National Invasive Exotic
Species Strategy (GEF GCP/ARG/023/GFF) that included a subproject specifically related
to introduced squirrels (Guichdn ez al., 2020). This initiative focused on the problems
posed by introduced squirrels as an example of an ornamental species or a pet and it was
mainly focused on communication, education and legislation. A key challenge of this proj-
ect was to have a long-lasting effect, and consequently all guidelines must be incorporated
into long-term ongoing projects of each institution, organisation or governmental agency,
according to their own capacities and objectives.

The invasion process of C. erythraeus has a strong social component, and therefore, early
public engagement and open, responsive communication are key aspects of any manage-
ment plan that should be built using a participatory approach and taking into account the
local social dimension (Crowley ez al., 2017a, 2017b; Novoa ez al., 2017; Jari¢ ez al., 2020).
Traditional approaches of public education and top down, unidirectional communication
can lead to destructive conflict (Crowley et al., 2017b). In turn, environmental percep-
tions together with emotions and past behavior can all influence community engagement
in conservation initiatives (Carrus ef 2., 2008). The new relationships between people and
introduced species are major conservation challenges that need strategies accounting for
participation of interdisciplinary teams and different social groups (Witmer ez al., 2009).
Engagement in conservation activities can increase when emotional experiences are ad-
dressed (e.g., joy for nature and appreciation of native fauna) and may complement mes-
sages more focused on cognitive contents (Carrus ez al., 2008), provided honest messages
are delivered and feedback is welcomed (Crowley ez al., 2017b). Therefore, in the case of
introduced squirrels, better communication may promote appreciation of local ecosystems
and native species and illustrate the link between charismatic introduced species, such as
C. erythraeus, and responsible pet ownership together with wildlife illegal trade. This would
promote the discussion of various aspects of the C. erythraeus invasion, its history, impacts,
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risks and also its appeal as an opportunity to build from their own experience and broaden
the view on the subject.

Management plans to control or eradicate introduced squirrels in European countries
have been implemented for S. carolinensis and Callosciurus species (Chapuis ez al., 2014;
Adriaens et al., 2015; Bertolino et al, 2016; Mazzamuto et al., 2016b). Lessons learned
from these management plans reinforce the importance of long-term commitment and
funding, of cooperation among various institutions (governmental dependencies, conserva-
tion organizations, scientific units), stakeholders and the local community with clear roles
stated from the beginning, of a clear communication strategy at a local scale, of easy access
to information, and of adaptive management according to technical results and community
response (Chapuis ez al., 2014; Adriaens et al., 2015; Bertolino et al., 2016; Vane and Run-
haar, 2016; see also Scorolli, this volume). Successful eradication of a small C. erythracus
population in Belgium was achieved in 2011 (Adriaens ez al., 2015), while management
plans were initiated in France (Chapuis ez al., 2014), Italy (Mazzamuto et al., 2016b), Japan
(Yasuda, 2015) and the Netherlands (Schockert, 2012) between 2010-2012. Until recently
the only control actions conducted in Argentina were implemented by local residents, us-
ing sporadic lethal trapping or shooting in response to damage in timber and fruit planta-
tions or property, usually with no formal authorization. In 2021, a proactive management
program was initiated in the invasion focus located in Tupungato, Mendoza province, or-
ganized and funded by the provincial government in coordination with national and local
authorities, and technical advice and training by researchers of the Universidad Nacional de
Lujian (DRNR, 2021; Benitez, V., unpublished data).

The road ahead

Once an introduced species has been established in a country, there is a high risk that
it will be translocated-released to nearby regions, increasing its spread and turning control
or eradication more difficult. This is particularly true for charismatic species, as shown by
the repeated translocations of C. erythraeus in Argentina (Fig. 2) and in Japan (Miyamoto
et al., 2004), and also of S. carolinensis in Europe (Signorile ez al., 2016). In the context
of the worldwide scenario of deliberate importation of squirrels (Bertolino, 2009), strong
regulations regarding explicit prohibition of further introductions, translocations and trade
of squirrels are needed. Squirrels have an innate appeal to humans and can be found in pet
shops, markets and online commerce, or obtained from residents of other invaded areas.
For this reason, the pet trade must be considered a high-risk pathway for new introductions,
and preventive actions therefore should focus on communication and on a legal framework
to regulate the import, commerce and keeping of squirrels (Bertolino ez al., 2013; Guichén
et al., 2020). In theory, intentional releases and escapes should be the most straightforward
actions to monitor and regulate, but in practice there is still a need to reinforce the devel-
opment of legislation and the use of information on trade and transport vectors to reduce
invasions (Meyerson and Mooney, 2007; Hulme ez al., 2008). Moreover, the polluter-pays
principle, where the agent responsible for illegal escapes/releases pays the costs of recapture,
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eradication and control (Hulme ez /., 2008), would be a desirable concept to include in
the new regulations.

A comprehensive risk assessment to ban trade and keeping of C. erythraeus in Belgium
is now available (Schockert, 2012) as a preventive measure to reduce the risk of establish-
ment of this species (Adriaens ez al., 2015). Dijkstra ez al. (2009, 2011) recommended a
ban regarding this and other harmful introduced squirrels in the Netherlands, resulting
in the prohibition of the commerce and keeping C. erythraeus, S. carolinensis and S. niger
in this country since 2012 (Schockert, 2012). In the same year, the updated EU Wildlife
Trade Regulation (#338/97/EC, Implementing Regulation #757/2012) suspended the in-
troduction of live specimens of these three species in the European Union (EU), based on
the threat they represent to native species and ecosystems (Adriens ez al., 2015). In 2013,
Italy forbade selling, raising and keeping these three squirrel species (Bertolino ez al., 2013).
Finally, C. erythraeus has been added to the list of introduced invasive species of EU concern
(EU Regulation #1143/2014) on the basis of risk assessment and scientific evidence with
the aim to address the problem of biological invasions in a comprehensive manner and to
minimize effects on native biodiversity and ecosystem services, human health and economic
impacts (Bertolino ez al., 2016). This exemplifies how national and regional regulations can
complement each other to provide an adequate framework to deal with introduced invasive
squirrel species.

Regulatory norms should adapt to local-regional necessities and realities because path-
ways can be idiosyncratic and reflect specific attributes of the species and the invaded area
(Hulme ez al., 2008). Under the framework of the Argentine National Invasive Exotic Spe-
cies Strategy, a risk assessment protocol was developed to be used before the importation of
any species. This instrument was shared with national and provincial governmental agencies
and made compulsory to prevent importing new invasive species. For introduced squirrels,
specific legal tools regarding their import, capture, trade, keeping and release (Gozzi ez /.,
this volume) intend to slow down their spread and provide a legal framework to implement
management actions. In addition, voluntary best practice codes for pet trading/keeping,
also elaborated under the Argentine National Invasive Exotic Species Strategy (Zalba, S.,
personal communication), can facilitate the commitment of veterinarians and pet shop
owners to responsible pet keeping.

Social perceptions, attitudes and actions towards charismatic introduced species play a
key role in the creation of new invasion foci. Therefore, the human dimension related to in-
troduced squirrel species must be seriously taken into account to understand the process of
invasion and decide management actions (Jacobs ez al., 2014; Estévez ez al., 2015; Crowley
et al., 2017b). Communication linking biological invasions, illegal trade of wildlife and re-
sponsibility in the pet trade/keeping should reach a broad public and should be responsive
to concerns raised by residents, although a special effort should be made to reach veterinar-
ians and pet sellers (Episcopio-Sturgeon and Pienaar, 2020). Easy access to informed guide-
lines about the potential consequences and legal issues of releasing exotic species would
prevent some people from buying and/or releasing these species into the wild when they
cannot keep them as pets any more or with the purpose of enriching local wildlife. In this
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and other conflicts between socioeconomic and conservation interests, it is recommended
to offer alternative solutions instead of only informing prohibitions (Carrete and Tella,
2008). The message that wildlife species are not pets could be accompanied by examples of
adequate pet species and of other ways to observe, value and enjoy wildlife. A clear message
of positive/negative outcomes of concrete actions should alert about the responsibility that
every citizen and pet owner has on the consequences of these actions and should offer com-
munication channels for questions and unexpected situations.

When prevention fails, the best response would be to evaluate the need and feasibility
of an early warning-rapid response (Pysek and Richardson, 2010; Simberloff, 2014). Early
detection and rapid removal of introduced animals before the establishment of large popu-
lations are essential actions. A monitoring network could be built using a citizen science
approach (Ricciardi ez al., 2017) that may be suitable for the case of introduced squirrels
(Bertolino ez al., 2016). In fact, an early alert network to collect information from residents
that observe squirrels in new sites has been promoted in Argentina by the Universidad Na-
cional de Lujdn. It was then fostered under the Argentine National Invasive Exotic Species
Strategy and is currently active as a collaborative project, using the Argentine web portal
of the iNaturalist citizen science platform (https://www.argentinat.org). However, there is
still a need to build capacity to have a contingency plan to eradicate squirrels when they
are still in low numbers and in relatively small areas isolated from other invaded areas. Part
of the challenge resides in making the political decision to implement a management plan
to tackle a problem that is not considered urgent at present and that may raise strong op-
position from the community. Governmental agencies face pressing problems, have limited
budgets for ongoing programs, and are sensitive to public opinion. As a result, they are
reluctant to invest in these kinds of preventive actions unless a clear negative impact is
foreseen (e.g., squirrel damage to fruit production in a key area for regional farmers in the
province of Mendoza). This is an example of spatial and temporal scale mismatch between
ecological potential damage, cultural attachment to a new species and management incen-
tive (Beever ez al., 2019).

In areas where C. erythraeus has already established large populations, managers should
promote cooperation and constructive debate to develop less conflict-prone actions (Crow-
ley et al., 2017b). For invasive animals, particularly charismatic species, lack of public
support derives mainly from moralistic value disagreements (Novoa et al., 2017). Envi-
ronmental perception, emotions and personal experiences, either positive or negative, all
influence the willingness to engage in or support pro-environmental actions, such as re-
duction of the capture-transport of squirrels and approval of management actions (Carrus
et al., 2008; Borgnia et al., 2013). Citizens' engagement is critical to achieve broad com-
mitment to modify behaviors with positive/negative ecological consequences. In Lujdn,
where introduced squirrels were first released five decades ago, a municipal regulation was
sanctioned in 2011 in response to a project presented by a local school. Teachers of this
school had previously participated in workshops organised by the Universidad Nacional
de Lujén, exposing the problem of C. erythraeus as a regional example of the link between
biological invasions, illegal wildlife trade and pet keeping. This exemplifies how working
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with various stakeholders promotes citizen engagement and can have a multiplying effect. A
wide spectrum of social actors, NGOs, governmental dependencies, national and regional
institutions, and education institutions are needed to engage in education, communication,
prevention and management, each working from their social/political role and responsibil-
ity. Specific guidelines for education in schools and broad communication in Argentina
have been produced under the scope of the Argentine National Invasive Exotic Species
Strategy (FAO and MAyDS, 2017; FAO and SAyDS, 2018). In each invasion focus, it is
important to identify key partners that are relevant in a local-regional level, such as local
NGOs or the Administracion de Parques Nacionales when the invasion is close to a pro-
tected area, and local farmers associations and agricultural institutions when commercial
production could be damaged.

The invasion foci of C. erythraeus recorded in Argentina differ in the range occupied by
squirrels and their abundance, and can be placed at different stages of the invasion process
(Blackburn ez al., 2011), which also should be taken into account to establish management
priorities based on biological, economic, social and political issues (Guichén ez al., 2015,
2020). The social-ecological context of each region is different and so are the times elapsed
since introduction and the bonds developed with the squirrels. Public awareness increases
support for invasive species management (Novoa ez a/., 2017). Residents' support and en-
gagement could be developed in invasion foci located in rural areas, while opposition to
control actions usually is stronger in tourist and urban areas (Borgnia ez a/., 2013). As stated
before, a strong limitation is the lack of political commitment to implement a management
program, which results in inaction and indecision, with the exception of the recently initi-
ated management plan in Mendoza province. Localized control actions could be taken in
the short-term, following priority guidelines to select areas where urgent actions are needed
and the biological, social, political and economic conditions are met. The recent manage-
ment program and any new control action will not only reduce squirrel impact in priority
areas, but will provide valuable insight to test methods and the commitment of all insti-
tutions, organizations and groups involved. Evaluation of these results and actions using
an adaptive management framework will increase their success (Richardson ez al., 2020).
Interdisciplinary work and community-based, pro-active environmental commitment are a
promising road to tackle this complex socio-ecological conservation problem.
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Abstract. Hunting is an ancestral human practice to obtain food. However, in recent times, it has
become a highly lucrative economic activity and is a potential conservation tool to control popula-
tions of introduced invasive species. Ironically, though, hunting is also one of the most important
drivers of mammal introductions around the world. Between the 19th and 20th centuries, at least
25 species of mammals from Europe and Asia have been introduced in game reserves in Argentina.
After subsequent escapes and translocations, eight species of the introduced mammals now have wild
populations outside these game reserves. Many have also become invasive, causing negative impacts
to native biodiversity, economic activities and human health. These outcomes show that hunting
reserves represent a source of introduced mammals, and that the lack of regulations and compliance
with laws on hunting activities in the country is problematic. On the other hand, hunting on public
lands, such as national parks, requires combining efforts between scientists and managers to improve
legislation and management of these species in protected areas, where financial and organizational
constraints may limit the scope and effectiveness of conservation actions. For example, in Argentina,
two control programs provide successful experiences of carrying out inter-institutional participation
between local residents, scientists and stakeholders: a short time hunting program to control red deer
in Parque Nacional Lanin and a long-time hunting program to control wild boar in Parque Nacional
El Palmar. Given the multi-faceted social, economic, health and ecological impacts of introduced
invasive mammals, it is important to update, apply and reinforce the regulation of hunting activities,

as well as consider hunting as a tool for the management of introduced invasive mammals.

Resumen. La caza es una prictica humana ancestral que se originé para buscar alimento, pero que

en tiempos recientes se ha convertido en una actividad altamente lucrativa, también utilizada para
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reducir o controlar poblaciones de animales plaga, e incluso con fines de conservacién para proteger
especies en peligro de extincién. La caza, ya sea para obtener alimento o como actividad cinegética, es
uno de los motivos mds importantes en todo el mundo de la introduccién de mamiferos fuera de su
rango nativo. Principalmente desde el inicio del siglo XV con las incursiones desde Europa para ex-
plorar y descubrir nuevas tierras, muchos animales de trabajo (p.ej. caballos) y cria (p.ej. cerdos) fue-
ron transportados e introducidos a nuevas regiones alrededor de todo el mundo. M4s recientemente,
la actividad cinegética se ha convertido en uno de los vectores mds importantes de la introduccién de
mamiferos en todos los continentes. Esto ha ocurrido en Sudamérica entre principios del siglo XIX
y finales del siglo XX, y especificamente en Argentina donde al menos 25 especies de mamiferos han
sido introducidas, principalmente desde Europa y Asia.

Si bien estos mamiferos fueron destinados inicialmente a condiciones confinadas en cotos de
caza, campos o reservas privadas, los posteriores escapes y translocaciones de animales han provo-
cado que actualmente Argentina cuente con ocho especies de mamiferos introducidos con interés
cinegético (antilope negro: Antilope cervicapra, ciervo axis: Axis axis, bufalo de agua: Bubalus arnee
bubalis, ciervo colorado: Cervus elaphus, ciervo dama: Dama dama, liebre europea: Lepus europaeus,
conejo europeo: Oryctolagus cuniculus, y jabali: Sus scrofa) con poblaciones silvestres. Muchas de estas
especies son consideradas especies invasoras que provocan impactos sobre la biodiversidad nativa, las
actividades productivas y la salud humana.

El elevado ntimero de establecimientos registrados para actividades cinegéticas (>112) distribui-
dos en gran parte del pais, presupone un potencial y latente foco de escape de mamiferos teniendo
en cuenta el escaso control y falta de regulaciones en torno a esta actividad. Dichas regulaciones son
muy dispares entre los gobiernos provinciales y responden en ocasiones al interés y presiones de di-
ferentes sectores involucrados, por ejemplo, estableciendo cupos al niimero de animales cazados en
especies de mamiferos introducidos consideradas como invasoras (e.g., liebre europea). Muchas de
estas especies, a partir de los primeros escapes (intencionales o accidentales) desde establecimientos
cinegéticos o campos privados, se han dispersado rdpidamente (e.g., jabali, conejo, liebre), inva-
diendo nuevos ambientes y alterando la dindmica de estos ecosistemas, afectando asi las interacciones
entre especies, compitiendo con especies nativas por recursos, reduciendo la cobertura y riqueza de
especies vegetales, siendo vectores de enfermedades y facilitando la invasidn de otras especies.

La caza deportiva es una actividad permitida en algunos sectores de dreas protegidas de Argentina
como los Parques Nacionales Nahuel Huapi y Lanin, donde la caza de ciervo colorado es regulada
por la Administracién de Parques Nacionales (APN), emitiendo y cobrando los permisos de caza,
estableciendo cupos y fechas de caza. En 1986 la APN definié politicas de manejo para que la caza
deportiva se desarrolle en el contexto del manejo de poblaciones de ciervo colorado. En este sentido,
el gobierno consideré que la caza deportiva puede ser una herramienta aceptable para lograr los ob-
jetivos de conservacién de la biodiversidad, brindando oportunidades de caza, aplicada en el marco
de un manejo y control poblacional.

El manejo poblacional a partir de la aplicacién de caza deportiva y caza de control combinadas
fue hasta el momento pobremente aplicada, o por cortos periodos de tiempo, principalmente en el
Parque Nacional Lanin (PNL), ademds de en los Parques Nacionales Nahuel Huapi (PNNH), Lihué
Calel, Los Alerces y Lago Puelo. Resulta indispensable que, con la vasta informacién generada sobre
la especie y sus impactos en estos tltimos afos, el manejo del ciervo colorado se lleve a cabo en fun-

cién de las condiciones de la poblacién (proporcién de sexos, rangos de densidad) y en relacién con
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los objetivos de conservacién de la biodiversidad amenazada por esta especie invasora, y no con el
foco exclusivo en la caza de trofeos.

La caza, como se destacé anteriormente, también ha sido implementada en tiempos modernos
con fines de control y conservacién. En el Parque Nacional El Palmar (PNEP), el jabali y el ciervo
axis son dos mamiferos introducidos que han proliferado notablemente en el 4rea provocando im-
pactos negativos sobre la biodiversidad. En particular, la depredacién del jabali sobre renovales de
palmera yatay Butia yatay (valor de conservacién: emblema del 4rea protegida) motivé la implemen-
tacion de un plan de caza control para los mamiferos invasores en el parque nacional con el objetivo
de reducir sus impactos y disminuir sus poblaciones. Formalmente desde 2006 a la actualidad se
ha implementado este plan de control, principalmente aplicando caza desde apostaderos elevados
utilizando un cebadero. Uno de los aspectos mds sobresalientes del plan, ademds de su continuidad
en el tiempo y el éxito reduciendo las poblaciones de jabali, fue la incorporacién de cazadores de las
comunidades vecinas, muchos de los cuales anteriormente ingresaban al parque a cazar de manera
furtiva. Estos cazadores, ahora controlados y regulados por las autoridades del PNER, colaboran
activamente con el plan de control, reforzando asi las relaciones entre los sectores involucrados en el
manejo de mamiferos invasores de la regién.

La implementacién de la caza en tierras publicas es compleja y requiere una articulacién entre
cientificos y gestores para mejorar la legislacion y la gestién relacionada con las dreas protegidas y las
especies introducidas. Sumado a esto, las capacidades econémicas y organizativas de las dreas protegi-
das muchas veces limitan el logro de un manejo integral y eficiente de los mamiferos invasores con un
enfoque cooperativo para perseguir multiples objetivos que satisfagan a los diferentes actores sociales.

La caza representa a nivel mundial una actividad altamente lucrativa, que ha funcionado como
vector de la introduccién de mamiferos en todo el mundo. Argentina sufre actualmente las conse-
cuencias de este fenémeno con la invasién e impacto de especies que afectan negativamente la bio-
diversidad nativa, las actividades productivas y la salud humana. Es importante actualizar, reforzar
y aplicar las medidas de control relacionadas con la regulacién de las actividades cinegéticas en el
pais y, por otro lado, considerar seriamente la caza control —delineada con un estricto marco de
participacién interinstitucional— como una herramienta para la gestién de mamiferos introducidos.

Sport hunting in the world and Argentina: socio-economic importance

Hunting is the practice of searching or lying and waiting for animals with the intent
of killing them. It has been used by humans to obtain food since prehistory. However, in
Western culture, hunting can also imply a sport or recreational activity. Plus, it has been
used to reduce or manage over-abundant animal populations (i.e., “pests” or introduced
invasive species) and their impacts (Jeschke and Strayer, 2006; Bengsen and Sparkes, 2016).
Globally, hunting now represents an extremely lucrative business, but it also creates incen-
tives for native wildlife conservation. In Africa, hunting can play an important role in
the conservation of some endangered species and in the rehabilitation of wildlife areas.
For example, income generated by trophy hunting has helped to recover white rhinoceros
(Ceratotherium simum) populations in South Africa and restore its habitat in Mozambique
(Lindsey ez al., 2007). However, hunting gets more complex when involving the introduc-
tion of species, which represents one of the greatest agents of transformation of native
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ecosystems (Simberloff ez al., 2013). For example, in North America, successful mammal
introductions (and their associated ecological and economical costs) are mostly linked to
the hunting industry (Pimentel e# al., 2005; Jeschke and Strayer, 2000).

Table 1. List of species offered for sport hunting in Argentina, indicating origin (Af= Africa, As=Asia, E=Europe, N=North
America, C=Central America, S=South America) and population status at present as free-ranging populations (FRP) or con-
fined populations (CP).

Scientific name Common name Origin FRP CcP
Antilope cervicapra blackbuck As X X
AXxis axis axis deer As X X
Bubalus arnee bubalis water buffalo As X X
Capra hircus wild goat As X
Capra ibex Alpine ibex E X
Cervus elaphus red deer E, As X X
Dama dama fallow deer E, As X X
Elaphurus davidianus Pere David's deer As X
Hemitragus jemlahicus Himalayan tahr As X
Lepus europaeus European hare E X

Oryctolagus cuniculus European rabbit E X X
Ovis aries Texas dall N X
Ovis aries Dorset sheep E X
Ovis aries Scottish blackface sheep E X
Ovis aries Somali sheep Af X
Ovis aries orientalis mouflon sheep As, E X
Ovis dalli Dall's sheep N X
Ovis orientalis musimon European mouflon E X
Sus scrofa wild boar E, As X X

Several reasons explain this observation of successful introductions, including the desir-
ability of mammals as useful in food provisioning, animal husbandry, pets, animal assis-
tance (e.g., for farming), hunting, pest control, and transportation (Long, 2003; Hoddle,
2004; Forsyth ez al., 2013; Tedeschi et al., 2021). From all fauna introduction, mammals
are the group with most species' introductions at global level (Blackburn ez a/., 2017). His-
torically, mammal introductions have been especially prominent in countries where native
mammal fauna was non-existent or scarce (e.g., oceanic islands Long, 2003); where the
European colonists were unfamiliar with the endemic species to be effectively used in the
agricultural or livestock systems (e.g., Australia, Long, 2003, and South America, Ballari
et al., 2016); or where there was a perception by colonists that the faunal assemblage needed
to be “improved” (Estévez ez al., 2015; Archibald et al., 2020).
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In southern South America, mammals were mainly introduced for hunting purposes
(food or sport hunting) between the late 19th and early 20th centuries (Ballari ez 4/, 2016).
Specifically, in Argentina, at least 25 mammal species were brought mainly from Asia and
Europe (Table 1). Many of them adapted and invaded most of the country's territory
(Navas, 1987; SAyDS and SAREM, 2019). Only a handful species did not prosper and
were unsuccessful at invading for various reasons (e.g., lack of adaptation, extreme weather,
etc.) (Table 2). Most of these introduced mammals to Argentina are found within private
game hunting reserves. There are at least 112 registered shooting or game reserves, most of
them located in the central provinces of La Pampa, Cérdoba, Neuquén, and Buenos Aires
(MJyDH, 2019). These game reserves represent a latent source of potential new escapes or
intentional releases that are a pool of future invasive mammals. Therefore, they are also of
great importance for invasive species management and planning.

Table 2. List of mammals introduced in Argentina for sport hunting that were not successful, indicating origin (Af=Africa,
As =Asia, E=Europe, N=North America, C=Central America, S=South America).

Scientific name Common name Origin
Ammotragus lervia aoudad, or Barbary sheep Af
Bison bonasus European bison E
Cervus elaphus canadensis elk, or wapiti N, As
Odocoileus virginianus white-tailed deer N,C S
Rangifer tarandus reindeer, or caribou E
Rupicapra rupicapra Alpine chamois E

Many of the introduced mammals in Argentina are known to cause negative impacts
on native ecosystems (Novillo and Ojeda, 2008; Sanguinetti ez al., 2014; Valenzuela ez /.,
2014; Ballari ez al., 2016). The reported damages include changes in plant and animal
communities due to overgrazing (Relva ez al., 2010; Barrios-Garcia ez al., 2012), predation,
competition (Ballari ez @/, 2015a), and disease transmission (Flueck and Smith-Flueck,
2012). Below, we will discuss the negative impacts of invasive mammals in more detail, but
importantly, the biological consequences of introduced mammals have stimulated scientists
and managers to understand their biology and assess their ecological and economic impacts
to manage their populations (Pysek and Richardson, 2010, Simberloff ¢z /., 2013; Valen-
zuela et al., 2014; Tedeschi ez al., 2021).

The fact that many introduced mammals represent a concomitant economic resource
raises conflicts of interest where biodiversity conservation could be threatened. Indeed,
introduced invasive mammals that are also game species are sometimes actually protected
by laws and protected areas, such as establishing quotas and hunting periods with the aim
of maintaining and improving populations (Sanguinetti e# al., 2014; Speziale ez al., 2014).
In addition, game species sometimes represent a valuable socio-economic resource in rural
areas (Jackson, 1988), where profit from the hunting industry (e.g., hunting permits, tourist
accommodation, local guides) represents an important business. These hunting businesses
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and their incentives can conflict with conservation goals, such as when hunters seek to im-
prove trophies by maintaining long-term populations, rather than controlling them in the
short-term (Sanguinetti ez a/., 2014). Unfortunately, in Argentina there are many problems
associated with the hunting industry, including ineffective control and enforcement of laws,
and limited benefits flowing to conservation.

Hunting policy framework

An adequate legal framework is extremely important to solve environmental prob-
lems. In Argentina, there are several national-level laws that regulate the use and conser-
vation of natural resources. However, the national constitution devolved the rights and
responsibilities over natural resources to each province, where national-level policies are
only valid if the provincial governments adhere to them.

The most important law related to wildlife conservation at the national level (National
Law #22241) includes relevant aspects for introduced species management and control in
Argentina. This law establishes the protection of wild fauna, without specific reference to
their origin, taking into account individuals that live free and independent from humans,
those that live in captivity or semi-captivity, and those that originally were domesticated
and then became feral (Article #3). This law also regulates the importation, introduction
or establishment of animals that can alter the ecological balance or affect economic activi-
ties (Article #5) and the release of captive animals without prior agreement of the corre-
sponding authority (Article #6). These last two articles have vital importance in the species
introduction processes in Argentina. Although it has not been documented conclusively,
Article #6 has likely been violated on numerous occasions, contributing to the spread of
introduced mammal species in much of the national territory. Specifically, regarding the
impacts of introduced species, Resolution #376/97 (Ministerio de Ambiente y Desarrollo
Sostenible) establishes that an environmental impact assessment is mandatory prior to the
introduction of new species. The resolution even includes general guidelines for standard-
izing the procedure. Unfortunately, almost all game species introductions in Argentina oc-
curred prior to this resolution in 1997.

Each year, the office that manages each province's natural resources determines the
length of hunting seasons and the number of individuals that can be obtained for each
authorized species (e.g., Bulletin of La Pampa province and Article #16, Law #22421). In
general, hunting is not allowed between June/July to March, which includes the reproduc-
tive period, without distinguishing whether species are native or introduced. In addition,
the quota of hunted animals allowed varies among provinces and game reserves. On occa-
sions, this type of regulation tends to protect and promote the development of populations
(both native and introduced), and hence does not take into account the negative impacts
that introduced species may have on native ecosystems. This is more relevant when hunting
quotas are established for introduced species with high reproductive rates, such as the Euro-
pean hare (Lepus europaeus) or the wild boar (Sus scrofa). Indeed, the resolution for hunting
in Argentina (National Decree #666/97), which regulates the conservation of wild fauna,
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establishes the classification of species into four categories of hunting, including for sport,
commercial activities, control (of harmful species), and scientific, educational or cultural
reasons (Article #12). Again, this resolution does not emphasize the distinction between na-
tive and introduced species, including the section “Integrated Control of Harmful Species”
(Articles #19 and #20). In this case, when the regulatory frameworks from the provincial
and national levels are considered together, it becomes clear that there is an incoherent phil-
osophical and theoretical approach to native and introduced species, which complicates the
definition of effective management and control strategies for introduced invasive mammals.

Lastly, the Ministerio de Ambiente y Desarrollo Sostenible de la Nacién coordinated the
elaboration and implementation of the project “Strengthening of Governance for the Pro-
tection of Biodiversity through the Formulation and Implementation of the National Inva-
sive Exotic Species Strategy” (GCP/ARG/023/GFF). This project was financed by Global
Environmental Facility (GEF) and assisted by the United Nation's Food and Agriculture
Organization (FAO). The strategy's main objective is to reduce the impact of introduced
species on biodiversity, but also proposes the improvement of socioeconomic benefits, cur-
rent and future conservation and sustainable use of biological diversity (i.e., natural re-
sources and ecosystem services) (SNEEI, 2017). The initiative is based on consensus with
different public and private organizations to have an efficient prevention, early warning,
control and monitoring system at country level, with coordinated and planned actions,
as well as consistent and effective communication to prevent further introductions and
expansions.

Consequences of game introductions

Intentional releases, lack of control and poor fence structures of hunting reserves al-
low accidental animal escapes and subsequent establishment of feral populations. Indeed,
all invasive ungulates have had escape events from the confinement from hunting ranches
located in La Pampa, Entre Rios, and Neuquén provinces (Petrides, 1975; Bonino, 1995;
Novillo and Ojeda, 2008; Ballari e# /., 2016). The majority of invasive game species also
have expanded their range from the introduction/escape locations in all directions. For ex-
ample, the European hare expanded its range at a rate of 20 km/year in some areas, and now
the distribution encompasses all continental Argentina (Bonino ez 4/., 2010; Monteverde
et al., 2019; see Valenzuela, this volume). Similarly, the wild boar is expanding its range
at 3,500 ha per year in northwestern Patagonia and is now present in more than 30% of
Argentina's territory (Pescador ez al., 2009; Ballari e# al., 2019).

The spread of invasive game species in Argentina causes numerous environmental con-
sequences, which have been recorded to some extent (see Novillo and Ojeda, 2008; Ballari
et al., 2016). Both the European rabbit and hare are catalogued as pests in Argentina (Cue-
vas et al., 2019; Monteverde et al., 2019), and while there is little information on their
ecological impacts in the country, these herbivores are suspected to have detrimental effects
on vegetation, to compete for food and/or shelter with native mammals, and to disperse
seeds of introduced plants (Jaksic, 1998; Bonino and Soriguer, 2009; Bobadilla ez a/., 2020;
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Bobadilla ez 4/., 2022). Indeed, Galende (2014) and Galende and Raffaele (2013) described
partial diet and spatial overlap between rabbits and hares with the native rock specialist, the
southern vizcacha (Lagidium viscacia). However, rabbits and hares also are “beneficial” to
native predators by increasing the supply of prey and/or by decreasing predation pressure
on native fauna (Jacksic, 1998; Novaro ez al., 2000). For example, up to 45% of mountain
lion (Puma concolor) diet is comprised by European hare in Patagonia (Novaro ez a/., 2000).

Many introduced ungulates are known to compete with native species, as they are selec-
tive browsers. Browsing usually alters plant community structure and composition by re-
ducing regeneration, growth and survival of herb, shrub, and tree species (Coté ez al., 2004;
Lees and Bell, 2008; Bonino ez al., 2010). For example, in Patagonia, red deer (Cervus
elaphus) and fallow deer browse preferably on native plants, such as Chilean cedar (Austro-
cedrus chilensis), Schinus patagonicus, and maqui (Aristotelia chilensis), reducing plant cover
and growth, while facilitating invasion of introduced trees (Veblen ez a/., 1989; Relva and
Veblen, 1998; Relva ez al., 2010; Barrios-Garcia et al., 2012; Relva and Sanguinetti, 2016).
Moreover, diet overlap with the Patagonian huemul (Hippocamelus bisulcus) and Southern
pudu (Pudu puda), which are native and threatened ungulates, has been suggested (Povilitis,
1981; Dolman and Wiber, 2008; Galende ez 4/., 2005).

Wild boar impacts native ecosystems by overturning extensive areas of vegetation to
feed on roots, invertebrates and fungi (Barrios-Garcia and Ballari, 2012). This disturbance
is new to the native ecosystems of Argentina, as there are no native mammals with such for-
aging habits. Rooting by wild boar increases bare ground, reduces plant biomass, increase
soil degradation, negatively affect perennial plant species, and facilitates further invasion by
introduced plants (Barrios-Garcia and Ballari, 2012; Barrios-Garcia and Simberloft, 2013;
Cuevas et al., 2012; Nufez et al., 2013; Cuevas et al., 2020; Cuevas et al., 2021). Fur-
thermore, wild boar depredates native monkey puzzle tree (Araucaria araucana) seeds and
native rodent seed dispersers and could potentially threaten Araucaria forest regeneration
and ecological processes, if boar numbers continue to increase (Sanguinetti and Kitzberger,
2010; Shepherd and Ditgen, 2012, 2013; Tella ez /., 2016). While the impact on animal
communities (predation) in Argentina has yet to be assessed, it is known that wild boar host
a number of diseases—including trichinellosis, brucellosis, and tuberculosis—that could
harm both native mammals and livestock (Ruiz-Fons ez al., 2008; Meng ez 4l., 2009), and
it could be a potential carrier of other diseases not yet registered in the country and dev-
astating in economic aspects such as African swine fever (SENASA, 2018; see Uhart, this
volume).

Some of the game species introduced in Argentina for hunting purposes were or are be-
ing controlled. Rabbits in Tierra del Fuego have been controlled by hunting, trapping, by
introducing Pampa fox (Lycalopex gymnocercus) from mainland, and by using the myxoma
virus in 1954 (Jaksic and Yafnez, 1983). Nevertheless, there are still several focal areas, where
populations are apparently growing (e.g., the Ushuaia Peninsula and Parque Nacional Tierra
del Fuego; Cuevas ez al., 2019; Bobadilla ez 4/, 2021). In Neuquén province, the myxoma
virus is said to be used illegally since the 1980s, but rabbit populations are abundant and
spreading southward (Galende, 2014). Hares, deer, and wild boar are all subject to hunting,
although only during specific seasons and generally with a maximum daily limit (SAGyD,
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2017). Additionally, the red deer has been successfully reduced through hunting in PNL
(see Box 1, Sanguinetti ez al., 2014), and wild boar in PNEP (see Box 2, Ballari ez 4/,
2015a; Girtler e al., 2017). While all these efforts contribute to reducing introduced in-
vasive species abundance and impacts, in general they are very limited in time and extent.

Sport hunting and protected areas

During much of the middle of the 20th century, the problem of introduced species
as a threat to biodiversity was not included in the political agenda for protected areas, and
even less for those species with value for hunting. Introduced species were mostly consid-
ered as a natural resource to be exploited for social and economic benefits (see also Guichén
et al., this volume). For example, wild boar, red deer and European hare, widely distributed
today, have been extensively exploited in Argentina because of their attractiveness as a spe-
cies of big game and/or the quality of their meat and fur (Ballari ez 2/, 2019; Monteverde
et al., 2019; Relva ez al., 2019).

In particular, although red deer and wild boar are now present in many protected areas
(Ballari ez al., 2019; Relva ez al., 2019; APN —SIB, 2020), sport hunting is only permitted
in some sectors within Parque Nacional Lanin (PNL) and Parque Nacional Nahuel Huapi
(PNNH) (APN, 2011). Both species were introduced in Patagonia between 1917 and 1922
for hunting purposes, before national parks were created, in a historical context influenced
by the recent European immigration (Daciuk, 1978; Archibald ez 4/., 2020).

By the 1950s, red deer had expanded to the southwest of Neuquén province, and the Ad-
ministracion de Parques Nacionales (APN) authorities already had identified it as a threat to
biodiversity within Parque Nacional Lanin (PNL) (created in 1937; Dimitri, 1959). In this
historical context, sport hunting was allowed in this protected area in 1955, where hunters
were allowed to access over 700 km? of public land by means of a payment by auction to
the highest bidder. In this way, they still were able to acquire the right of 7-8 days access
to hunting areas (2,000-6,000 ha in size) to kill trophies and females if they had interest.
Later, in 1987, with the increase of distribution and abundance of red deer southwards,
sport hunting was allowed in over 620 km? of public land in PNNH.

Since the 1990s, with the increase of economic interest in the region and the hunting of
red deer, trophy sport hunting and female elimination was allowed in private lands within
the areas designated “national reserve” in both national parks (Nahuel Huapi and Lanin).
These areas are equivalent to Category VI areas with the [UCN classification system (IUCN
and UNEP-WCMC, 2014). This authorization aims to exert hunting pressure on wild
and self-maintained red deer population on private lands, prohibiting any management
that promotes the increase of their distribution and abundance. However, hunting pressure,
numbers and type of animal to be felled are all defined almost exclusively by ranchers.

At the same time, during recent decades, there has been growing concern about the
impact on biodiversity, based on the accumulation of local scientific evidence (Veblen ez /.,
1989; Relva and Veblen, 1989; Veblen ez al., 1992; Relva et al., 2009; Flueck, 2010; Relva
et al., 2010; Barrios-Garcia ef al., 2012; Nufiez et al., 2013; Relva ez al., 2014; Relva and
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Sanguinetti, 2016). Sport hunting in protected areas is still considered a valid strategy to
reduce environmental impacts against biodiversity, if it is carried out within the context of
red deer population management to maintain low densities (see Box 1; Sanguinetti e al.,

2014).

Red deer sport hunting and population management needs in protected areas

In Argentina, the occurrence of red deer (Fig. 1a) within protected areas is mainly restricted
to those located in northern Patagonia, due to the history of introduction and spread associated
with hunting interests in the early 20th century (Merino et al,, 2009; Relva et al,, 2019). During the
last 60 years, red deer management in PNL and PNNH consisted mainly in allowing sport hunters
to seek trophies, and optionally females, with the idea to exert hunting pressure without investing
economic resources by the government. However, the government charges hunting licenses to, at
least in theory, reinvest in population management practices. In addition to this sport hunting in
both national parks, in recent years some red deer control hunting projects have been developed
in these and other protected areas.

The main conflict between conservation and sport hunting within protected areas lies in de-
termining the red deer population density that is compatible with maintaining sensitive biodiver-
sity components. To face this conflict, the APN defined in 1986 the first policy and management
guidelines for red deer to put trophy hunting in the context of population management (Ramilo
et al, 1986). This policy defined management actions and strategies to limit new introductions
and avoid the dispersion to new areas. In areas already invaded, the policy promotes control ac-
tions to maintain populations stable at low density and sex ratio close to 1:1, assuming that this
demography conditions enhance the development of high-quality trophies (Mysterud et al,, 2001;
Kruuk et al, 2002; Putman, 2004). In this context, the government considered that sport hunting
is an acceptable tool to achieve biodiversity conservation goals and gives hunting opportunities
to different kinds of hunters (Fig. 1b), as long as it is applied within the framework of population
management for the species and therefore, must be combined with complementary hunting to
remove females, offspring and young individuals.

Strategies to successfully reach the overall conservation objectives (e.g., avoid dispersal, limit
new introductions, etc) can be applied using different management approaches and control
methods, depending on the protected area, its conservation values, and the status of the red deer
invasion. Concessions and management plans with social participation for control or commercial
hunting were identified as valid approaches. Aerial or ground (diurnal and nocturnal, including
dogs) hunting methods were considered depending on conservation goals, biodiversity at risk
and red deer invasion scenario. This approach also provides economic opportunities to settlers and
residents by allowing them to participate in red deer management, while abandoning or reducing
historical land degradation of livestock grazing. In synthesis, the general idea was that government
mainly offered hunting possibilities and economic opportunities to local communities, with little
investment in red deer population management.

After 35 years since the policy was established, it has been poorly applied regionally. Only
short-period red deer population management experiences were carried out between 2008-2012
in PNL (PNL, 2012; Sanguinetti et al,, 2014; Fig. 1a-c), a control plan on Victoria Island (PNNH, 2020)
and the Nirihuau area within PNNH, a control plan in Parque Nacional Lihué Calel since 2013 (Pas-
tore et al, 2013), and one in Parque Nacional Los Alerces since 2019. Additionally, in Parque Na-
cional Lago Puelo (where the red deer does not yet have stable populations), there is an action
protocol to control progress when individuals are found (Pastore et al,, 2017).

84



Hunting as a driver of mammal introductions

During the last 30 years a great deal of scientific information about red deer ecology, man-
agement and their impact in Patagonia was published (Relva and Sanguinetti, 2016). Red deer
management should be carried out based on population conditions (sex ratio, density ranges) and
in relation to biodiversity conservation goals threatened by this invasive species. Furthermore, the
management should consider sexual and spatial segregation, as well as the influence of habitat
type within environmental gradients and climate variability on population dynamic. Therefore, dif-
ferent population management practices should be applied, with control methods and hunting
pressure against each age and sex classes, varying in space and time at public and private lands
within and outside protected areas (Flueck et al, 1995; Nugent et al, 2011; Relva and Sanguinetti,
2016).

The debate continues about how to conserve valuable ecosystems and endangered species
in the context of red deer as a threat. This debate lacks an explicit and precise conceptual and
regulatory framework that links the relation between red deer densities and population structure,
with the loss of native conservation targets and trophy quality. For example, although there is a
solid scientific background showing that the improvement of trophy quality implies the removal
of females and young individuals (Tremblay et al, 2004; Milner et al., 2006), local hunters do not
accept this management strategy. Without a more coherent framework, no measurable conserva-
tion and management goals can be defined for an explicit agreement between stakeholder's and
the government. Only with an explicit and holistic approach, will it be possible to discuss which
control methods are needed to effectively reduce deer densities, while improving trophy quality.

Figure 1. a. Red deer female; b. hunters walking through the temperate forest; c. technicians of Parque Nacio-
nal Lanin processing samples from deer hunting. (Photos: N. Pastore [a], N. Ferreira [b-c]).
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Hunting control of wild boar in Parque Nacional El Palmar

Wild boar is one of the more widely distributed introduced mammals in Argentina, occurring
in at least 46 protected areas (Ballari et al, 2015a, Ballari et al,, 2019). This species causes soil distur-
bances, vegetation damage, diseases transmission, introduced seed dispersal, competition with
native species, among other negative impacts (Barrios-Garcia and Ballari, 2012; Cuevas et al., 2012;
Ballari et al, 2015b). Additionally, through predation and habitat destruction, wild boar impact
avian, reptile, amphibian, and small mammal populations (Ballari and Barrios-Garcia, 2014). Lastly,
wild boar affects economic human activities by damaging crops and transmitting diseases to live-
stock (Barrios-Garcia and Ballari, 2012). Based on the wild boar's potential demographic growth
and its wide range of negative impacts on biodiversity and ecosystem processes, there is an in-
creasing need to design management strategies to minimize future environmental and socioeco-
nomic impacts (Sanguinetti and Pastore, 2016).

In Argentina, the wild boar is categorized as a high priority for management by Valenzuela
etal. (2014); however, no national initiatives are available to control their populations (Ballari et al.,
2016). Nevertheless, management of wild boar has been applied in some protected areas, such as
the PNEP, where control efforts have been carried out for more than 10 years (Gurtler et al,, 2017).
This protected area was created in 1965 with the aim of conserving the last remnants of yatay

Figure 2. a. Information signs to prevent tourists and visitors from entering the area where the control of
introduced animals with firearms is carried out; b. elevated construction, called apostadero or deer stand,
used to hunt axis deer and wild boar; c. park rangers, volunteers and hunters, working together to record
data. (Photos: S.A. Ballari).
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palm (Butia yatay) groves. It has an area of 8,500 ha and is located in Entre Rios province in the
Espinal ecorregion. Due to known impacts of several introduced mammals inhabiting the park
(e.g., wild boar on yatay palm seedlings; Pignataro, 2010), the PNEP administrators decided to carry
out a control plan (Ballari et al, 2015b) (Fig. 2). While introduced mammals have been sporadically
hunted for control since 1983, the protected area managers began a formal and systematic Inva-
sive Mammals Control Plan in 2006, including not only wild boar, but also axis deer and blackbuck,
the latter with circumstantial presence (Gil, 2008). This program recruits local sport and subsistence
hunters under a regulated framework that is controlled and directed by park rangers to contribute
to the objectives of the protected area (Fig. 2a-c). In fact, this is the first management program
in Argentina that allows authorized third parties to conduct controlled hunting on national park
property, where there are no quotas nor trophy selection (Gurtler et al,, 2017).

Different hunting methods (e.g., hunting with horse and dogs, hunting from a truck) have been
used for wild boar with different success, but the method most used and most effective over time
was hunting with firearm from a high elevated structure. These hunting fixed high points, called
apostaderos in Spanish or deer stands in English (Fig. 2b), are located in areas with good visibility
throughout the entire protected area and encompassing different habitats. Hunters use soaked
corn as bait to attract the animals, which is replenished on a daily basis (Ballari et al,, 2015b).

The management plan in the PNEP has substantially reduced wild boar abundance during
the first two years of the program, and then kept low abundances the following eight years. Fur-
thermore, soil rooting area in the park declined (Gurtler et al, 2017), and predation of yatay palm
seedlings dropped to almost zero (Lunazzi, 2009; Ballari, 2014). The success of the plan may also be
attributed to the joint involvement of park personnel and local recreational hunters (Fig. 2c), con-
tinued institutional support, and increased awareness of wild boar impacts, among others (Gurtler
et al, 2017). However, while this plan has proven to be successful for wild boar, when hunting ef-
forts are reduced or stopped for a few months, wild boar population recovers rapidly (Ballari, S.A;
personal observation). This demonstrates that systematic control sustained over time, as well as
regular monitoring, are critical for the success of the plan.

This long-term (and currently active) program is unique in Argentina because it has been effec-
tive in reducing wild boar populations, decreasing poaching, expanding the number of local stake-
holders interested in the control program, and strengthening relationships between protected
areas and the local communities (Gurtler et al., 2017).

Changes in sport hunting within protected areas: opportunities and
limitations

The sport hunting scheme implemented on public lands within protected areas
needs to generate, in addition to the hunting opportunity, incentives for the people in-
volved (i.e., hunters, guides, managers, etc.). To improve trophies in the long-term it is
necessary to promote the annual removal of animals of all age classes and both sexes (Flueck
et al., 1995). Furthermore, it is necessary to invest economic resources, improve the organi-
zational governance capacity, and create effective educational programs for key stakeholders
(Nugent ez al., 2011; Relva and Sanguinetti, 2016). This approach will facilitate agreements
to promote management schemes and population monitoring to improve trophy quality as
a product of management (Flueck ez al., 1995; Relva and Sanguinetti, 2016) that prioritizes
native ecosystem conservation.
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To implement effective management schemes inside and outside protected areas, it is
essential to integrate the work between scientists and managers to achieve solid agreements
to improve legislation and management related to protected areas and introduced species
(Sanguinetti ez al., 2014). The current economic and organizational capacities in protected
areas limit the achievement of a comprehensive and efficient management of introduced
invasive mammals. Finally, it is also necessary to achieve a cooperative approach to pursue
the multiple objectives (e.g., create economic incentives, decrease animal populations) that
are demanded by the different social actors (Flueck ez al., 1995; Nugent ez al., 2011; San-
guinetti, et al., 2014; Relva and Sanguinetti, 2016).

Concluding remarks

Hunting represents a highly profitable activity worldwide. Indeed, hunting is the
main driver of mammal introductions in Argentina, where new hunting reserves are being
authorized and established every year. While most introduced mammals are confined in
enclosed areas, it is well known that fences and regulations tend to be deficient and also,
deliberate releases may occur. This fact raises the urgent need to improve policies and insti-
tutional frameworks related to introduced species hunting. Furthermore, it denotes that we
still suffer gaps between social and ecological values, and conservation priorities and subse-
quent actions. This analysis reinforces the need to develop integrated research, regulations,
and legislation that considers both the cultural and economic use of introduced species, as
well as the ecological costs when they become invasive (Ballari ez a/., 2016; Archibald ez al.,
2020).

Many species introduced for hunting purposes cause direct and indirect negative im-
pacts on native biodiversity and ecosystem processes. This issue is especially relevant when
introduced species occur in protected areas. While there are successful management experi-
ences (wild boar in PNEP, and red deer in PNL), we highlight the importance of reinforcing
hunting regulations, and the development of fauna management protocols to successfully
face new sources of escape, while achieving conservation objectives. Also, it is important
to evaluate sport hunting management success, by monitoring population trends and envi-
ronmental impacts, instead of only considering the quality and number of trophies. Lastly,
management strategies, according to recent studies, need to be developed regionally with a
socio-ecological vision and multi-sectorial participation of decision-makers, protected area
managers and private landowners (Ballari ez a/., 2016; Cuevas ez al., 2016, Sanguinetti and
Pastore, 2016).
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Abstract. There are 13 invasive mammalian herbivore species in Argentina, which were introduced
in the 15th and 19th centuries principally for livestock and hunting purposes. Currently, many of
these invasive herbivores (e.g., cattle, Bos primigenius taurus; red deer, Cervus elaphus; wild boar, Sus
scrofa; European hare, Lepus europaeus) have greatly expanded their distributions across Argentina,
causing negative impacts to native biodiversity and ecosystem processes. Selective browsing or grazing
by herbivores in Patagonian forests has been shown to decrease plant growth, increase mortality, and
alter flowering season, seed set, and plant tissue chemistry of many herb, shrub and tree species. At
the community level, invasive herbivores often heavily browse on just a few species, favoring browse-
resistant plants and thereby altering the species composition of native plant communities. Addition-
ally, invasive herbivores can directly impact native herbivores through competition for resources and
habitat modifications. Competition for food, for example, is likely to affect native herbivores like the
Patagonian huemul (Hippocamelus bisulcus), guanaco (Lama guanicoe), and southern pudu (Pudu
puda), given their diet overlap. Additionally, several studies have shown that invasive herbivores can
alter entire food webs by increasing food availability for native predators or by disrupting plant-animal
mutualisms that lead to trophic cascades. Lastly, invasive herbivores can also cause ecosystem level im-
pacts by altering nutrient cycling, hydrology, and disturbance regimes. Notably, wild boar rooting and
North American beaver (Castor canadensis) dam construction can cause long-lasting impacts to native
ecosystem structure and function. While there is a relatively good understanding of introduced inva-
sive herbivore impacts in Patagonian forests, there is still a need for more study of their impacts in other
biomes and in relation to co-occurring invasive species. There is also a particular need, as with most in-
troduced invasive species, to focus greater attention on how to manage this socio-ecological problem.

Resumen. Dentro de los mamiferos, los herbivoros son las especies que mds frecuentemente se han
introducido en el mundo, ya que son fuente de alimento y transporte. En Argentina, la ganaderia y
la caza deportiva fueron los principales motivos de introduccién de herbivoros originarios de Europa

y Asia. Muchos de ellos, como la vaca (Bos primigenius taurus), el ciervo colorado (Cervus elaphus), el
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jabali (Sus scrofa) y la liebre europea (Lepus europaeus) se han vuelto invasores, expandiendo amplia-
mente su distribucién desde los sitios de introduccién hasta dreas remotas y protegidas.

Numerosos estudios en la Patagonia argentina han demostrado el impacto negativo de los her-
bivoros invasores en las comunidades vegetales y animales nativas, as{ como en diversos procesos
ecosistémicos. A través del ramoneo y pastoreo selectivo los herbivoros invasores disminuyen el cre-
cimiento de las plantas y alteran la composicién de las comunidades vegetales nativas. Por ejemplo,
se ha reportado que la vaca disminuye el crecimiento del coihue (Nozhofagus dombeyi) y el ciprés
(Austrocedrus chilensis), inhibiendo la recuperacion de los bosques luego de disturbios como el fuego.
También se ha observado que la herbivoria afecta el éxito reproductivo de numerosas especies vege-
tales como el romerillo (Baccharis obovata), el maitencillo (Maytenus chubutensis), la parrilla (Ribes
magellanicum), el maqui (Aristotelia chilensis) y los Nothofagus, reduciendo el niimero de flores y
semillas que producen. Ademds, se ha reportado que la herbivorfa puede alterar los rasgos foliares
como el tamafo de hoja, el contenido de agua y la dureza, asf como también la calidad de los tejidos
vegetales. A largo plazo, la herbivoria selectiva puede también alterar la composicién del sotobosque
favoreciendo las especies resistentes a la herbivoria, como los Berberis spp., y suprimiendo a las espe-
cies palatables. Por otra parte, los herbivoros introducidos pueden afectar a las comunidades animales
nativas a través de la competencia por los recursos y la modificacién del hébitat. Especificamente se
ha propuesto que existe competencia por alimentos entre el ganado y el huemul (Hippocamelus bi-
sulcus), el ganado y el guanaco (Lama guanicoe), la oveja (Ovis orientalis aries) y el guanaco, el ciervo
colorado y el pudtt (Pudu puda) la liebre europea y la mara (Dolichotis patagonum), y la liebre europea
y el chinchillén (Lagidium viscacia), debido a una superposicion de items dietarios que estas especies
utilizan. También los herbivoros introducidos pueden afectar a las comunidades animales aumen-
tando la disponibilidad de recursos para los depredadores nativos. Por ejemplo, se ha reportado que
la liebre europea y el conejo (Orycrolagus cuniculus) son los principales {tems dietarios del puma
(Puma concolor), zorro gris (Lycalopex gymnocercus), zorro colorado (L. culpaeus), y aves rapaces de la
Patagonia. Los impactos de los herbivoros invasores pueden también perturbar mutualismos planta-
animal provocando efectos en cascadas. Especificamente, se ha reportado que el ramoneo por vaca
y ciervo colorado puede reducir la abundancia de maqui (A. chilensis), generando efectos indirectos
en la interaccién monito del monte (Dromiciops gliroides)—quintral (Tristerix corymbosus) — picaflor
rubi (Sephanoides sephaniodes). Por tltimo, los herbivoros invasores también pueden causar impactos
a nivel de ecosistema alterando el ciclo de nutrientes, la hidrologfa y los regimenes de disturbios. En
particular, el hozado del jabali y la construccién de represas por el castor (Castor canadensis) pueden
causar grandes impactos en la estructura y funcién del ecosistema nativo. Por ejemplo, la actividad
de los castores inunda grandes superficies y crea ecosistemas similares a praderas con regeneracién
limitada de Nothofagus, facilitando la invasién de plantas herbdceas introducidas. Ademds, la cons-
truccién de represas aumenta la concentracién de nitrégeno y fésforo, y la retencién de material
orgdnico de las cuencas hidrogréficas. Estos cambios en el flujo y la calidad del agua también alteran
la composicién de los macroinvertebrados acudticos y la dindmica de la red alimentaria.

Si bien tenemos una buena comprensién del impacto de los herbivoros invasores en algunos
ecosistemas nativos de Argentina, aiin tenemos muy poca informacién sobre el impacto de los her-
bivoros invasores en otros ecosistemas fuera de los bosques patagénicos. Ademds, falta informacién
sobre el impacto de las especies invasoras cuando co-ocurren en un mismo ambiente, y finalmente

acerca de cémo el manejo de estas puede revertir sus efectos.
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Introduction

Herbivores are among the world's most frequently introduced mammals, as they
provide a source of food, animal husbandry, and transportation (Long, 2003). In Argen-
tina, the two main causes of mammalian herbivore introductions were livestock and hunt-
ing (Novillo and Ojeda, 2008; Merino ez al., 2009; Ballari ez al., 2016; Ballari ez 4l., this
volume). In the 15th century, Spanish explorers introduced the large herbivorous livestock
like cattle (Bos primigenius taurus), sheep (Ovis orientalis aries), and goats (Capra aegagrus
hircus) (Primo, 1992; Ballari ez al., 2016). More recent introductions during the late 19th
and 20th centuries were mostly driven by hunting practices and include the European
hare (Lepus europaeus), red deer (Cervus elaphus) and fallow deer (Dama dama) (Ballari
et al., 2016). Argentina currently hosts 23 introduced invasive mammal species, of which
56% are herbivores (Ballari ez al., 2016; SAyDS and SAREM, 2019; Valenzuela ez al., this
volume) (Table 1). All of these invasive herbivores are native to Europe and Asia and have
successfully established wild populations that have expanded at different rates (Novillo and
Ojeda, 2008; Ballari ez al., 2016).

Table 1. List of introduced invasive mammalian herbivores found in Argentina's forested biomes.

Order Scientific name Common name
Antilope cervicapra blackbuck, Indian antelope
Axis axis chital, axis deer, spotted deer

Bos primigenius taurus  cattle

Bubalus arnee bubalis buffalo

Cetartiodactyla .
Capra aegagrus hircus ~ goat

Cervus elaphus red deer

Dama dama fallow deer

Sus scrofa wild boar, feral pig, swine
Lepus europaeus European hare

Lagomorpha
Oryctolagus cuniculus ~ European rabbit

Equus africanus asinus ~ donkey
Perissodactyla
Equus ferus caballus horse

Rodentia Castor canadensis North American beaver

Many of Argentina's introduced invasive herbivore species, including cattle, red deer,
wild boar (Sus scrofa), and European hare, have naturally expanded their distributions from
their introduction sites, thereby establishing wild populations in large areas (Novillo and
Ojeda, 2008; Ballari ez al., 2016; Scorolli, 2018). As a consequence, the supposedly “re-
mote” biomes of the Sub-Antarctic and Patagonian forests, which are otherwise classified
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as “wilderness areas” (Mittermeier ez al., 2003), are actually one of the most invaded ecore-
gions of the Southern Cone (Ballari ez /., 2016). Additionally, commercially valuable spe-
cies have expanded throughout Argentina thanks not only to their own dispersal abilities,
but also help from humans (Valenzuela et al., 2014). These types of expansion have oc-
curred by the transportation of animals for production and work, such as sheep, horses,
and goats, or through escapes from game reserves or rearing facilities with poor biosecurity
measures, such as the red deer. In contrast, some game species, like the fallow deer, have
expanded their territory much less than others (Novillo and Ojeda, 2008; Barrios-Garcia,
this volume), while the chital (Axis axis) is still mostly restricted to game reserves in several
provinces (Guichén ez al., 2016).

While among Argentina's invasive herbivore assemblage, only red deer and goats are
listed among the world's 100 most harmful introduced invasive species (Lowe, 2000), many
of these remaining species still are known to cause negative impacts on native biodiversity
and ecosystem processes (Novillo and Ojeda, 2008; Merino et al., 2009). For example,
numerous authors have studied the direct and indirect impacts of invasive herbivores on
plant and animal communities, as well as on ecosystem properties in Patagonian forests of
Argentina, highlighting their role in altering plant species composition, decreasing forest
regeneration, facilitating dispersal of introduced plants, competing with native herbivores
for resources, and altering soil properties (Vdzquez, 2002; Relva ez al., 2010; Vila and Bo-
rrelli, 2011; Barrios-Garcia e al., 2012). In the following sections of this chapter, we will
discuss these impacts in more depth.

Impacts on plant communities

Selective browsing or grazing by large introduced herbivores has several direct indi-
vidual-level effects by altering plant survival, growth, and fitness (Crawley, 1986; Augustine
and McNaughton, 1998; Coté ez al., 2004; Graff ez al.,2007). Ultimately, these impacts can
induce changes in plant traits (e.g., nutritional quality and defenses) that might confer re-
sistance or tolerance to subsequent herbivory (e.g., Shimazaki and Miyashita, 2002; Rooke
and Bergstrom, 2007; Bailey and Schweitzer, 2010), and at the same time alters plant com-
munities by changing the richness, abundance, and composition of the native flora. Below,
we will summarize the empirical data available from Argentina's Patagonian forests.

Large introduced mammalian herbivores have been reported to decrease tree seedling
survival and growth, especially when natural or anthropogenic disturbances also increase
the access of livestock to the forest floor. For example, following natural bamboo (Chusquea
culeou) die-back in northern Patagonia, cattle were shown to cause more than double the
seedling mortality for Nothofagus dombeyi and decrease seedling height more than 130%
(Raffacle er al., 2007). Similarly, cattle grazing in post-fire, subalpine N. pumilio forests
decreased seedling survival ca.30%, probably due to the combined effects of browsing
and trampling and their indirect influence through the removal of potential nurse plants
(Tercero-Bucardo ez al., 2007). In contrast, in post-fire lowland forests, seedling survival
of N. dombeyi and Austrocedrus chilensis in unfenced plots tended to be higher, possibly
due to lower livestock pressure and/or reduced competition from highly palatable shrub
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species (Tercero-Bucardo e al., 2007). However, although early survival might be higher
in the latter habitat, mean maximum height of all woody species and climbers, including
dominant tree species, was >70% higher in the absence of cattle than in unfenced areas
(Blackhall ez al., 2008). For this reason, it has been proposed that large introduced herbi-
vores often inhibit forest recovery, especially following disturbances, and favor community
transitions from tall forests to shrublands dominated by resprouting woody species (Raf-
faele er al., 2011). Similar trends had been described for the role of introduced European
rabbits (Oryctolagus cuniculus) (Vizquez, 2002) and North American beavers (Castor ca-
nadensis), where direct herbivory and dam construction shift Nozhofagus forest to grasslands
(Lizarralde et al., 1996).

Resilient plant species that survive and sustain viable populations might still suffer from
introduced mammalian herbivory, if vigor, productivity or reproduction is impaired. Few
empirical studies have explored these consequences in temperate Argentine ecosystems and
have reported evidence of both the benefits and costs of browsing. For example, in Nozho-
fagus forests in northwestern Patagonia, while some understory species (e.g., Baccharis obo-
vata, Rosa rubiginosa and Maytenus chubutensis) did not produce flowers in the presence of
cattle, for others reproductive tissue output showed the opposite tendencies, depending
on the shrub's palatability (de Paz and Raffacle, 2013). Specifically, whereas palatable wild
currant (Ribes magellanicum) shrubs showed 25x fewer flowers, 10x fewer fruits, and null
seed viability under livestock pressure, the less palatable box-leaved barberry (Berberis mi-
crophylla) increased flowers by 4x, fruits by 2x, and seed production by 9x under the same
conditions (de Paz and Raffaele, 2013). Also, it is key to note that all forest strata can be
susceptible to large herbivores, as ungulates have been shown to reduce 1) the number of
male flowers of canopy Nothofagus trees in silvopastoral systems in Tierra de Fuego (Mar-
tinez Pastur ez al., 2008; Soler ez al., 2012); 2) the density of understory fruiting plants by
3x in Nothofagus forests in Neuquén and Rio Negro (Rodriguez-Cabal ez a/., 2013); and
3) the fitness of a common herbaceous plant, Alstroemeria aurea, by directly reducing its
population density and thus, hindering pollen deposition on stigmas in V. pumilio forests
in Rio Negro province (Vdzquez and Simberloff, 2004).

Changes in plant traits following damage by introduced herbivores have the potential
to modify plant quality to subsequent herbivores (e.g., Shimazaki and Miyashita, 2002;
Rooke and Bergstrom, 2007; Bailey and Schweitzer, 2010). Such less obvious effects are
particularly relevant in the case of novel plant-animal interactions. Recently, several stud-
ies in South America's temperate forests have reported changes in leaf traits, growth rate,
phenology, and induced chemical defenses of remaining vegetative and reproductive tissues
under introduced herbivore pressure. For example, in terms of leaf traits, two studies have
shown that some browse-susceptible plant species decreased leaf size, toughness, and water
content (Blackhall ez al., 2012), as well as leaf and shoot production (Sasal, 2009) under
livestock herbivory pressure. Furthermore, phenological changes in reproductive span were
reported for several understory species, with some palatable species shortening their bloom-
ing periods (e.g., R. magellanicum, Schinus patagonicus), while browse-resistant species have
shown to lengthen their flowering periods (e.g., B. microphylla), favoring reproductive suc-
cess (de Paz and Raffaele, 2013). Induced chemical defenses post-browsing, which aim
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at reducing subsequent herbivore damage (Karban and Baldwin, 1997), have not been
assessed for temperate forest species, but indirect evidence suggests changes in secondary
chemistry due to livestock grazing. Studies of tissue flammability in N. antartica shrub-
lands described patterns of decreased tissue ignitability at the community level (Blackhall
et al., 2017) and species-specific changes in foliar flammability (Blackhall ez /., 2012) due
to cattle browsing, suggesting changes in plant allelochemical content as some secondary
metabolites, such as terpenes, often correlate with tissue flammability (e.g., Owens et /.,
1998; Ormefio ez al., 2009; Page ez al., 2012; Pausas ¢t al., 2016). Moreover, in the neigh-
boring Patagonian steppe, Cavagnaro ez a/. (2003) showed that Senecio filaginoides, the least
preferred shrub species grazed by sheep, employs both high concentrations of constitutive
allelochemicals and induced resistance following damage, especially by increasing oil and
hydrocarbon fractions.

Alternatively, browsed plants could compensate the removed tissue by enhancing
growth and photosynthetic rates, activation of dormant meristems, changing biomass al-
location, or increasing nutrient uptake. All of these responses increase tolerance capabili-
ties by minimizing the negative effects of damage on plant fitness (Tiffin, 2000; Fornoni,
2011), but evidence of these strategies in native species in the face of biological invasions by
herbivores in Argentina's temperate forests is still scarce. Increased growth rates following
cattle browsing have been reported for N. antarctica in northwestern Chubut, with such a
response being stronger in larger rather than smaller saplings (Echevarria e al., 2014). In
addition, tolerance might depend on browsing pressure, with V. antarctica saplings being
able to rise compensatory regrowth only under low stocking rates, while heavy browsing
pressure suppressed tree regeneration and led to shrubby architecture and lower growth
rates (Echevarria ez al., 2014). Lastly, only one study to date has measured resource alloca-
tion post-damage by introduced ungulates. Six years after cattle exclusion in a post-fire
subalpine . pumilio forest, the browse-resistant shrub B. microphylla showed similar veg-
etative, reproductive and root biomass as browsed plants and even increased in size, suggest-
ing compensatory growth. In contrast, the more palatable R. magellanicum was unable to
compensate, showing decreased overall size and biomass of all vegetative and reproductive
tissues, and low shoot : root ratios compared to undamaged individuals in the exclosures (de
Paz and Raffaele, 2015).

Through differences in seedling establishment and survival, plus selective browsing of
understory species, introduced herbivore mammals also substantially modified vegetation
cover and species composition of native plant communities. For instance, in northwestern
Patagonia, long-term livestock presence reduces plant species richness and cover of sub-
canopy trees, shrubs and bamboo up to 80%, while simultaneously increasing the relative
cover of ground-layer herbs (Veblen e a/., 1989; Raffaele and Veblen, 2001; Raffacle ez al.,
2007; Blackhall er al, 2015; Piazza et al, 2016; but see Blackhall ez 4/, 2008). Besides
cattle, browsing by introduced deer species, such as red and fallow deer, also strongly in-
hibit growth of native tree saplings, decrease cover of native understory plants, and change
understory species composition (Relva ez al., 2010; Barrios-Garcia et al., 2012; Rodriguez-
Cabal ez al., 2013). Given their generalist diet, these large ungulates can exert damage on
ca. 30 woody species and several forbs and grasses (Vila and Borelli, 2011; Barrios-Garcia
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etal., 2012; Soler ez al., 2012), but often heavily browse on just a few selected species (Relva
et al., 2010; Vila and Borelli, 2011; Barrios-Garcia ez a/., 2012), favoring browse-resistant
over browse-sensitive species (Relva ez al., 2010; Blackhall ez 4/, 2015), and decreasing
plant evenness and species turnover along environmental gradients (Piazza et al., 2016). For
example, it has been reported that Berberis spp. increases its abundance in heavily browsed
sites (Relva and Veblen, 1998). Moreover, although introduced herbivores could aid to
control introduced plant species (e.g., Zamora Nasca ez al., 2018), preferences towards more
palatable native species often actually favor the invasion of introduced tree species, such as
pines (Nufiez et al., 2008; Relva ez al., 2010), as has been seen in other ecosystems world-
wide (Oduor ez al., 2010). Such preferences are likely driven by the tissue quality of native
plants (e.g., Forsyth ez al., 2002), but such assessments are still missing for Argentine eco-
systems. Furthermore, not only large but also medium-sized introduced herbivores like the
European hare have been shown to reduce woody native plant cover, while increasing the
area occupied by introduced forbs (Raffaele ez al., 2011).

Besides cattle and deer, Barrios-Garcia and Simberloff (2013) reported that wild boar
rooting increases by as much as 2x the establishment and biomass of non-native seedlings,
compared to unimpacted sites. Additionally, the same authors showed that soil disturbance
by wild boar, rather than endozoochorous dispersal, facilitates plant invasions. Another
well-known biological invasion by an introduced herbivore is the huge impact on native
plant communities attributed to beavers. In the 1940s, 20 beavers were introduced to the
Argentine portion of Tierra del Fuego in an attempt to help start a fur industry. Beavers
have colonized nearly all streams in the Fuegian Archipelago and are found in many wa-
tersheds on the mainland south of Puerto Natales, Chile, reaching as many as 100,000
individuals (Anderson ez al., 2009). Introduced beavers can devastate Nothofagus forests by
cutting and killing the dominant tree species (V. pumilio, N. betuloides), but can actually
favor regeneration of V. antarctica and ultimately create resilient grasslands dominated by
introduced herbaceous species (Martinez Pastur et al., 2006; Wallem ez a/., 2010; Henn
et al., 2014). However, the greatest impact on riparian communities comes from the flood-
ing associated with dam construction (Lizarralde, 1993). Beaver dams can reach up to
100 meters in length and cause floods, which has serious impacts on the native vegetation.
This introduced herbivore is also an invasive ecosystem engineer and has directly modified
around 30,000 ha on the Argentine side of Tierra del Fuego's main island (Isla Grande),
constituting the largest ecosystem alteration in this biome in the Holocene (Henn ez al.,
2016; see Anderson and Roulier, this volume).

Impacts on animal communities

Besides their effects on plants, introduced herbivores can also directly impact native
herbivores through competition for resources and habitat modifications (Vizquez, 2002;
Valenzuela ez al., 2014). Large native mammalian herbivores in the Andean Patagonia re-
gion include the guanaco (Lama guanicoe) and two species of endangered deer: the Pa-
tagonian huemul (Hippocamelus bisulcus) and the southern pudu (Pudu puda) (Vizquez,
2002). Competition for food has been presumed to occur between cattle and huemul (Vila
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et al., 2009; Briceno ez al.; 2013, Diaz et al., 2013), cattle and guanaco (Ferndndez Pepi
et al., 2015), sheep and guanaco (Soler ez al., 2012), as well as between red deer and pudu
(Silva-Rodriguez ez al., 2016). However, the suggestion that introduced herbivores likely
affect native herbivores through exploitation competition stemmed from studies that de-
scribed patterns of resource use and partitioning among sympatric species; establishing
the potential for competition, but rarely demonstrating its action or effect (Dolman and
Wiber, 2008). Similarly, Bonino ez al. (1997) found a 50% trophic overlap between the
native mara (Dolichotis patagonum) and the introduced European hare; and Galende ez al.
(1998) and Galende and Raffaele (2013) showed diet and spatial overlap between the native
southern mountain viscacha (Lagidium viscacia) and the introduced European hare.

Introduced mammalian herbivores may also affect animal communities by increasing
food availability for predators. This process is known as “apparent competition” (Holt,
1977), and occurs when prey species, in this case introduced herbivores, elevates predator
abundance above levels that would have been maintained by native prey, which then in-
creases predation pressure on native prey assemblages. In the temperate forests of Patagonia,
puma (Puma concolor) and foxes (Lycalopex gymnocercus and L. culpaeus) prey upon intro-
duced herbivores, and sometimes these non-native species contribute most of their diets
(Novaro ez al., 2000). Similarly, avian predators consume introduced herbivores. A study
by Barbar ez al. (2016) found that the composition of the Patagonian raptor community
is altered as a consequence of the introduction of European hare and rabbit. These authors
found that the relative abundances of large and medium-sized raptor species have increased,
probably because these introduced lagomorphs represent a new food resource, thereby pro-
viding higher biomass than native prey species and favoring large and medium-sized raptors
compared to other smaller species of the same trophic level.

In addition to the impacts on vertebrates, introduced mammalian herbivores affect na-
tive invertebrates in several ways, directly by trampling on its nests, or indirectly through
their effects on the quantity and quality of food sources, or by changing the habitat. For
example, cattle browsing in post-fire Nothofagus forests increased beetle richness 18% by
altering environmental heterogeneity, but reduced pollinator visits by increasing flower pro-
duction through a “resource dilution effect” (Sasal ez /., 2015, 2017). In contrast, browsing
on Aristotelia chilensis, one of the most common understory plants in Patagonian temperate
forests, by cattle and red deer reduced foliar arthropod species and individuals compared to
un-browsed plants in un-invaded sites (Rodriguez-Cabal ez al., 2019).

Cascading impacts—disruption of plant-animal mutualisms

Mutualisms are essential interactions not only for the persistence of these benefi-
cial relationships' partners, but also for the maintenance of biodiversity and the integrity
of ecosystems (Janzen, 1980; Feinsinger, 1987; Bond, 1994; Levey and Benkman, 1999;
Traveset, 1999; Herrera, 2002). Patagonian temperate forests present a high degree of en-
demism (Heywood and Watson, 1995), and a large portion of its flora depends on mutual-
istic partners (Aizen and Ezcurra, 1998). Introduced mammalian herbivores may indirectly
impact native plant communities by disrupting such plant-animal mutualisms (Mack and
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D'Antonio, 1998; Rodriguez-Cabal ez 4l., 2013), ultimately leading to consequences at
multiple levels via trophic cascades.

In the northern portion of this temperate forest, we find a unique interaction, includ-
ing the world's southern-most hummingbird (Sephanoides sephaniodes), a mistletoe (7ris-
terix corymbosus), the most common host of mistletoe and dominant understory shrub
(A. chilensis), three seed dispersers—a marsupial (known as monito del monte, Dromiciops
gliroides) and two birds (the white-crested elaenia, Elaenia albiceps, and the austral thrush,
Turdus falcklandii). The nectar produced by the mistletoe is the primary food resource for
the hummingbird during the winter (Aizen, 2003). During the austral spring, the hum-
mingbird pollinates nearly 20% of the endemic woody genera in Patagonian forests (Aizen
and Ezcurra, 1998). The marsupial disperses seeds of at least 25 fleshy-fruited species and is
the only known disperser of the mistletoe, allowing its seed to establish by fecal deposition
on A. chilensis branches (Amico and Aizen, 2000). The elaenia and the thrush are generalist
seed dispersers and carry the seeds of more than 80 plant species in these forests (Amico
and Aizen, 2005). When A. chilensis, which is preferred forage for cattle, red and fallow deer
(Veblen et al., 1992; Jaksic et al., 2002), is browsed, the close interaction network between
these native species can be disrupted. Indeed, Rodriguez-Cabal ez /. (2013) demonstrated
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Figure 1. A keystone plant-animal mutualism in the northern portion of Patagonia's temperate forest biome. The red arrow
indicates the direct negative effect of introduced ungulates on the most common host of the mistletoe, and the purple
arrow indicates the indirect effect. The green arrows indicate native mutualistic interactions. Figure modified from Fig. 1 in
Rodriguez-Cabal et al. (2013). (Drawings: Ezequiel Rodriguez-Cabal).
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how the reduction of A. chilensis abundance by introduced ungulates caused indirect effects
that lead to the disassembly of the entire web (Fig. 1). These authors showed a 16x reduc-
tion in the abundance of A. chilensis in sites invaded by introduced ungulates, compared
to uninvaded sites (.e., intact sites). In turn, invasive herbivore browsing on A. chilensis
indirectly reduced the abundance of the species in the keystone mutualistic interaction.
Specifically, the abundance of mistletoe was 83x greater in intact compared to invaded
sites, triggering the disassembly of this key mutualistic web. Another example of the nega-
tive effects of introduced ungulates on mutualisms comes from the study of Vizquez and
Simberloff (2004), who showed that invasive ungulates indirectly alter the pollination and
reproduction success of the herb A. aurea by decreasing population density via trampling.
Also, pollination quantity (number of conspecific pollen grains) and quality (as determined
by contamination with heterospecific pollen grains) were found to dramatically decrease
at invaded sites, which in turn decreases reproductive performance of A. aurea at these
invaded sites.

Another interesting effect of non-native herbivores was reported by Nufiez ez a/. (2013),
who described facilitation among introduced species (pines, an ectomycorrhiza, and mam-
mals) in northern Patagonian forests. Members of the family Pinaceae require an obligatory
mutualism, an introduced ectomycorrhizal fungi, to thrive; however, both of them may
disperse independently using different vectors. These authors found that introduced mam-
mals, such as red and fallow deer and wild boar, disperse spores of ectomycorrhizal fungi in
their feces via fungi consumption. Thus, introduced mammals may indirectly facilitate pine
invasions via fungi dispersal in sites where they co-occur.

Ecosystem level impacts

While most studies of introduced species focus on the impact on native popula-
tion and community properties, comparatively less is known about the role of biological
invasions by mammalian herbivores on ecosystem-level properties. We know that invasive
herbivores can change ecosystem structure and processes, such as productivity, nutrient
cycling, hydrology, and disturbance regimes, thus altering fundamental rules of existence
of all species living in the ecosystem (Vitousek, 1990; Ehrenfeld, 2010). In Argentina, very
few studies have determined the consequences of invasive herbivores on native ecosystems
and have mainly focused on the impacts of the beaver as an invasive ecosystem engineer.
However, some effects by other introduced herbivores have been reported.

As described above, selective browsing by introduced herbivores can alter plant com-
munity composition and litter quality; these changes may, in turn, alter the rates of organic
matter decomposition and/or nutrient cycles. For example, cattle grazing in grasslands in
the wet Pampas biome (Buenos Aires province) reduces standing biomass by 65% relative
to an exclosure, and total above-ground nutrient stocks decreased by half or less, compared
to those in the ungrazed exclosure (Chaneton ez al., 1996). The same study showed that
grazing increases N and P concentrations, and nutrient uptake by roots, enhancing min-
eralization rates. Similarly, rooting by introduced wild boar in the Monte desert biome
(Mendoza province) results in decreased soil bulk density and soil respiration rates, but
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higher C:N (Cuevas ez al., 2012). In forested ecosystems, only two studies have looked at
the impact of introduced deer and wild boar on soil properties after 6-7 years of exclusion
and found mostly non-significant effects on soil N and C stocks and cycling, suggesting
that forested ecosystems are either more resilient to disturbance or that longer-term studies
are needed (Relva ez al., 2014; Barrios-Garcia et al., 2014).

The beaver again provides the most striking example of how an introduced species can
alter ecosystems (Lizarralde ez al., 1996; Anderson et al., 2009). As stated above, in the
1940s, 20 beavers were introduced in Tierra del Fuego, and since then the population has
spread throughout the archipelago and onto the mainland (Valenzuela ez al., 2014). Beavers
are semi-aquatic rodents that build dams with logs and branches to create a refuge from
predators and a “garden” in the forest with patches containing more palatable forage. This
activity modifies both riparian and stream ecosystems, creating meadow-like ecosystems
with limited Nothofagus trees regeneration and facilitating the invasion of introduced her-
baceous plants (Anderson ez al., 2006; Martinez Pastur et al., 2006; Wallem ez al., 2010).
Furthermore, dam construction increases the flow of terrestrial organic matter subsidies to
in-stream systems (Anderson ez al., 2009). Specifically, dams increase nitrogen and phos-
phorus concentration (Lizarralde ez /., 1996), and enhance the retention of organic mate-
rial and thereby carbon-standing stock by approximately 72% in watersheds (Anderson
et al., 2014). These changes in water flow and quality also alter the structure and function
of the aquatic macroinvertebrate assemblage and food web dynamics (Anderson and Rose-
mond, 2007, 2010).

Conclusion

In this chapter, we have synthesized how invasive mammalian herbivores directly and
indirectly alter biodiversity from the individual level to the ecosystem scale in the temper-
ate forests of Argentine Patagonia. Furthermore, we have shown that invasive herbivores
in Patagonian forests can have cascading effects on different trophic levels. While we now
have some understanding of the distribution of introduced herbivores in Argentina and
their consequences on some native species and ecosystems, there is still much to be studied.
Particularly, we have very little information on ecosystem-level impacts in biomes outside
of Patagonian forests. There is also a relative dearth of information on how invasive herbi-
vores interact with other co-occurring invasive species or drivers of global change. Finally, as
noted by Anderson and Valenzuela (2014), there is still a tremendous need to concentrate
on applied research concerning how management can address or reverse these effects.
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6 | MANAGEMENT OF FERAL HORSES AS
INVASIVE MAMMALS: BIODIVERSITY
CONSERVATION VERSUS CULTURE?
MANEJO DE CABALLOS CIMARRONES COMO

MAMIFEROS INVASORES: ({CONSERVACION DE
BIODIVERSIDAD VERSUS CULTURA?

Alberto L. SCOROLLI"
TGEKKO (Grupo de Estudio en Conservacioén y Manejo), Departamento de Biologia, Bioquimica y Farmacia,
Universidad Nacional del Sur, San Juan 670, 8000ICN Bahia Blanca, Buenos Aires, Argentina. scorolli@criba.edu.ar

Abstract. Feral horses (Equus ferus caballus) are large, herbivorous mammals considered invasive
in many countries. Their populations are managed to reduce impacts on biodiversity, and conflicts
often arise between government agencies and horse defenders. In Argentina, feral horse manage-
ment has been inconsistent. In Parque Provincial Ernesto Tornquist (PPET), a grassland ecosystem
reserve in the Pampas region, the feral horse population was reduced by 50% in 2006-2007. The
management goal was to eradicate the species. In 2011, a conflict arose between the park's authori-
ties, university researchers and a group of horse protectionists. This chapter describes the process
surrounding this conflict, analyzes the arguments of the opposing sides, and compares the experi-
ence with invasive species conflicts in other countries. A Facebook group, which later transformed
into a non-governmental organization with the goal of protecting the feral horses of PPET, attacked
researchers and government authorities studying and managing this invasive population. The con-
flict persisted for two years and caused management efforts to be suspended. Researchers provided
evidence of the feral horse's Eurasian origin, taxonomic status, and demographic rates that would
lead to rapid recovery after control efforts ended. Impact on biodiversity was quantitatively studied
and significant changes were reported. Argentine legislation clearly states that invasive mammals
should be managed. Horse protectionists invoked the following aspects justifying their opposition:
the horse's cultural and historical role in Argentina, aesthetic value, genetic uniqueness, and the
horse as a reintroduced “native” species (based on paleo-records). There are important differences
with the management of feral horses in other countries. Argentine governmental agencies were pas-
sive and did not have a management plan or any court-based legal process. Important challenges that
were identified include: having an official science-based management plan, providing more substan-
tiated evidence, attaining active government participation, and including human dimensions of this

biological invasion from a socio-ecological perspective.

Resumen. El caballo (Equus ferus caballus) es un mamifero herbivoro de gran tamafio miembro de la
familia Equidae y del orden Perissodactyla, originario de Eurasia, fue domesticado aproximadamente
hace 5.000 afios. Cuando los caballos domésticos escapan del control del ser humano o son liberados
se denominan cimarrones. Fueron introducidos en Argentina en el siglo XVI por los colonizadores

espanoles. Rdpidamente se volvieron cimarrones y se dispersaron ampliamente en varias regiones del
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pais, como la Pampa, Noreste y Patagonia. En el siglo XIX pricticamente se extinguieron en estado
silvestre por la aparicién de las estancias y el uso del alambrado para dividir la tierra. Actualmente
existen varias poblaciones de caballos cimarrones en dreas poco pobladas de las regiones de Cuyo
y Patagonia. También habitan en dreas protegidas como los Parques Nacionales Los Glaciares y
Bosques Petrificados de Jaramillo en la provincia de Santa Cruz. La mayor poblacién conocida, y la
mis estudiada, se encuentra en el Parque Provincial Ernesto Tornquist (PPET) en el sudoeste de la
provincia de Buenos Aires.

El caballo cimarrén es considerado una especie introducida invasora en varios paises. Dado su
potencial impacto sobre la biodiversidad a altas densidades poblacionales son considerados un serio
problema de conservacién y su manejo resulta una prioridad. Usualmente, el manejo implica la
reduccién del tamano de las poblaciones para minimizar el impacto causado. Es frecuente el uso de
métodos letales y de captura viva con posterior adopcién de los animales. En varios paises, como
EE.UU., Australia y Nueva Zelanda, el manejo de caballos cimarrones ha sido muy conflictivo y
controversial. En la Argentina, el manejo ha sido esporddico y no organizado. Solo se ha manejado la
poblacidn de caballos del PPET. Esta 4rea es considerada de gran valor para la biodiversidad por con-
servar una muestra del ecosistema de pastizal serrano y numerosas especies endémicas. Este capitulo
describe el conflicto que generé dicho manejo y analiza los argumentos propuestos por los grupos
involucrados. Ademds, compara el conflicto con situaciones similares ocurridas en otros paises y
propone algunos desafios pendientes para el futuro manejo de los caballos cimarrones en Argentina.

Los caballos fueron introducidos en el PPET en 1942. El grupo original era de raza Criolla
Argentina, derivada de caballos andaluces-bereberes. Estos caballos rdpidamente se asilvestraron,
ocupando una amplia zona de la reserva. Su poblacién crecié paulatinamente hasta aproximarse a la
capacidad de carga del ecosistema, alcanzando una densidad muy alta (35 caballos/km? en 2002). En
ese periodo, los caballos cimarrones estuvieron limitados por alimento. La mortandad por inanicién
fue alta y el impacto sobre la biodiversidad significativo. Durante 2006 y 2007, las autoridades del
4rea protegida manejaron la poblacién de caballos cimarrones reduciendo un 50% su tamano. Se
capturaron mediante corrales 220 animales, la mayoria fueron relocalizados y 80 fueron eliminados
por decision del cuerpo de Veterinarios Equinos del Ejército. Este manejo fue implementado sin ase-
soramiento técnico y sin conocimiento del publico. En 2011, un grupo de defensores de los caballos
inici6 una serie de protestas contra las autoridades a cargo del PPET y los cientificos que estudiaron
a los caballos y asesoraron al gobierno. El conflicto, de tono muy agresivo, durd dos afios. El esce-
nario principal fueron las redes sociales, pero también tuvo lugar en los medios locales y regionales.
Se formé un grupo de Facebook con mis de 5.000 miembros, que luego fundé una organizacién no
gubernamental, la Asociacién Civil Cimarrén Equino (ACCE). Su misién es proteger a todas las
poblaciones de caballos y burros cimarrones del pais. Los investigadores de la Universidad Nacional
del Sur (UNS), institucién local, participaron del conflicto brindando evidencia de los siguientes
argumentos: los caballos cimarrones son una especie introducida invasora, causan impacto sobre la
biodiversidad, su demografia sugiere que crecen rdpidamente y se recuperan ficilmente del control
poblacional. Los defensores de los caballos cimarrones se opusieron al manejo. Presentaron argu-
mentos asignando a los caballos cimarrones los siguientes valores: importancia cultural e histérica,
estética, composicion genética Unica, estatus de especie «nativa» reintroducida (en términos paleo-
histéricos), y parte del ecosistema. Las autoridades del PPET decidieron suspender el manejo en
2012, finalizando asi el conflicto, pero no resolviendo el problema socio-ambiental de fondo.
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Existen interesantes paralelismos entre el conflicto en Argentina y los ocurridos en otros paises.
Los actores involucrados son similares y los argumentos se repiten. Algunos rasgos particulares de
este conflicto son: ausencia de un plan de manejo basado en evidencia cientifica, escasa participacién
del gobierno en las discusiones e inexistencia de procesos legales. En el ano 2013 los investigadores
de la UNS presentaron oficialmente una propuesta de Estrategia de Manejo de los caballos cima-
rrones en el PPET. Si bien atin no ha sido implementada, recientes conversaciones con las presentes
autoridades y también con el Presidente de ACCE auguran un futuro promisorio. La dimensién
humana del conflicto es un aspecto crucial a tener en cuenta para arribar a una posible solucién en
el manejo de caballos cimarrones. Algunos autores han propuesto recientemente que los problemas
de conservacidn, incluyendo el manejo de especies invasoras, sean abordados desde una perspectiva
socio-ecoldgica. Esto implica el estudio de los valores y las actitudes de los distintos actores de la
sociedad en pos de soluciones més efectivas y éticas. Existen importantes desafios a futuro para un
mejor manejo de las poblaciones de caballos cimarrones en la Argentina: difundir ampliamente las
evidencias cientificas, lograr una participacién activa y transparente de las autoridades, contar con
planes de manejo de caballos cimarrones basados en ciencia y con amplia participacién del puablico,
y con inclusién de profesionales de las ciencias sociales. Ademds, se deberfa integrar esta especie en la
Estrategia Nacional de Especies Exéticas Invasoras (Ministerio de Ambiente y Desarrollo Sostenible).

El manejo de caballos cimarrones como mamifero invasor en la Argentina es complejo y con
multiples aspectos. Para hallar una solucién en el futuro, este problema debe ser tratado de manera
estratégica y colaborativa. Si bien hay importantes desafios por delante, existen evidencias y antece-
dentes de la voluntad de llegar a un manejo participativo y basado en ciencia estd disponible.

Introduction

Horses (Equus ferus caballus) are large, herbivorous mammals and members of the
family Equidae in the order Perissodactyla (Bennet and Hoffman, 1999). Horses originated
in North America four million years ago and migrated through the Bering Isthmus to Eur-
asia and through the Panama Isthmus to South America during the Great American Biotic
Interchange (GABI); later, they dispersed widely (Mc Fadden, 2005). By the end of the
Pleistocene, all horses in America had become extinct (Alberdi and Prado, 2004; Mc Fad-
den, 2005). When domestic horses escape from human control or are liberated in natural
areas, they can revert to a form of life similar to that of wild equids and are termed “feral”
(Berger, 1986; Douglas and Leslie, 1996).

During European colonization of the Americas, horses were re-introduced to the conti-
nent. In Argentina, the first horses were brought by Spaniard colonizer Pedro de Mendoza,
when he founded Buenos Aires in 1536. The first settlement was destroyed by indigenous
inhabitants of the area, and when Pedro de Garay founded a new settlement in the same
place, he discovered there were already thousands of feral horses descended from the origi-
nal introduction (Cabrera, 1945). During the 16th century, many other horses entered
Argentina from Chile and Peru, accompanying the colonists that established the first Euro-
colonial cities. These horses, and many others that escaped, founded the first feral horse
populations, which expanded rapidly to inhabit the Pampean region, northeast and central
Argentina and the Andes mountains region (Cabrera, 1945). These early introductions were
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of horses of Andalusian-Barb ancestry, and they later became the Argentine Criollo horse

breed.

Horses as introduced invasive species

Introduced invasive species are defined as those species that are transported outside
of their native range, establish populations and cause environmental damage (CBD, 2017).
Introduced invasive mammals are present worldwide and are deemed by some sectors of
society to be a serious biodiversity conservation problem (Lever, 1994; Long, 2003; White
et al., 2008). In particular, feral ungulates are a highly successful group of invasive species,
and their management has motivated considerable effort and investment in many coun-
tries, including Australia (Bradshaw ez a/., 2007), New Zealand (Parkes and Murphy 2003),
and the United States of America (USA) (Douglas and Leslie 1996; Witmer ez /., 2007).

Horses were introduced by humans outside their native range in many countries on
every continent except Antarctica (Lever, 1994; Long, 2003). Feral horses are considered
invasive in many of these countries (Lever, 1994; Long, 2003), including Argentina (No-
villo and Ojeda, 2008; InBiAr, 2017). They are especially abundant in Australia and the
western USA, and at high population densities, they have large impacts on the environ-
ment through overgrazing and trampling (Dobbie ez al., 1993; Beever and Brussard 20004a;
Dawson et al., 20006).

Feral horse populations in Argentina are mainly distributed in the Andean zone of the
Cuyo and Patagonia regions, but their geographic location, size and origins remain under-
studied (Scorolli, 2016). Some populations occur in natural protected areas, like Parque
Nacional Bosque Petrificado de Jaramillo and Parque Nacional Los Glaciares, both of which
are in Santa Cruz province, and the largest and most-studied population is found in Parque
Provincial Ernesto Tornquist (PPET), located in the Pampas region of southwestern Buenos
Aires province (Merino ez al., 2009; Scorolli, 2016).

Feral horse management is often very conflictive and controversial (Dobbie ez a/., 1993;
Symanski, 1996; Beever and Brusard, 2000b; Dawson ez /., 2006; NRC, 2013). Where
the species is considered invasive, management is usually aimed at reducing the population
size or density to minimize damage (Nufez ez al., 2016). These goals are achieved in differ-
ent ways, including lethal methods or live capture and subsequent adoption by the public.
Conflicts usually arise between governmental agencies or authorities and non-governmental
organizations (NGOs) or horse protection groups, as has occurred in the USA, New Zea-
land, Canada and Australia.

In Argentina, feral horse management has been inconsistent and relatively unorganized.
Formal efforts have only been initiated in one natural protected area: PPET (Scorolli,
2016). The conflict that arose between a group of horse defenders and government authori-
ties when management of PPET's feral horses was attempted has been briefly described
elsewhere (Scorolli, 2016, 2018). The aim of this chapter is to elaborate on these previous
descriptions to analyze the values involved and arguments offered by the opposing groups
and add a comparison with conflicts that have arisen in other countries. These findings pro-
vide insights to potential solutions and highlight gaps and challenges for future feral horse
management in Argentina.

114



Feral horse management conflict

The conflict over management

The management and conflict of horses in a protected area

PPET is a natural provincial protected area, consisting of 6,770 ha located in the
Ventana Hills of the Pampas region in southwestern Buenos Aires province (38°00 S and
38°10'S; 61°45' W and 62°8' W). Its main goal is to preserve the biodiversity of the hill-
grassland ecosystem (Fiori et al., 1997). The area has a rich plant community with more
than 600 species (Long and Grassini, 1997), and the presence of endemic plant and animal
species brings special value to this reserve (Kristensen and Frangi, 1995).

Domestic Argentine Criollo horses were introduced to the area in 1942, but soon became
feral and increased their population without management. They were studied for the first
time in 1995 (Scorolli, 1999). In 2002, their density was extremely high, at 35 horse/km?,
and the population was approaching carrying capacity (Scorolli and Lopez Cazorla, 2010).
Researchers studied their demography and population dynamics (Scorolli and Lopez Ca-
zorla, 2010), as well as their impacts on vegetation (Loydi and Distel, 2010), the bird
community (Zalba and Cozzani, 2004) and interactions with introduced invasive plants
(de Villalobos ez al., 2011). In 2006, government authorities in charge of the protected
area, based on an assessment from previous years made by university researchers, decided to
initiate management efforts for this feral horse population (Scorolli, 2016, 2018). The goal,
defined by a provincial government decree (PEPB, 2006), was to eradicate the population.
The Universidad Nacional del Sur (UNS) was not involved nor consulted, and the plan
proceeded without public knowledge (Scorolli, 2016, 2018). Feral horses were trapped with
mobile-corrals, and in two years of management, 220 horses were captured. Most of them
were relocated, and 80 were euthanized by the Army Equine Veterinary Division (Scorolli,
2016, 2018). At this time, during a political speech made by the former provincial gover-
nor in a meeting of the local ranchers' society (Asociacién Rural), some public protests and
verbal attacks were made on the authorities. In 2011, a group of horse defenders initiated a
series of protests in the local and regional media against the described management actions.
They attacked the authorities and also the researchers who had provided the evidence that
promoted control (Scorolli, 2016, 2018). The horse defenders opposed this goal, denying
the impacts on biodiversity and opposing the labeling of horses as an introduced invasive
species. When biologists responded to these criticisms with scientific evidence, the conflict
escalated. A Facebook group was created that in only a few months reached 5,000 members.
Members posted messages and gave radio interviews, uploaded videos and wrote notes in
online newspapers (Scorolli, 2016, 2018). The group consolidated and later founded an
NGO called Asociacién Civil Cimarrén Equino (ACCE — the Wild Horse Civil Associa-
tion) with the explicit goal of conserving all feral equine populations, including horses and
donkeys (Equus africanus asinus), in Argentina (ACCE, 2011).

The controversy persisted for two years and also involved conservation NGOs and PPET
park rangers. Government agencies remained almost silent during this time, perhaps be-
cause they were finishing their mandate period (Scorolli, 2018). After the election, the new
responsible authorities, who were staff from a newly created environmental agency called
the Organismo Provincial para el Desarrollo Sostenible (OPDS —the Provincial Agency for
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Sustainable Development), contacted the ACCE group. They promised them a participa-
tory meeting and even agreed to give them control of the feral horses, but this never hap-
pened. Finally, managers made the decision to stop feral horse management and the conflict
ended. However, the socio-ecological problem of feral horses as a biological invasion con-
tinues today (Scorolli, 2018).

The arguments of researchers

Feral horses as invasive species. Domestic horses originated in Eurasia approximately
5,000-6,000 BP (Pennisi, 2001; Olsen, 2016) and are considered an introduced species
in Argentina (Novillo and Ojeda, 2008; InBiAR, 2017). In PPET, they were established in
the 1940s, and the population expanded to occupy all available areas in the reserve. They
are the dominant large herbivore, and in 2001-2002 were found to have reached very high
densities and cause significant environmental impacts (Scorolli and Lopez Cazorla, 2010).

There is some uncertainty about the current taxonomic status of feral horses (Groves,
2002). The modern horse species was first described by Linnaeus from a domestic specimen
type (Bennett and Hoffman, 1999). The taxonomy and phylogeny of the Eguus genus is
complex and still not fully understood (Groves, 2002). It is not completely clear who was
the domestic horse's ancestor (Kefena ez al., 2010). The Eurasian tarpan (E. ferus ferus) is
one candidate, but insufficient evidence supports this claim. The Mongolian wild horse or
takhi (E. ferus przewalskii) is the only true wild horse at present. However, recent research
strongly suggests that it is not the domestic horse's ancestor, but rather these are two sepa-
rate lineages (Orlando ez 4/., 2013). Some authors consider that the scientific nomenclature
E. caballus should be retained for both the domestic form and feral populations of horses
(Gentry et al., 2004).

Demography and population dynamics. Feral horses in many countries have few if any
predators. They show moderate fecundity, very high survival rates, and their average annual
population growth rate worldwide is 18% (Ransom ez /., 2016). These life history char-
acteristics allowed feral horses to recover rapidly, even after population size reductions, and
clearly limits the efficacy of inconsistent control methods (NRC, 2013). There is evidence
that the PPET population shows density-dependence and has been food-limited, with an-
nual mortality as high as more than 80 horses, dying mostly from starvation (Scorolli and
Lopez Cazorla, 2010). After two important population reductions, one of 30% caused by
mass-mortality in 2002 and another of 50% by management in 2006-2007, the popula-
tion recovered its initial size in just four to five years (Scorolli, 2016, 2018).

Impact on biodiversity. Feral horses are considered to be a problem species by environmental
scientists and managers in many countries, and their environmental impacts were studied
in the USA (Beever and Brussard, 2000a, 2004; Beever and Herrick, 2006), New Zealand
(Rogers, 1991) and Australia (Dawson ez al., 2006; Cherubin ez al., 2019; Robertson ez al.,
2019). In PPET, important evidence was obtained from 2000 onwards about the impacts
on the grassland bird community (Zalba and Cozzani, 2004), vegetation composition and
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structure (Loydi and Distel, 2010; de Villalobos and Zalba, 2010; Loydi ez a/., 2010; Loydi
et al., 2012; de Villalobos, 2016), impact of dung-piles as dispersers of introduced invasive
plants (Loydi and Zalba, 2009), and facilitation of introduced invasive trees like pines
(Pinus halepensis) (de Villalobos ez al., 2011). Habitat modification would also be expected
to affect the population of endemic animals, such as rodents and lizards, but this has not
been studied.

Legal framework. Argentina has ratified the Convention on Biological Diversity (CBD,
2017), and as part of this multi-lateral treaty has obligations concerning biodiversity conser-
vation and invasive species management. Also, the Administracién de Parques Nacionales
(APN —National Parks Administration) published a report that presents its official position
about the need to prevent and control invasive species in national parks (APN, 2007). The
Argentine National Fauna Conservation Law (#22,421) and Resolution #376/97 from the
Secretaria Nacional de Ambiente y Desarrollo Sostenible (SAyDS—National Secretary of
Environment and Sustainable Development) similarly made pronouncements against in-
vasive species in any area of national biodiversity value, particularly protected areas. Plus,
a provincial law in Buenos Aires province about Natural Protected Areas (#10,907) clearly
states that introduced species should be managed.

Even when some “post-modern” critics suggest that expert opinion, including that of
scientists, is almost without any value to society (Symanski, 1994, 1996), the legal norma-
tive framework represents the legitimized norms, standards or compromises that guide the
actions of a nation's policies and inhabitants. To institutionalize further its position with
regards to introduced and invasive species, Argentina is also developing and implementing a
National Invasive Exotic Species Strategy with the financial support of the Global Environ-
ment Facility (GEF), administered through the Food and Agriculture Organization (FAO)
and broad participation of government and academic institutions (FAO, 2016).

Arguments from horse protectionists

Cultural and historical value. The members of ACCE claim, as one of the main arguments
against management, that feral horses are a very important part of Argentine rural culture
and history. Popular culture is defined as a group of practices and manifestations that ex-
press the way of life in a place or country (RAE, 2017). It is true that Argentine Criollo
horses have played a vital role in the rural way-of-life throughout history since European
colonization (Brailovsky and Foguelman, 1991; Taboada, 1999; Dowdall, 2003). Histori-
cally, Argentina and the Pampas have been famous around the world for their livestock,
and still today Argentina is often considered a “horse nation,” where livestock breeding is a
traditional and economically important activity.

Many travelers and historical chroniclers, such as Faulkner, Paucke, Dobritzhoffer, Aza-
ra, D'Orbigny, and Darwin, referred in their works that in the rural landscape of the past,
feral horses were incredibly abundant and mostly used as a source of tamed animals for
work and as a renewable resource that produced meat and fat for consumption and leather
for export (Taboada, 1999). Later, when the era of ranches consolidated, feral horses were
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viewed by ranchers as a problem or a pest, because the big herds often destroyed fences, in-
frastructure, and even “stole” domestic horses, causing considerable damage to commercial
ranching activities (Brailovsky and Foguelman, 1991; Taboada, 1999).

Indigenous peoples also have intensely used feral horses since the 18th century; they ate
their meat, used their fat, and traded live animals and hides (Alioto, 2011; Pedrotta, 2016).
During the 18th and 19th centuries, hundreds of thousands of Argentine Criollo horses
were used in the independence war against Spain, as well as in wars against neighboring
countries and in Argentina's own fierce civil war (Cabrera, 1945; Taboada, 1999). Many
domestic horses died in the battles during this period. The ACCE proposes that feral horses
must be honored as war heroes or “patriots.”

The domestic Argentine Criollo horse was, and still is, highly valued by rural people, but
that is not the case of feral horses. However, this distinction between domestic and feral is
apparently poorly understood in many social contexts. At present, only 10% of the Argen-
tine human population lives in rural areas (INDEC, 2010). Therefore, most of the public's
experience with feral horses is indirect. Only in PPET is it possible for tourists to have some

Figure 1. Herd of feral horses in Parque Provincial Ernesto Tornquist, Argentina.
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contact with feral horses, but this possibility is reduced by the deteriorated conditions of the
inner roads that cross the area.

Aesthetic value. The value assigned to a species due to its beauty or symbolism is frequently
a reason for its protection and conservation (Pearson, 2016). Feral horses are viewed as
beautiful animals by most people (Fig. 1), and aesthetic value is one of the reasons for their
protection in many countries (Dawson et al., 2006; NZ DOC, 2012; NRC, 2013; ITRG,
2016).

Genetic uniqueness. The ACCE also proposes to value PPET's feral horses based on a sup-
posed unique genetic composition. The breed that was the reported source of this popula-
tion is Argentine Criollo, from the famous horse breeder Emilio Solanet in Ayacucho. This
is the most common breed in rural Argentina. However, there has yet to be any genetic
study of the PPET feral horses that could help to clarify this purported value.

Reintroduction of a “native” species. Some researchers in the USA and Europe have pro-
posed “rewilding” as a conservation restoration tool to reintroduce large mammals that
went extinct during the Pleistocene by bringing back the same or ecologically similar spe-
cies to their former habitat (Donlan ez 4l., 2006; Donlan, 2007). This proposal has been
highly criticized (Rubenstein ez 4/., 2006; Rubenstein and Rubenstein, 2016), but in a re-
cent work by Naundrup and Svenning (2015), the potential area suitable for reintroduction
of horses was analyzed for Argentina and a large part of South America.

During the Pleistocene in Argentina, there were horses of the genera Eguus and Hippi-
dion (Alberdi and Prado, 2004). The Equus species found in Argentina included E. neogeus,
perhaps somewhat similar to the E. caballus of the Pleistocene (Prado and Alberdi, 1994),
but different from the domestic breeds that were artificially selected by humans for millen-
nia. The factors that caus