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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

[11



CONTENTS

10

LIST OF REVIEWERS....... VII

FOREWORD IX-X
DANIEL SIMBERLOFF

INTRODUCED AND INVASIVE MAMMALS: CONCEPTUAL AND HISTORICAL PERSPECTIVES
FOR ARGENTINA ..o 1-30

S.YASMIN BOBADILLA, ANDREA DEL PILAR TARQUINO-CARBONELL AND RICARDO A. OJEDA

RECONCEIVING BIOLOGICAL INVASIONS AS A SOCIO-ECOLOGICAL PHENOMENON
USING THE CASE STUDY OF BEAVERS IN PATAGONIA........ 31-51

CHRISTOPHER B. ANDERSON AND J. CRISTOBAL PIZARRO

CHARISMA AS A KEY ATTRIBUTE FOR THE EXPANSION AND PROTECTION OF SQUIRRELS
INTRODUCED TO ARGENTINA 53-73

M. LAURA GUICHON, MARIELA BORGNIA, VERONICA BENITEZ AND A. CECILIA GOZZI

HUNTING AS A DRIVER OF MAMMAL INTRODUCTIONS........ 75793

SEBASTIAN A. BALLARI, M. NOELIA BARRIOS-GARCIA, JAVIER SANGUINETTI, HERNAN PASTORE AND
M. FERNANDA CUEVAS

[MPACT OF INTRODUCED INVASIVE HERBIVORES IN PATAGONIAN FORESTS ...ovvvvernerrrirracneens 95-110

M. NOELIA BARRIOS-GARCIA, CAROLINA QUINTERO, YAMILA SASAL, SEBASTIAN A. BALLARI, AGUSTIN VITALI AND
MARIANO A. RODRIGUEZ-CABAL

MANAGEMENT OF FERAL HORSES AS INVASIVE MAMMALS: BIODIVERSITY
CONSERVATION VERSUS CULTURE? ....oriiiieee e 111-126

ALBERTO L. SCOROLLI

PROGRESS OF BIOLOGICAL INVASION GENETICS AND THE MANAGEMENT OF INVASIVE
MAMMALS IN ARGENTINA 127-141

MARTA S. LIZARRALDE, MARIANA FASANELLA, SEBASTIAN POLJAK AND MAGALI GABRIELLI

DISEASE RISKS FROM INTRODUCED MAMMALS 143-172
MARCELA M. UHART

EXOTIC SPECIES IN THE FORMAL EDUCATIONAL SPHERE IN ARGENTINA ....ooevvvcmrrriernnrrirrnereens 173-191
CLAUDIA M. CAMPOS, GONZALO M. BERMUDEZ, GABRIELA B. DIAZ AND ALFREDO VILCHES

MEDIA REPRESENTATIONS OF INTRODUCED INVASIVE MAMMALS: A COMPARISON
BETWEEN TRENDS IN ARGENTINA AND TIERRA DEL FUEGO PROVINCE......ccoccccomrrrrmrerrncreens 193-205

VALERIA CAR, NATALIA ADER, CHRISTOPHER B. ANDERSON AND ALEJANDRO E.J. VALENZUELA

FACT SHEETS ON THE INTRODUCED INVASIVE MAMMALS OF ARGENTINA

Antilope cervicapra | blackbuck, antllope NEGIO ..............ccceeueeummmmrrseeeeeeseeeieeeesssssssssseeeessssseseesssssesseseee 209-213
SEBASTIAN A. BALLARI

AxES AXES | CNILAl, CIEIVO @XIS.....u.oeoeeoeececececeeceee ettt s s s s s saesass s s ses s sssnsans 215-221
JUAN F. TELLARINI, MARIANO L. MERINO AND JAVIER A. PEREIRA

Bubalus arnee bubalis| wild water buffalo, bUfalo @SIAtICO ............o.ovvrveereeeeeeeeeeeeeeeeeee s 223-229
LUCIA I. RODRIGUEZ-PLANES, SEBASTIAN CIRIGNOLI, DIEGO VARELA, MARTA S. KIN AND MARTIN MONTEVERDE



VI

Callosciurus erythraeus | Pallas's squirrel, ardilla de VIENtre rojo ................eecerceceeeeeeeeeessmmmssssrecceeeeenens 231-242
A. CECILIA GOZZI, VERONICA BENITEZ, MARIELA BORGNIA AND M. LAURA GUICHON

Canis lupus familiaris| domestic feral dog, perro doméstico asilvestrado... ...243-248

IAN BARBE, ALFREDO N. CLAVERIE AND ALEJANDRO E.J. VALENZUELA

Castor canadensis| North American beaver, Castor aMeriCaNO ..............oo..ovwovvevverereeereeeeseeeseeeeeeeseeesneen: 249-254
CHRISTOPHER B. ANDERSON AND CATHERINE ROULIER

Cervus elaphus| red deer, CIErvo COIOTaUO.............vvwwwwwweeeeiesseeereeeeeeeeeeeeeassessssseeeeessssssssssssssssseseceeeenens 255-263
JO ANNE M. SMITH-FLUECK AND WERNER T. FLUECK

Chaetophractus villosus| large hairy armadillo, PElUO............rvvvvvvvvveeeerresscereecevreerieeeissessesseeeeeeeenens 265-271
SEBASTIAN POLJAK, MAGALI GABRIELLI, JULIETA SANCHEZ AND MARTA S. LIZARRALDE

Rodentia: Muridae | commensal rodents, roedores COMENSAIES .............cceeveveeeievevceereieieeeeeeeeeese e 273-286
Mus musculus | house mouse, ratén doméstico

Rattus norvegicus | Norway rat, rata parda o noruega

Rattus rattus| black rat, rata negra o de los tejados

REGINO CAVIA AND ISABEL E. GOMEZ VILLAFANE

Dama dama | fallow der, CIEIVO daMa......cvveieceriececeeve ettt ane 287-291
M. NOELIA BARRIOS-GARCIA

Felis sylvextris catus | domestic feral cat, gato doméstico asilvestrado..........ccevevevreererrrerereressrienennns 293-299
IAN BARBE, ALFREDO N. CLAVERIE AND ALEJANDRO E.J. VALENZUELA

Feral livestock, ganado CIMAITON...........ccvuuiiirieieiiieeretc ettt sttt ettt 301-309
Equus ferus caballus| feral horse, caballo cimarrén

Equus africanus asinus | feral donkey, burro orejano

Bos primigenius taurus| feral cattle, vaca

Capra aegagrus hircus | feral goat, cabra

ALBERTO L. SCOROLLI

Lagomorpha | European hare and rabbit, liebre y CONejo @UIrOPEOS .........c.cvueeeeiereenieneineineineiseseieeeaees 311-317
Lepus eumpﬂeml European hare, liebre europea

Oryctolagus cuniculus| European rabbit, conejo europeo o de Castilla

ALEJANDRO E.J. VALENZUELA

Lymlapex gymnocercus | PAMPa fOX, ZOITO GFiS....rvvurvriieirririerisieieesiiesseissasis e sssssssesss s ssssss st s ssssansnes 319-322
ALEJANDRO E.J. VALENZUELA

Neogale vison | American mink, VISON @MEFICAN0 ..........ccuevevieruereeieeieieeeeeseseseesesese e seseesessseseesesessaesenas 323-328
ALFREDO N. CLAVERIE, IAN BARBE, L. ALEJANDRO VILLAGRA AND ALEJANDRO E.J. VALENZUELA

Ondatra zibethicus | muskrat, rata AIMIZCIEIA...........oo.oveeeeeeeeeeeeeeeeeee e eeeees e sesssesees 329-333
GUILLERMO A. DEFERRARI

St SCTOfA | WIld DOAK, JADAIN ....ccoveveccerre e eeeeeeeessss s 335-340
M. FERNANDA CUEVAS



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



2 | RECONCEIVING BIOLOGICAL INVASIONS
AS A SOCIO-ECOLOGICAL PHENOMENON
USING THE CASE STUDY OF BEAVERS IN
PATAGONIA
RECONCEPTUALIZANDO LAS INVASIONES BIOLOGICAS

COMO UN FENOMENO SOCIO-ECOLOGICO USANDO
EL CASO DE ESTUDIO DEL CASTOR EN PATAGONIA

Christopher B. ANDERSON"2 and J. Cristobal PIZARRO"*

' Austral Center for Scientific Research (CADIC - CONICET), Houssay 200, 9410 Ushuaia, Argentina.
canderson@alumni.unc.edu

2|nstitute of Polar Sciences, Environment and Natural Resources, National University of Tierra del Fuego, Fuegia
Basket 251, 9410 Ushuaia, Argentina.

*Current affiliation: Laboratorio de Estudio del Antropoceno (LEA), Departamento de Manejo de Bosques'y
Medioambiente, Facultad de Ciencias Forestales, Universidad de Concepcion, Victoria #631, Barrio Universitario,
Casilla 160-C, 4030000, Concepcidn, Chile.
jpizarrop@udec.cl

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.

SAREM | Series A - Mammalogical Research, Vol 3 | 2023
31



Anderson and Pizarro

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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