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ANDINA workshop held at Hotel Tronador in Nahuel Huapi National Park, Argentina,
January 2018

The profound changes to Earth’s climate, oceans, and land surfaces resulting fram huma
activities have heralded what is referred to as the Anthropocene epoch & Maisin, 2015).
Species arefespomgj to these changes in complex ways (Lesiodt., 2010; Schweigezt al.,
2010; Tingleyetal., 2012), creating one of the most pressing scientific challenges of our time: a
need to'betterunderstand the effects of environmental change on species’ idissiiBet!et
al., 2017)Addressing this requirement speaks to our ability to predict and mitigdieersity
loss as well as declines in ecosystem services. However, rates of introductions, extinctions, and
range changes,in the Anthropocene have outpaced our ability to fully comprehend these changes
to speciesdistributiorslet alone provide solutions to any problems these changes create for
conservation.

The ANDINA workshops were designed to foster the type of alsxspline
collaboratien and debate that advances our understanding of complex challenges to Iyodiversi
The fourthswoerkshop in the ANDINA series brought together 33 ecologists, socialssieard
evolutionary biologists from five continents to specifically address speaaiegé shifts and the
role that'lecal adaptation plays in shaping species’ distributions. The worksisoprganized
around three major themes: the implications of range shifts and local amrafiiatonservation;
the evolutionary and ecological drivers of range shifts; and the evolutionary angiesatolo
consequences of range expansion and local adaptation. Here, we summarize some of our

deliberations'en each theme, and outline unresolved issues that regheeifwrestigation.

Range shifts and local adptation from a conservation perspective

Glaobal change and the resulting impacts on species’ geographic distributions ehalleng
traditional conservation practices focused on the existing complement of species and resources in
a given arga (e.g. protected areas and resource holdings; Boretlalak2018). Specifically, in
an era of range shifts and movement (i.e. directly or indirectly arising frdmogogenic
environmental change), the community composition of regions is changing, creating novel
interadions between species (Schweigeal., 2010) and new challenges for resource users and
managers. In light of these changes it is critical for scientists and land managers te both re

evaluate management goals and consider new approaches to conservation.
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One consideration for which there was general consensus during the ANDINA workshop,
is the need to incorporate different scales of biological organization into management practices.
In addition to species and their communities, the distribution of spafiéles and genotypes
may be important in the context of changing environments. This need is already irtearpora
into some adaptive management strategies (e.g. bioengineering and translocatsn effo
Dumroeseet al.4 2015; van Oppeeé al., 2015;Princeet al., 2017). However, gaps in our
understanding of how diversity at different biological scales is changing, thetiofpange
shifts on community composition in different areas, and the relative impertdihacal
adaptation to the lontgrm persistence of species contributehe increasing uncertainty facing
managers

On‘a'more fundamental level, rapid and widespreadgés in species’ distributions
challenge the very premise of conservation. The question of how individual and sotisgsl va
drive attitudes towards change, management priorities, and even the sciencedihéé\ge
Vellend 2017; Kareiveet al., 2017) was raised at the workshop. For instance, how do we
classify (from=a conservation perspective) and manage specieswbaathiied their ranges of
their own accord in response climate change and that are having negative impacts on recipient
communities (Webber &cott, 2012)? Do we treat these species the same way as we treat non
native species introduced by humans? Aslarotxample, is it time to worry less about
individual species and more about maintaining the maximum complement of phyiogenet
uniqueness in a region or the adaptive potential of populations (Rodetgale2005; Tuckeket
al., 2017)?/Meeting delegatdad different perspectives on these issues, underscoring the
challengesite-achieving consensus on how best to apply scientific knowledge to conservation
issues. Clearly, a great deal more discussion and development of these topicsagrartierient

stakeholders and experts from other disciplines (e.g. economics, sociologis eéajled.

Ecological.and.evolutionary drivers of range shifts

Classic niche theory holds that the geographic area occupied by a species (i.e. it's
geographicrange) represents regions where abiotic conditions are soitab&edurvival and
reproduction of the species, where the species can contend with the suite of biotic interactions it
encounters, and where dispersal (i.e. colonization) has not been prevented (Gaston, 2003;
Soberon, 2007). Shifts in species’ geographic ranges imply changes to one or more of these
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91 ecological factors. For instance, the native ranges of many species have moved upslope or
92 poleward in response to climate change and shifting abiotic conditions ¢Cider2011,;
93 Sundayet al., 2012; Freeman & Freeman, 2014). Similarly, mative species invasions occur
94  when dispersal constraints are removed (e.g. species are introduced betwiaentsatmoved
95 long distances), often concomitantly releaspgcies from natural enemies. However, there is
96 tremendous variation in the extent to which species respond to changing circumstasiogs
97 the question:'what makes some species more likely to shift their range in response to climate
98 change orto'becoema successful invader?
99 Meeting delegates agreed that getting a better handle on the relative impoftance
100 different eecological drivers to range limits is necessary to understandamiiatiative and non-
101 native range changes. Recent syntheses of beeardge transplant experiments and niche
102 models have suggested that species are often-rietber than dispersallimited (Hargreaves
103 etal., 2014; LeeYawet al., 2016). Yet the majority of the species included in these syntheses
104 were plantsand focusedmelevational range limitgnd most studies experimentally testing the
105 ability of speeies to contend with conditions beyond the range suffered from one or more
106 methodological issug$iargreavest al., 2014). Direct quantification of the demographic efec
107 of different.ecological factors influencing range limits is needed in mang taga and for
108 different.types of range limits (i.e. geographical versus elevational liffiishermore, the
109 experimental tractability of considering dispersal, abiotic, or biotic drivers of range limits in
110 isolation ignores potential synergies between these fa@begandert al., 2015) Empirically
111 quantifyingsinteractions between different range limiting factors renaamgechallenge yeis
112 likely necessary to explain variation in the response of species to novel environments.
113 The importance of adaptation during range expansion was another unresolved question
114  brought faorth during the meeting. Specifically, how often do range changes simply involve
115 tracking suitable yet shifting conditions versus evolution of the niche itself (\Wti@hs 2005)?
116 Likewise, do.the introduced ranges of nuative species simply reflect niche filling of
117 previously.inaccessible areas, or are theyékalt of niche shifts following introduction
118 (Atwateretal.;;2017)? In both cases understanding the conditions that promote or hinder
119 adaptation during range expansion is important.
120 Finally, in the conclusion of his 2009 synthesis of range limits, ecologist Kevin Gaston
121 wrote “there may be few truly general patterns as to the determinants of the limits of geographic
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ranges, with most claimed generalities at least having many exceptions” (Z&€8h Does

the extreme variation in climateediaed range shifts among species (e.g. Angeat., 2011,
Tingley et al., 2012) reflect the idiosyncratic nature of range limits, or, with enough data, will we
be able to produce models that allow us to accurately predict the consequences of global
environmental.change on species’ distributions and biodiversity? Perhaps thefeearc
generalities is.a question of scale. For instance, even if additional stodigsie to support the
general‘conclusion that range limits reflect niche constraints (i.e. Hargetale2014; Lee-

Yaw et al."2016), the specific genes and traits that determine the set of conditions thagés speci
can tolerate along a given niche dimension and the processes that govern the evohdasm of t
traitsmay diffemamong species.

Ecological and evolutionary consequences of range expansion and local adaptation
Although ecological and evolutionary processes drive local adaptation and range
expansion;.the reverse is also true: adaptation and range expansion can impagipilteesss
that generatesehange in the first place.ikRstance, range expansion can plsgecies into novel
environmentss(abiotic and/or biotic) and can lead to new ecological challendexh the
arriving species as well as the recipient community. Rang@nsion can also result in Allee
effects, impacting demographic properties at the expansion front. From anananyti
perspective, as populations become locally adapted, selection may eliminate genetic variance
(Walsh 2004) limiting the future adaptivpotential of populations. Likewise, range expansion
can lead terreductions in genetic variation through successive bottleneckt,(He96;
Dlugoschetal2015; Zenngt al., 2017) andnay lead to the fixing of deleterious alleles
through allele surfing (Peiclet al., 2013; Traviset al., 2007; Hallatsheck & Nelson, 2009). How
then do local adaptation and range expansion ultimately impact the dynamics of populations?
Considering local adaptation, a major problem identified during the workshop is that
local adaptation is commonly assessed via comparisons of the relative performance of
individuals.from different populations based on one or more fithess components. Absolute
fitness is rarg,measured owing to the logistical difficulties of doing so; yet, this information is
needed to translate the performance of individuals into the demography of populations
(Hargreavest al., 2014). Thusthe impact of “local adaptation” (as most commamiyasured)
on population dynamics remains unclear. This issue represents a major dispagsniésory
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153 and empirical work, as many models for range limits assume that range expapstvemed

154 by the demographic consequences of maladaptatpecHially aresulting lack of dispersers

155 (i.e. range colonizergjom sinkpopulationsat the range edde.g. Kirkpatrick & Barton, 1997).
156  Without the data necessary to link individual performance to population demography, it is

157 unclear whether peripheral populations truly represent demographic sinks, andidhevgizct

158 of local adaptation (or maladaptation) on rates of range expansion.

159 With'respect to consequences of range expansions, workshop delegates concluded that
160 there is often"a‘discrepancy betweesntietical models and empirical studiEsr instance, a

161 leading evolutionary model for range limits is that low levels of genetic variation limit adaptation
162 at the edge ofithe range (see d&ston in Bridle & Vines, 2006; Sextahal., 2009). Studies

163 using neutral genetic markers have found mixed support for this hypothesis @eke2008;

164 Excoffieret al., 2009). Yet the distribution of relevant variation (i.e. variation that affects

165 phenotype; e.g. Rézshal., 2016) and consequences for fitnessain unclear in most cases.

166 Tests of other genetic consequences of range expansion (e.g. expansibatlead Gonzélez

167 Martinezetal2017; Peischét al., 2013; Williet al., 2017 also emain limited making it

168 unclear whether such effects are common. Likewise, the genetic architecture of adaptation is
169 largely unknown (i.e. number and effect sizes of different variants, theibdt&in in the

170 genome,and whether they demonstrate domindsitteert & Whitlock, 2017. There was a call
171 amongst workhop participants, especially amongst the theoreticians, for greater empirical
172 treatment of these questions, not only to advance our mechanistic understanding of range
173 dynamics,/butto address existing theory and inform the next generation of range limit models
174 Finallyy€consideration of both time and space is likely to be important when thinking
175 about the/consequences of range expansion on populations. For instance, are ttereedifife

176 the types of traits under selection during different stages géraxpansion (e.g. dispersal

177 capabilities,and mating system during early expansion vs. physiological toleadteces

178 establishment)? If so, then given potential tratfe-between traits (e.g. Jenkins and Hoffmann,
179 1999), how.does the early evolutionary trajectory of populations at the expansion front impact
180 subsequentevolution (Burt@hal., 2010; Perkinst al., 2016), and how might the genetic

181 architecture of adaptation change through time or space as expansion proceeds (Bl@atosch
182 2015} Likewise, how does spatial structure and the configuration of expanding populations
183 influence the genetic consequences of range expansion? These questions remain largely
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unanswered both theoretically and empirically and represent further steps in uiieystae

consequences of range expansion for populations.

Conclusions and future challenges

Understanding and addressing the impact of human-mediated environmental change on
biodiversity.represents one of the greatest challenges of theeftury. As vinen tackling any
complex issue;there is value in not only pooling collective resources and knowledgso it al
challenging‘accepted scientific “truths”, debating ideas that do not readily lend themselves to
consensus, and raising questions that defy our ability to provide answers using existing
technologysand, methods. The ANDINA series of workshops was created to provide such
opportunities for critical debate on research directions and objectives in a safe and egalitarian
environment (Cousens, 2017). The fourth ANDINA workshop, witpriegessional facilitation,
smalkgroup breakout sessions, relaxed setting, and myriad opportunities for informalidiscuss
led to lively. dialogue on the topic of range shifts and local adaptation in the Antbrepoc
These discussions highlighted many gaps in our understanding of the ecological and evolutionary
feedbacksthat‘govern species' range shifts. In many cases, the impediments to filling these gaps
are large,wyet the amalgamation of expert knowledge from diparsieipants led to several
creative and novel suggestions for empirical and theoretical work to addresgapssemany
of which are being implemented in various forthcoming papers from the workshop.

Although the Anthropocene challenges us with compl®haj problems, science now
operates at'scale®cessary to tackle these problems. Technology has enabled large,
internationakeollaborations, and the generation and sharing of vast amounts of ddta-Ha
hand with{increasing ease of communication shbalthe embracement of diversity in science.
The benefits of being a collection of investigators from different parts ofdhid virom
different disciplines, and at different career stages was not lost on the participants of the
ANDINA workshop—with many calling for even greater consideration of diversity in future
workshops.in‘thiseriesand in science in gener@lddressing the planet’'s most pressing
problems requires “all hands on deck” and collating knowledge across differenliniss;ip
cultures, ad peoples is critical to transcending current limits to our understanding afighifti

distributions and other changes to biodiversity in the Anthropocene.
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