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Abstract.
Theopportunitytoreflectbroadlyontheaccomplishments,prospects,andreachofafieldmaypresent
itselfrelativelyinfrequently.EachbiennialmeetingoftheInternationalBiogeographySocietyshowcases
ideassolicitedanddevelopedlargelyduringtheprecedingyear,byindividualsorteamsfromacrossthe
breadthofthediscipline.Here,wehighlightchallenges,developments,andopportunitiesinbiogeograͲ
phyfromthatbiennialsynthesis.Wenotetherealizedandpotentialimpactofrapiddataaccumulation
inseveralfields,arenaissanceforinterͲdisciplinaryresearch,theimportanceofrecognizingtheevoluͲ
tion–ecologycontinuumacrossspatialandtemporalscalesandatdifferenttaxonomic,phylogeneticand
functionallevels,andreͲexplorationofclassicalassumptionsandhypothesesusingnewtools.However,
advances are taxonomically and geographically biased, and key theoretical frameworks await tools to
handle,orstrategiestosimplify,thebiologicalcomplexityseeninempiricalsystems.Currentthreatsto
biodiversity require unprecedented integration of knowledge and development of predictive capacity
thatmayenablebiogeographytouniteitsdescriptiveandhypotheticoͲdeductivebranchesandestablish
agreaterrolewithinandoutsideacademia.
Keywords.communityassembly,ecologicalgenetics,functionaldiversity,multiͲtemporalexplanations,
phylogenetics,phylogeography,speciesdistributionmodeling,synthesis.
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Overview
Theopportunitytoreflectbroadlyon theaccomͲ
plishments, prospects, and reach of a field may
presentitselfrelativelyinfrequently.Theliterature
is voluminous, often biteͲsized, and lags behind
the innovations that are shaping research; ideas
areseldomgeneratedrapidlyandsharedinstantly
ineasilydigestibleformatsacrossthebreadthofa
discipline. The organized and chance discussions
that accompany any disciplinary meeting provide
a mechanism suited to stimulate synthesis and
innovation, but modern large meetings are often
difficulttonavigate.

The format of the biennial meeting of the
InternationalBiogeographySociety(IBS)1arguably
providesavenuethatispredisposedtoreviewing
andintegrationofthediversedisciplinesthatconͲ
stitute,orcontributeto,Biogeography.EachbienͲ

nial meeting is the culmination of ~1.5 years of
scoping ideas, gathering information from across
thediscipline,andnurturingthesesthatmatureas
synthetic symposia; these mature symposia are
given added context by a dozen contributed oral
and poster sessions solicited during the immediͲ
atelyprecedinghalfͲyear.Theorganizationofthe
biennial IBS meeting thus approximates multiple
attributes of an ‘horizon scan’ (Sutherland and
Woodroof 2009) in which a large portion of the
communityactivelyengages.Here,wereviewthis
readyͲmade panorama to highlight important deͲ
velopments,whatisconstant,seeminglyperpetuͲ
ally in flux, or starting to change, and to explore
novelandunexpectedissuesaswellaspersistent
problems and trends, including matters at the
marginsofcurrentthinkingthatmaybetransforͲ
mative.2

Figure 1.AwordcloudcomposedofbiogeographyͲrelatedtopicsextractedfromdraftsummariesofsymposiaand
contributedoralsessionsatthe6thbiennialmeetingoftheIBSwhichwerecompiledforthishorizonscan.ThisfigͲ
urewasmadeusingWordle,afterremovingtermsrelatingtoplace,taxon,ortime,andallnonͲbiogeographicwords
suchasarticles,conjunctions,prepositions,etc.Thenumberofindividualwordsintheanalysis,nw,totalled122.FigͲ
ures2–4showthecomplementarywordcloudsfortermsrelatingtoplace,taxon,andrelativetime,thuscovering
themajordimensionsofbiogeography.Awordcloudanalysiswasusedtoapproximatethefrequencyoftopicsat
the6thIBSmeetingwhiletacitlyacknowledgingthatthesemiͲqualitativeandderivednatureofthesedatacanonly
provideageneralguidetotheissuesaddressed,andrelativefrequencieswithwhichtheywereaddressed,andcanͲ
notsupportquantitativestatisticalinferences.Draftsummaries,ratherthanthefinaleditedversions,wereusedbeͲ
causetheyprovidedalessheavilyeditedrepresentationofthemeeting.Asterisksindicaterootwordsthatappeared
invariousforms:Analog*=analog,analogous;Compare*=comparative,comparing,comparison;Ecology*=ecolͲ
ogy,ecological;Fossil*=fossil,fossiliferous;Paleo*=paleobiology,paleoecology(includingalsotheirEnglishspelling
versionscomingfromPalaeo*).NotethatdiversetopicsmayberepresentedinasinglehighͲfrequency(i.e.large)
wordsuchas“Area”,somewordsorabbreviationsmayrefertothesameconcept(e.g.,SDMandENM),andmany
lowͲfrequencywordsmayhaveacommontheme(e.g.,namedgeologicintervals).
1The6thInternationalBiogeographySocietyConference–Miami,USA,9–13January2013consistedoftwodaysofsharedsymͲ
posiaandadayofconcurrentsessionsofcontributedoraltalks,spannedbyatwoͲdaypostersession.
2http://www.oecd.org/site/schoolingfortomorrowknowledgebase/futuresthinking/overviewofmethodologies.htm
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In this horizon scan of biogeography, we
purposefully retain something of an agglomeraͲ
tion of views—as a perspective through our conͲ
stituent compound eye. This decision is made in
large part because it is informative that themes
emergedmorethanonceacrosssymposia.Eleven
summariesarepresentedbelow,orderedtoassist
youinfindingthreadsandweavingyourownpatͲ
terns(seealsoFigures1–4),beforeweraisesome
ofthecommonandemergentthemesthatcaught
ourattention.


Symposiaandsessionsummaries


Globalbiogeography(R.Jansson)
Phylogenies and genetic data have become a
mainstay of biogeography, increasingly appearing
aslargeͲscalestudiesaimedatidentifyinggeneral
phenomena (e.g., Crisp et al. 2009, Wiens 2007).
For example, comparative phylogeography of 19
ungulate taxa distributed across the savannas of
subͲSaharan Africa provided highly concordant
evidence for several distinct southern savanna
refugia during Quaternary climatic oscillations
(Eline Lorenzen and colleagues). The longͲterm
stability of southern refuges, however, contrasts
with instability in East Africa that produced comͲ
plexintraͲandinterspecificpatterns(Lorenzenet
al. 2012). Comparative phylogeography of whole
assemblagesofspeciesthusprovidesperspectives
on regional histories unavailable (or at least unͲ
certain) from singleͲspecies approaches
(Hickersonetal.2010,Dawson2012a).

Likewise,insightsintoaspecies’historymay
be obtained by comparative phylogeography of
thespecies’parasites;mitochondrialandmicrosaͲ
tellite data of human lice (Pediculus humanus)
indicate strong geographic structure (Martina AsͲ
cunce and colleagues). Major phylogroups of
these lice evolved before the origin of modern
humans,suggestingdiversificationonotherhomiͲ
nidsandsubsequentzoonotictransfertomodern
humans,orretentionofdiverseancientcommuniͲ
ties during speciation of Homo sapiens. Current
populationsofhumanliceintheAmericasmirror
human host colonization; human lice diversified

into North and South American clades following
firsthumancolonizationofthecontinentwithadͲ
ditional immigration from Europe (Ascunce et al.
2013).

Coupling phylogenetic data with growing
databases of geographic occurrences and fossils
offers additional possibilities. The openͲsource,
selfͲupdatingplatformSUPERSMART3aimstoproͲ
duce fossilͲcalibrated chronograms of plants, aniͲ
mals and fungi. Also, SUPERSMART applies a
newly developed Bayesian metaͲanalysis apͲ
proach,toestimateratesofspeciation,extinction
andmigrationforareasandclades(AlexandreAnͲ
tonelli and colleagues). By obtaining data from
GenBank, the Global Biodiversity Information FaͲ
cilityandfossildatabases,theapproachwillallow
testing of questions such as how and when the
world’scurrentbiomeswereassembled,theevoͲ
lutionarysignificanceofbarriersamongareas,and
how different taxa and regions were affected by
climatechange.Another‘bigdata’initiative,using
22.5millionbotanicalobservationsfrom760data
providers, describes diversity and abundance for
alltheplantspeciesoftheAmericas(BrianEnquist
and colleagues). A high proportion of the species
are rare, having just one or a few observations.
Rare species are clustered in mountainous reͲ
gions,whereastheAmazonbasinharborsfewrare
species.

Thepotentialofcouplingphylogeneticwith
distributional data on many species will be realͲ
ized best when also integrated with matching
datasets on functional relationships, for example
betweenbodysizeandchemicalenergyavailabilͲ
ity for a large dataset of marine molluscs (Craig
McClain and colleagues). Based on information
about 1578 species, lower food availability sets
constraints on maximum size and potentially on
minimum size depending on cladeͲspecific ecolͲ
ogy.Incontrast,higherfoodavailabilitypromotes
greater niche availability and potentially allows
evolutionary innovation with regard to size
(McClainetal.2012).

Looking to the future, integrating geoͲ
graphic,phylogeneticandtraitͲbasedinformation
will shed new light on old questions regarding

3http://www.supersmartͲproject.org
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globalͲscale phenomena. As reliable globalͲscale
databecomesavailable,collaborativeefforts,such
asSUPERSMARTwhichintegratesdatafrommany
databases and the BIEN Project4 which tackles a
specific question, are poised also to achieve conͲ
ceptualintegration.PaleontologistsandneontoloͲ
gists might similarly integrate data, methods and
ideas on shared questions about global phenomͲ
enatothebenefitofall.


Phylogeneticbiogeography(J.ͲP.Lessard)
Phylogeneticapproachesinbiogeographyhavein
some cases largely affirmed known patterns, in
other cases revealed unknown and unsuspected
patterns, and in all cases enabled deeper underͲ
standingoftheroleofevolutionaryandhistorical
processes in shaping contemporary patterns of
biodiversity. A new comprehensive map of the
zoogeographicregionsoftheworld(BenHoltand
colleagues) based on phylogenetic turnover
among assemblages of vertebrates (i.e., most of
theworld'samphibians,birds,mammals)ishighly
similartotheseminalmapofWallace(1876),but
nevertheless reveals, for the first time, the phyͲ
logenetic (dis)similarity among zoogeographic reͲ
gionsthatmayreflectthesignatureofevolutionͲ
aryhistoryonvertebrateassemblages(Holtetal.
2013).

TimeͲcalibrated phylogenies (chronograms)
permit explicit tests of alternate hypotheses in
ways that were not possible before and thus can
help refine explanations for broadͲscale diversity
gradients. Using more than one hundred pubͲ
lishedphylogeniesofmammals,birds,insectsand
flowering plants, Jansson and colleagues tested
three evolutionarily based diversity hypotheses:
Tropical Niche Conservatism (TNC), OutͲofͲtheͲ
Tropics (OT), and differences in Diversification
Rate (DR). Even though most clades originated in
thetropics,cladestransitionfromtropicaltotemͲ
perate climate throughout their evolutionary hisͲ
tory,supportingtheOTbutnottheTNChypotheͲ
sis. Differences in diversification rates between
sistercladesdonotsupporttheDRhypothesisof
fasterdiversificationinthetropicsrelativetotemͲ
perateregions(Janssonetal.2013).


Coupling chronograms with ancestral area
reconstructionmodelsaddressesacoreinterestin
biogeography. By incorporating information on
historical connectivity among continents, LaͲ
grange likelihood models (Ree et al. 2005) can
more precisely estimate the history of entire
clades,includingtheorigin,movementandtiming
ofdiversificationofspeciesinagivenclade.Using
these techniques, the Colchicaceae, a family of
flowering plant, is inferred to have originated in
Cretaceous East Gondwana, diversified initially in
Australia~75millionyearsago(Mya),migratedto
southernAfricaduringthePaleoceneͲEocene,and
from there extended its range to southeast Asia
probablythroughArabia,andthentoNorthAmerͲ
ica through Beringia (Juliana Chacón and colͲ
leagues).AsthesophisticationofancestralreconͲ
structionmethodsimproves,sodotheiraccuracy
andpowerofinference.InaworldͲwidestudyof
muroidrodentassemblages,arecentlyassembled
global phylogeny allowed ancestral distributions,
changes in net diversification rates, and densityͲ
dependent models of diversification to be estiͲ
matedformuroidcladesthatcolonizedcontinenͲ
tal landmasses (Scott Steppan and colleagues).
Whether a clade arrives first, or not, determines
theinitialrateofdiversification.CladesthatcoloͲ
nizefirstoftenexhibitadiversificationburst,perͲ
hapsresultingfromrapidadaptiveradiationfaciliͲ
tated by unchallenged availability of diverse reͲ
sources.

TheroleofhistoricalfactorsinshapingecoͲ
logicalcommunitiesmaybequantifiedbyapplying
community phylogenetic approaches (CavenderͲ
Bares et al. 2009) along abiotic gradients and
among regions, revealing patterns of alphaͲ and
betaͲphylogenetic diversity. Community phylogeͲ
netics may be most promising if used in a bioͲ
geographic context, coupling knowledge of the
evolutionary history of the study organism with
thegeologicalhistoryoftheregion.Forexample,
passerine bird communities along an elevational
gradientintheAndeslinkspatialpatternsofphyͲ
logeneticdiversitytohistoricalevents.Thetiming
ofdiversificationofpasserinecladesathighelevaͲ
tion,whichareolderthancladesatlowelevation,

4http://bien.nceas.ucsb.edu/bien/
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correspondswithgeologicalestimationofAndean
uplift(JulieAllenandJillJankowski).

Whetheronecategoryof processpredomiͲ
nantlyshapesalllevelsofbiodiversityorwhether
multiplescaleͲspecificprocessesinteracttogenerͲ
ateemergentpatternsmaybekeytodeciphering
apparentlycomplexphylogeographicsignals.IndiͲ
vidualͲbasedgeneticdataon,forexample,predaͲ
tory aquatic beetle assemblages sampled across
Europe, allows exploration of patterns of genetic
diversityacrosspopulation,communityandmetaͲ
community levels (Baselga and colleagues).
Equivalence in the strength of distanceͲdecay in
genetic similarity across hierarchical levels supͲ
ports the general importance of neutral procͲ
esses. Moreover, relationships between lineage
age,lineagediversityandrangesizemayindicate
a spatioͲtemporal diversity continuum driven by
ecologically and evolutionarily neutral processes.
By switching from describing patterns of taxoͲ
nomic diversity to describing patterns of (phylo)
geneticdiversity,biologicaldiversitycanbequanͲ
tifiedacrossmorelevelsofbiologicalorganization,
therebysheddinglightonpredominantprocesses
(Baselgaetal.2013).

Theintegrationofphylogeneticapproaches
in classical biogeography can clarify past moveͲ
ments and biotic exchanges, as well as processes
underlying diversification and the assembly of
ecological communities. The link between phyͲ
logenetic patterns and biological processes must
be made carefully (Losos 2011), but phylogenetic
biogeography should deepen our understanding
oftheorigin,distributionandmaintenanceofbioͲ
logicaldiversity.


Phylogeography(K.A.Marske)
Phylogeography, like other subͲdisciplines in bioͲ
geography, is increasingly integrative. For examͲ
ple,bydrawingmethodsandconceptsfromecolͲ
ogy,phylogeographygainscapacitytounderstand
the processes defining species’ distributions and
patternssharedacrossspecies.Thistrendtoward
integrationiscoupledwithincreasingadoptionof
hypothesisͲtesting methods and broadening temͲ
poral scale, including the dynamics of expanding
populationsandmultiͲtemporaldriversoflineage

divergence and species coͲoccurrence, as well as
classical descriptions of glacial refugia and allelic
diversityanddistributions.

The opportunities for integrating phyͲ
logeography and ecology are being provided in
partbyclassicalphylogeographicsystems,suchas
the Mississippi River discontinuity in the southͲ
eastern USA (e.g., Avise et al. 1987). In that reͲ
gion, a wellͲdocumented hybrid zone exists beͲ
tweentwocloselyͲrelatedmembersoftheLouisiͲ
ana Iris species complex. This study system enͲ
ables comparison of two ecologically similar, hyͲ
bridizing species in terms of their distributions of
genetic diversity throughout their ranges
(JennaferHamlinand MichaelArnold).ThissituaͲ
tion also enables investigation of the effects of
hybrid fitness, introgression and adaptive diverͲ
genceongeneticstructureasthetwospeciesexͲ
tended their range northward along the MissisͲ
sippiRiver.

As integrative studies increase in number,
frameworks clarifying the role of phylogeography
inthecurrentconvergenceofecologicalandevoͲ
lutionary concepts (e.g., Jenkins & Ricklefs 2011)
will be needed. In one such framework, phyͲ
logeographyisproposedasthemeanstoidentify
theprocessesactingbetweenthetimeͲscalestypiͲ
cally studied using biogeographic and ecological
methods(KatharineMarskeandcolleagues).InteͲ
gratingcomparativephylogeographyandcommuͲ
nityecologymayisolatetheeffectsofQuaternary
dispersal limitation from other factors driving
community assembly and betaͲdiversity patterns
(Marskeetal.inpress).Inprinciple,phylogeograͲ
phycanprovideinsightsintotheassemblyofecoͲ
logical communities, and ecology may provide
context for interpreting idiosyncratic phyͲ
logeographic patterns among species (see also
Thebiogeographyoftraits).Thus,datafor40coͲ
distributed Andean cloud forest bird species, as
well as 130 species sampled along an elevational
gradient, enable examination of the effects of
range fragmentation and elevation on genetic diͲ
vergence using comparative phylogeography
(Andres Cuervo and Robb Brumfield). Genetic
structurerelativetothegeographicbreaksvaried
substantially among species, with high species
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Figure 2. Terms related
to place used at the 6th
IBS conference. Analysis
as described in the capͲ
tion to Figure 1; based
on nw = 132. “America”
was associated roughly
equally with North (n =
4), South (n = 3), and
Central or tropical (n =
3).

pool turnover at different geographic breaks
across the Andes. Genetic divergence was posiͲ
tively correlated with mean elevation and negaͲ
tively correlated with elevational breadth, with
elevational breadth counteracting the effects of
geographicbarriersasdriversofdivergence.

Comparative phylogeography of the underͲ
storybirdcommunityfromIndia’sWesternGhats
skyislandssimilarlyinformsushowspeciesdistriͲ
butionsandgeneticdivergencehavebeenshaped
bytopography,paleoclimateandspecies’ecology
(V.V. Robin and colleagues). Levels of genetic diͲ
vergence ranged from deep phylogeographic
breaks at ancient geographic divides to no phyͲ
logeographicbreaksatall.Breakswerestrongerin
habitatspecialists,andrelativelyshallowinwideͲ
spread and migratory species, indicating that the
evolutionary effects of vicariance and dispersal
arestronglyaffectedbyspecies’ecology.

However, phylogeographic studies of tropiͲ
calecosystemsarerare,relativetonortherntemͲ
perate regions (Beheregaray 2008). The aforeͲ
mentioned studies in the Andes and Western
Ghats are thus making inroads both conceptually
andgeographically,andinbothrespectsarecomͲ
plemented by detailed studies of single species.
Forexample,intheBrazilianAtlanticForest,inteͲ
grated genetic analyses, phenotypic measureͲ
ments, and species distribution models (SDMs)
reveal strong phylogeographic structure in the
absenceofgeographicisolation,andvaryingrelaͲ
tionshipsbetweengeneticdivergenceandphenoͲ
typic disparity across the range of a widespread

lizard(RobertaDamascenoandcolleagues).Inthis
species,currentandpastclimategradientsapparͲ
ently drove divergent selection at the local scale.
InthecentralAfricanrainforest,comparativephyͲ
logeographyofthreetreeswithdifferentniches—
whichinpartaddressespriortaxonomicbiasesin
geneticstudiestowardlightͲdemanding,commerͲ
ciallyexploitedspecies,ratherthantheshadetolͲ
erantspeciescharacteristicofmaturerainforest—
revealedthreeseparatecommunitygeneticpools,
with a northͲsouth break across each species,
evincing multiple Pleistocene forest refugia and
consistent with patterns of speciesͲlevel endemͲ
ism(RosalíaPiñeiroandcolleagues).

In spite of recent critiques (Peterson 2009,
Wiens 2012), the trend for greater interdiscipliͲ
narityinphylogeographywillincreaseitspotential
to generate novel insights into questions which
havelonginterestedbiogeographers—therelative
roles of history, species ecology, environmental
conditions and adaptation in governing species
distributions and driving patterns of diversificaͲ
tion.  As advances in sequencing technologies alͲ
low greater precision in estimating population
divergence(Carstensetal.2012)andexamination
oftheroleofnonͲneutralgeneticvariationindrivͲ
ing population structure (Lexer et al. 2013), phyͲ
logeographyislikelytoplayavitalroleinanswerͲ
ingtheseclassicquestions.


Neotropicalbiogeography(A.Antonelli)
TheNeotropicsisaheterogeneousandextremely
biodiverse region, comprising several biomes of
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contrasting ecophysiological settings and evoluͲ
tionary histories (Hughes et al. 2013). Many hyͲ
potheses have been proposed for these differͲ
ences: species interactions, niche conservatism,
dispersal ability, soil adaptations, time for speciͲ
ation,energyavailabilityandchangesinthelandͲ
scape (Antonelli and Sanmartín 2011). UnderͲ
standing Neotropical biogeography may require
revisiting these hypotheses by delving in incrediͲ
ble depth into complete clades to generate both
newquestionsandnewanswers.

Revisiting Willis’ (1922) classic hypothesis
that older species have larger ranges, André RoͲ
chelle and colleagues combined a chronogram of
100+speciesofmainlyNeotropicalplantsintribe
Bignonieae(Bignoniaceae)withanextensivedataͲ
base of species occurrences. They found large
variation in age and range sizes, and no correlaͲ
tion between these two variables. Similarly, a
complete speciesͲlevel phylogeny of Neotropical
chatͲtyrants (Ochthoeca), including samples of
nearlyallknownpopulationsindicatesthat,while
even lowͲelevation barriers across the Andean
mountains (e.g., the Táchira depression, and the
Marañón and Apurimac Valleys) have played an
important role in promoting genetic and often
morphological differentiation, species have reͲ
spondeddifferentlytothosebarriers(ElisaBonacͲ
corsoandcolleagues).

This complexity in lineage response may
resultfromprocessesinternalandexternaltothe
region. Internally, soil differences may shape diͲ
versitygradientsacrossAmazonia.Fielddatafrom
nearly 300 inventory transects in western and
central Amazonia (Ecuador, Colombia, Peru and
Brazil) highlighted soil cation concentration, as
wellaspresenceofadryseason,asanimportant
influence on fern diversity (Hanna Tuomisto).
However, considerable variation at different spaͲ
tialscalesaddstothegrowingviewthatAmazonia
isnotauniformforestwithgradualchangesover
large distances; there is high local heterogeneity
insoil(ultimatelyderivedfromgeologicalhistory),
topography,climateandbiodiversity(Malhadoet
al.2013).Externally,complexityintheNeotropics
may in part be a relative property given context
by,oremergingfrom,higherlatitudes.Examining

the distribution of all 341 species of Neotropical
batsinninefamiliessupportedtheTNChypotheͲ
sisatthespecieslevel,butdifferentpatternswere
evident for the 89 genera to which those species
belong (Héctor Arita). Genera of bats followed a
symmetrical Rapoport pattern, i.e., more genera
havesmallrangesneartheequator,whereasspeͲ
ciesshowedahighlyasymmetricalpattern.These
differences may be attributable partly to geologiͲ
cal history external to current species’ distribuͲ
tions. For example, some genera traditionally beͲ
lievedtohaveoriginatedinSouthAmericainstead
may have originated in North America, prior to
theGreatAmericanBioticInterchange.

Comparative phylogeography has the poͲ
tential to distinguish historical biogeographic and
ecological processes, but analysis of 27 wideͲ
spread lineages of lowland birds indicate little
common response—in time and space—to larger
geoclimatic events such as the Andean uplift and
Pleistocene refugia (Brian Smith and colleagues).
Thus, although barriers often are associated with
genetic variation, they may be playing a largely
passive role in structuring this variation rather
thandrivingdiversification.Ecology,stochasticity,
geographic origin, and time for speciation may
instead explain the diversity and distribution of
Neotropicalavianpatternsencounteredtoday.

In the midst of this continental complexity,
research on the existence and importance of a
shortͲlived island chain or dryͲland connection
between South America and the Greater Antilles,
known as the GAARlandia hypothesis (IturraldeͲ
Vinent and MacPhee 1999) offered rare clarity.
IndependentlyassembleddatafrompaleogeograͲ
phy(tectonicsandstratigraphy),paleontologyand
dated molecular phylogenies from a variety of
recent studies support both predictions of the
GAARlandiamodel:thatitfacilitatedthedispersal
of South American animals and plants to the
Greater Antilles around the Eocene/Oligocene
transition (~35–32 Ma), and that the subsequent
breakͲup of those islands led to the formation of
islandͲendemic biotas (Roberto Alonso and colͲ
leagues).

AholisticunderstandingofNeotropicalbioͲ
geography cannot be attained without multiͲ
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taxon and integrative approaches, often at the
interfaceofecologyandevolution.RevisitingcomͲ
monly held assumptions and familiar hypotheses
with increasingly large data sets and novel comͲ
parative methods is raising many new questions
about generally accepted patterns (see also The
biogeographyoftraits).


Islandbiogeography(L.M.Dávalos)
Thesignatureofgeographicisolation, giventime,
is speciation and endemicity. The apparent ineviͲ
tability of that relationship and its almost axioͲ
matic description of contemporary oceanic island
life,however,canbeliecomplexdynamics.Atrue
understandingofbiodiversityinoceanicarchipelaͲ
goes requires integration of biological and geoͲ
logicalphenomena(Heaney2009).Thus,endemicͲ
ityisconcentratedonmountainswithinmanyarͲ
chipelagoesperhapsbecausethesearetheoldest
sitesandbothecologicallyandgeographicallyisoͲ
lated islands. However, endemism on the Canary
Islandsisconcentratedatintermediatealtitudein
the cloud forest belt, suggesting the age of the
place (e.g., a mountain top) may sometimes be
less important than the age of the ecosystems;
cloud forest may be older than the mountaintop
ecosystem that currently occupies the Canaries,
and this may explain the initially paradoxical patͲ
terns of diversity and endemism (Manuel
Steinabuer and colleagues). The biogeography of
otherregionssimilarlyappearstobetheoutcome
ofmultipleprocesses,evenwhentaxamightintuiͲ
tively seem disproportionately likely to be influͲ
encedbyasinglemechanism,suchasdispersalin
volant birds. Phylogeographic analyses of WhiteͲ
browed Shortwing Brachypteryx montana, sugͲ
gests range expansion from Borneo to Mindanao
andtheninsequencetoLuzon,PalawanandMinͲ
doroasaconsequenceofglacialoscillationsinsea
level that alternate periods of great geographic
isolation with periods of island connections
(SushmaReddyandcolleagues).Thisisconsistent
with earlier findings for endemic Philippine roͲ
dents(Jansaetal.2006),butwhetheritisagenͲ
eralpatternrelevanttootherbirdsremainstobe
explored.

Differences among species assemblages

suggest functional ecology may influence, or be
influencedby,theprocessesofcommunityassemͲ
bly on islands. The high precipitation and temͲ
peraturecharacteristicofthetropics,forexample,
result in more functionally diverse parasitoid asͲ
semblages(AnaSantosandcolleagues),apattern
also reported for woody plants (Swenson et al.
2012). Rigorous tests of patterns in functional diͲ
versity,usingnulldistributionsoffunctionaldiverͲ
sity built from archipelagoͲwide regional species
pools(i.e.excludingcontinentalbiotas),however,
indicate that the majority of parasitoid assemͲ
blages are functionally neither clustered nor
overdispersed.OnlytheminorityofislandassemͲ
blagesshowssignificantfunctionalclusteringconͲ
sistent with structuring by dispersal filters plus
conserved functional traits plus competition. EviͲ
dence for a key role for mutualism in structuring
island communities is similarly mixed. Fruit–
frugivorefoodwebsfromislandsshownosignifiͲ
cantly greater interconnection than mainland
counterparts(KevinC.Burns).However,theresult
wassensitivetosmallsamplesize.Consistentwith
the superͲgeneralization hypothesis, frugivores
tendedalsotobepollinatorsonislands.

Changes in trophic structure form the
mechanistic basis of the island rule, that island
mammal populations show trends in bodyͲsize
evolution on islands (Foster 1964). While recogͲ
nized as a general trend for decades, the island
rulehasbeendebatedintenselybecausefewclear
trends emerge after accounting for phylogenetic
effectsonbodysize(Meirietal.2011).TheambiͲ
guity arises, in part, also because previous criͲ
tiques of the island rule had not accounted for
three additional confounding effects: (1) physioͲ
logical constraints on body size imposed by flight
amongbats, (2) thedelayinevolution ofoptimal
island body size which causes recently formed isͲ
lands to be unsuitable for testing the island rule,
and(3)recentanthropogenicextinctionsoflarger
mammals on many islands. After accounting for
phylogenetic relationships and these three addiͲ
tionaleffects,theislandruleholdsacrossallmamͲ
mals and the threshold for an increasing or deͲ
creasing trend in body size evolution is around 1
kg(SørenFaurbyandJensͲChristianSvenning).
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Figure 3. Terms reͲ
lated to taxa used at
the 6th IBS conferͲ
ence. Analysis as deͲ
scribedinthecaption
to Figure 1; based on
nw = 119. Asterisks
indicate words that
appeared in singular
andpluralforms.


Inafirstexplorationofhithertounexplored
island ecosystems, the island rule, as well as the
species–area relationship, appear to hold for inͲ
vertebrates in islandͲlike marine lakes (Michael
Dawson and colleagues). This is consistent with
longͲstanding evidence that island ‘syndromes’
are indeed general patterns that apply broadly
acrosstaxa,regions,andtimeperiods.Comparing
the diversity and distribution of current and Last
GlacialMaximumbatfaunastogetherwithbathyͲ
metricinferenceand the fossilrecordshowsthat
area reductions caused by sea level changes exͲ
plained>90%ofthedifferencebetweenpastand
current species richness in the Bahamas and
GreaterAntilles(LilianaDávalosandAmyRussell;
Dávalos and Russell 2012). Yet, despite the sucͲ
cess of the equilibrium theory as a null model of
islandbiogeography,andthepowerofthisquantiͲ
tativeapproach,moregeneralmodelsareperiodiͲ
cally sought, and sometimes formulated
(Guilhaumon and colleagues; e.g., Heaney 2000,
Guilhaumon et al. 2011, Rosindell and Phillimore
2011). To a first approximation, however, the
equilibrium theory of island biogeography is exͲ
tremely successful at explaining species richness
onislandswithaminimalnumberofparameters.
More complex models incorporating geological
time succeed at reducing the difference between
observation and theory (Whittaker et al. 2008),
and represent incremental gains toward better
explaining species richness. Crucially, ecological
functionandinteractionsdependnotontherichͲ

ness,butonthecompositionofspecies.Thetime
is ripe, then, for a new synthesis that moves beͲ
yond richness to other dimensions of island bioͲ
geography(AlisonBoyerandcolleagues).


Thebiogeographyoftraits 
(A.C.Algar,N.G.Swenson)





Geographicalvariationinspecies’phenotypeshas
long been a focus in biogeography, generating
many ‘rules’: Bergmann’s rule, Allen’s rule, the
island rule, Hesse’s rule, Gloger’s rule, and so on
(e.g., Gaston et al. 2008). However, in recent
years, positive feedback between efforts to asͲ
semblelargetraitdatabases(especiallyforplants
andvertebrates)andnewcapabilitiesinmapping
species’traitshasopenednewrealmsofpossibilͲ
ity for the biogeography of traits (Swenson et al.
2012). Moving beyond simple ecogeographic
‘rules,’abiogeographyoftraitsisbeingpioneered
that allows for unparalleled integration and testͲ
ing of ecological and evolutionary hypotheses for
biogeographical patterns. From a milieu of apͲ
proaches and ideas crossing major taxonomic,
geographical, and conceptual boundaries, three
themes are emerging that situate current apͲ
proaches to traitͲbased biogeography and, more
importantly,indicatekeyfuturechallenges.
(1) Integration of ecological and evolutionary
process. Traits mediate ecological interactions;
however, interactions can also exert selection
pressures on traits. Thus, extant organisms may
carry with them signals of past interactions that
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have influenced traits through evolutionary time.
BycombiningcurrenttraitdistributionswithphyͲ
logeneticinformation,wemayunderstandbetter
how ecology shapes evolution and vice versa.
Thus, several lines of evidence arising from phyͲ
logenetics, morphology and trophic interactions
shed light on the mechanisms underlying midͲ
altitude diversity peaks in Himalayan birds, arguͲ
ingfordiversitysaturationandnichefilling(Trevor
Price).Alternatively,linkingmodelsoftraitevoluͲ
tion with phylogenies can reveal how ecological
interactions,particularlyinterspecificcompetition,
limiting similarity and character displacement,
may have influenced body size evolution through
evolutionarytime(FolmerBokma).
(2) The importance of understanding function.
One key motivation for incorporating traits into
biogeographical analyses is that they provide a
more direct window into ecological interactions
throughspaceandtime.However,itisinsufficient
tosimplychooseaconvenientlymeasuredtrait,or
oneforwhichdatacanbeeasilygleanedfromthe
literature(NathanKraft,JonathanLosos).DemonͲ
strating the unifying strength of traits to act as a
‘common currency’, two disparate study sysͲ
tems—terrestrial plants and Caribbean Anolis lizͲ
ards—illustrated the importance of not taking
‘function’ for granted. Rather, before we can
makereliableinferencesabouthowtraitsmediate
processes at biogeographic scales, we must unͲ
derstand the links between phenotype, ecology,
and performance. This can only be achieved
through experimental and field studies to ensure
that the traits we are studying actually do what
wethinktheydo.Furthermore,Lososwarned,we
should also consider that the morphologyͲ
performanceͲecologylinkmightnotbestationary
through space or time; what applies in one bioͲ
geographic setting (e.g., islands) may not hold in
others(e.g.,mainland;Irschicketal.1997,Velasco
andHerrel2007).
(3)Improvingbiogeographicmodels.Thecapacity
of traits to link ecological and evolutionary procͲ
essesindifferentenvironmentssuggestsapotenͲ
tial to improve biogeographic models and hyͲ
pothesis testing. By thinking beyondmorphology
and considering characteristicssuch as habitat

affinity and dispersal capability,Katrin BöhningͲ
Gaese showedtraits can contribute to models of
range fillingand range size in birds. At the same
time,morphologycanbeusedasaproxyforecoͲ
logical similarity to reveal the effects of niche inͲ
cumbency on Caribbean anole distributions
(Jonathan Losos; Algar et al. 2013). Integrated
data on evolutionary relationships, trophic interͲ
actions and morphology could reveal processes
structuringmidelevationdiversitypeaksinHimaͲ
layanbirds(TrevorPrice).Inallthesecases,traits
allowforstrongertestingofhypothesesthatcould
notbeaddressedsolelywithdataonenvironment
and species localities or species’ counts, demonͲ
strating the potential for traitͲbased approaches
toopen the black boxof biogeographicalprocess
(NathanSwenson).


Predicting species ranges and diversity in a
warmerworld(A.Guisan,N.E.Zimmermann)
ProjectionsofspeciesrangesandbiodiversitypatͲ
terns into future, possibly nonͲanalog, climates,
have been dominated by correlative approaches
(e.g., Engler et al. 2011, Pearman et al. 2011,
Thuiller et al. 2011). Those approaches are inͲ
creasingly critiqued, and more dynamic apͲ
proachestopredictingspeciesrangesincreasingly
advocated and used (e.g., Thuiller et al. 2008,
KearneyandPorter2009,Buckleyetal.2010,BelͲ
lardetal.2012).Thechallengeistointegratesuch
dynamicapproachesintoecologicallyrealisticpreͲ
diction tools, suitable to process larger species
numbers (e.g., Dullinger et al. 2012) at macͲ
roecological scales and ultimately reconstruct
communitiesandecosystems(GuisanandRahbek
2011,NoguesͲBravoandRahbek2011).

There is longͲlasting debate about the use
of mechanistic versus statistical models (Guisan
and Thuiller 2005, Thuiller et al. 2008, McMahon
et al. 2011). ProcessͲbased models that focus on
physiologically relevant dynamics are limited by
coarse taxonomic resolution, while statistical
SDMs based on species occurrence data may reͲ
sult in spurious relationships and flawed projecͲ
tions under nonͲanalog climates (Fitzpatrick and
Hargrove2009,Guisanetal.2012;notehowever
thatnonͲanalogclimatesrepresentacriticalissue
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forallmodelingapproaches).ForthetaskofproͲ
jecting biodiversity patterns to future centuries,
many processes such as CO2 fertilization cannot
easily be accounted for within statistical SDMs.
Models of the physical environment (e.g., soil
moistureandevapotranspiration)plusphysiologiͲ
cal processes (e.g., phenology and drought tolerͲ
ance) and demographics (establishment, growth,
mortality)areatthecoreofprocessͲbasedordyͲ
namic biogeography models (Higgins et al. 2012,
Schurretal.2012).

ThereisarangeofviewsabouthowtocomͲ
binedifferentapproachestoovercometheweakͲ
nessesandbuildonstrengthsofindividualmethͲ
ods, and to provide a framework for better proͲ
jecting species and biodiversity patterns under a
warmerclimate(YvonneBuckley,LaurenBuckley,
James Clark, JensͲChristian Svenning and Richard
Pearson, Niklaus Zimmermann and Antoine GuiͲ
san). Topics appearing repeatedly included
mechanistic niche models, demography, disequiͲ
libria, complex interactions, niche dynamics, and
nonͲanalog climates. Mechanistic niche models
can reveal crucial information about ecophysiͲ
ological constraints to ranges and demographic
processes,traitvariation(phenotypes),andadapͲ
tiveabilityacrossthedistributionandnicheofthe
species. Insights from SDM outputs confronted
withdemographicdatarevealtheneedforpopuͲ
lation monitoring in space, and especially the
need to test for relationships between habitat
suitability (within the niche space) and various
vitalrates(growth,birth,mortality)tobetterestiͲ
mate extinction risks. This could also allow for
modeling the niche and the distribution of ontoͲ
genicstages(Bertrandetal.2012;e.g.,theregenͲ
erationniche).StudiesofdistributionaldisequilibͲ
ria can clarify migration time lags (glaciation legͲ
acy)andgeographicaccessibilityintime,andcan
help identify different processes affecting the
leading and trailing edges of shifting ranges (e.g.,
throughdistinctmigrationspeeds).ComplexinterͲ
actionsbetweenclimateandbioticprocessesthat
formspecies’distributionsmaybedifficulttodisͲ
entanglebecausetheyactatdifferentspatialand
temporal scales, and are therefore not always
easytodisentangleusingstatisticalapproaches.


Alltheseinsightsrevealthesameproblem:
acrossthelasttwodecades,biogeographyunderͲ
went a spectacular development of new apͲ
proachestomodelspeciesdistributionandwithin
Ͳrange dynamics, but the gathering of the data
neededtofeedthesemodelsformanyspecieshas
notfollowedthesametrend.WhileverylargeocͲ
currence databases have been compiled recently
as a result of intergovernmental efforts (e.g.,
GBIF; Yesson et al. 2007), allowing presenceͲonly
SDMstobefitted,thereistodatenocomparable
global compilation of abundance or demographic
data necessary to fit demographic or abundance
models at macroecological scales. The most adͲ
vancedexampleistheglobalpopulationdynamics
database (NERC Centre for Population Biology
2010; see Inchausti and Halley 2001, Knape and
deValpine2012)includinghundredsofpopulation
time series, but usually with limited number of
populations,andthuslimitedspatialcoverage,for
eachspecies.Moreover,dispersalorphysiological
data to develop mechanistic niche models for a
large number of species are also very scarce and
usually stored in separate databases with data
compiled for varying numbers of taxa (Vittoz and
Engler2007).

Weseehereoneofthegreatestchallenges
forbiogeographyinthe21stCentury.Apromising,
but partly underexplored solution would be to
develop more dynamic or mechanistic models of
functionalgroupsorguilds,thusmakinguseofthe
increasing trait information in databases (e.g.,
Kuhn et al. 2004, Statzner et al. 2007, Klimesova
anddeBello2009,Schaferetal.2011).Yet,such
shortcuts also require research on the definition
of these functional groups, their distribution and
frequency in natural and semiͲnatural landscapes
and ecosystems, and their usefulness for predictͲ
ing community and ecosystem properties (e.g.,
Dolédec et al. 1996, Shipley et al. 2006, Ackerly
and Cornwell 2007). A better approach may be
integrationviaabiodiversityandecosystemmapͲ
ping portal, such as the recently initiated Map of
Life project (Jetz et al. 2012a) also incorporating
dynamicdata.
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HistoricalandpaleoͲbiogeography
(D.G.Gavin)





WhileitiscommontoseparatehistoricalandecoͲ
logical biogeography, several paleoͲbiogeography
studies have blurred this distinction. Indeed, paͲ
leobiogeography and paleoecology studies often
aremotivatedbymodernecologicalquestionsfor
whichtheobservationalrecordistooshort,while
atthesametimefossilrecordsmayspanintothe
domain of historical biogeography: largeͲscale
reorganizationofbiota,extinction,andevolutionͲ
arychange.Withhistoricalbiogeographymethods
increasingly beingappliedacrossarangeoftaxoͲ
nomic,temporal,andspatialscales,andwithfosͲ
sil data accumulating in large data banks, more
and more studies are crossing the historical–
ecologicaldivide(Jackson2004).

Classic historical biogeography questions
aboutthedevelopmentoflargeͲscalebiodiversity
patterns may extend our understanding of the
lineage histories and the geographic template on
which they evolve. These studies demand a synͲ
thesis across a range of data types, normally inͲ
volving a combination of phylogenies, fossils, paͲ
leogeography, and paleoclimate. The TNC hyͲ
pothesis (Wiens and Donoghue 2004), for examͲ
ple,maybeaddressedusingcommunityphylogeͲ
neticanalysesofcoldtoleranceinNorthAmerican
forests (Bradford Hawkins and colleagues); three
predictions—allupheld—relatetothecentralconͲ
ceptthatcoldtoleranceshouldbestronglyassociͲ
atedwithmeanangiospermfamilyage.Allfamily
ageswere greaterthan34Mya,whichisprior to
the development of the modern latitudinal temͲ
perature gradient; thus cold tolerance may have
developedathighelevationsratherthansimplyat
high latitudes, possibly during the early Cenozoic
RockyMountainorogeny(Hawkinsetal.inpress).


The Isthmus of Panama and the Great
AmericanBioticInterchangeprovidesopportunity
toexplorereciprocaleffectsoftectonicprocesses,
for example through metaͲanalysis of ~400
chronograms of terrestrial taxa (Christine Bacon
and colleagues). The analysis shows a sharp inͲ
crease in crossing rates, especially plants, at 10
Mya. This is much earlier than the generally acͲ
cepted age of 3 Mya for the Isthmus of Panama.
The analysis supports an early Miocene model of
evolution of the Isthmus region (Bacon et al.
2013) and is consistent with a parallel analysis of
marinetaxa(Lessios2008).

The role of finerͲgrained patterns of diverͲ
sitywithinsuchmacroͲevolutionarypatternsmay
alwaysbevague,butinvestigationsonQuaternary
time scales may illuminate the realm of abiotic
processesindrivingpatterns,forexampletheoriͲ
ginofhighbirdendemismintropicaldryforestof
northwestern Peru (Jessica Oswald). A combinaͲ
tion of phylogenetic divergences, paleoͲSDMs,
and late Pleistocene fossils (including one site
dated to 16,000 years BP with 1500 bone fossils)
showed that dry forest bird species had a larger
distribution during the Pleistocene, with greater
connectivity during the Last Glacial Maximum,
suggesting that modern endemism developed
relativelyrecently.

WhenandhowspeciesachievenichestabilͲ
ityoverlongtimescalesisanopenquestion.FosͲ
siliferous Late Ordovician (450 Ma) marine strata
of the Cincinnati Basin contain a rich 3 million
yearsͲlongrecordoftheresponsesof10brachioͲ
pod species to a wide variety of environmental
changes (Alycia Stigall; Stigall 2011, 2012). Using
environmental niche models, Stigall showed
greater niche evolution during and after an invaͲ
sion event, mainly in the form of contraction of

Figure 4. Terms
related to time
used at the 6th IBS
conference. AnalyͲ
sis as described in
the caption to FigͲ
ure 1; based on nw
= 130. “History”
alsorepresentsthe
useof“historical”.
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nichedimensions.ThissuggeststhatnicheconserͲ
vatism or evolution may be related to the speed
or style of environmental change. The ecological
mechanisms operating through environmental
changes often are investigated using pollen reͲ
cords. Multivariate statistical analyses of pollen
records across the Midwestern United States
14000–12000yearsagoshowedthateachsitehad
a unique vegetational response to rapid environͲ
mentalchange,whichcontrastedwithmoresimiͲ
lar responses during the subsequent early HoloͲ
cene(JacquelynGillandcolleagues).FactorsconͲ
tributing to the unique responses among sites
during deglaciation likely involved the geographic
extent of certain tree species, the pattern of
megafaunal collapse and extinction, and site facͲ
tors controlling local vegetation. In another large
synthesis of pollen records, the limit of semiͲarid
forests at the forest–steppe boundary in North
China showed greater extent during earlyͲ
Holocene high moisture when the monsoon was
strongerthantoday,afterwhichforestsweredisͲ
placed southward (Hongyan Liu and colleagues).
Thistransitiontosteppemayhavelaggedbehind
climatechangesby2000yearsandfiresmayhave
playedanimportantrole(Yinetal.inpress).

Fossils in the geologic record provide the
clearest and often unambiguous evidence for the
presenceofataxonatapointinspaceandtime,
including places from which populations subseͲ
quentlyareextirpated.Fossildataorganizedinto
georeferenced databases (e.g., Neotoma, MioͲ
map,PaleobiologyDatabase;Uhenetal.inpress)
thus can facilitate comparisons and joint inferͲ
encesamongdifferentdatatypes(e.g.,phylogenͲ
iesandpaleoͲSDMs).Reciprocally,ifataxondoes
not form a fossil record, inferences from phyͲ
logeography aboutspecies’historicaloccurrences
and demography have implications for underͲ
standing past environments and therefore deͲ
mandcomparisonwithenvironmentalreconstrucͲ
tions from fossils and/or paleoclimate proxies.
There is reason, therefore, to consider paleoͲ
biogeography methods in many aspects of bioͲ
geography.




Conservation paleontology and biogeography
(E.Davis,J.McGuire)
The prospect of massive macroecological reorͲ
ganization of ecosystems in the next 50 to 100
years—producing ‘nonͲanalog’ communities, exͲ
tirpation, and extinction—raises the question:
how may knowledge of prior ecological changes
inform strategies to manage future landscapes?
TheanswersmaylieincuttingͲedgepaleontologiͲ
calmethodsforextractinginsightsfrompastpatͲ
terns and processes to inform conservation biolͲ
ogy (Liz Hadly). We are now certain of a warmer
future, with some predictions indicating we will
return to temperatures of 14 Mya by the year
2100.Wealreadyhavebeguntofeeltheeffectsof
climate change, with documented range shifts in
pikas, bog lemmings, and armadillos, among othͲ
ers.‘Weedy’generalistspeciesoftenbenefitfrom
rapid environmental change at the expense of
specialistspecies(Bloisetal.2010).AttheecosysͲ
temscale,weseemanysystemsthatchangelittle
until they flip suddenly to new stable states, for
exampleforestsconvertingtograsslandordesert
(Barnoskyetal.2012).

Previousworkhasestablishedthatbirdand
plant community dissimilarities are linked to cliͲ
mate dissimilarity (Williams et al. 2001, Stralberg
et al. 2009). Whether climate influences commuͲ
nity dissimilarity in the same way across both
space and time—and therefore whether one can
usespatialpatternsofdissimilaritytopredicttemͲ
poral change, or vice versa—is unknown. Fossil
pollendatasincetheLastGlacialMaximum(LGM;
from the Neotoma Paleoecology Database) indiͲ
cate significant differences between spatial and
temporal climate–diversity relationships (Jessica
Blois and colleagues). Yet, substituting space for
timeperforms85%aswellasusingtimefortime.
DeepͲtimeknowledgeisessentialforthebestpreͲ
dictions,althoughsomeplacesorperiodsmaybe
better substitutes than others (Blois et al. 2013).
Forexample,anSDMofextirpatedEuropeanhyeͲ
nasCrocutacrocutabuiltusingonlytheirmodern
distribution(limitedtoAfrica)cannothindcastthe
known LGM European distribution of hyena,
probablybecausetheSDMcannotcapturethefull
fundamental niche (Sara Varela; Varela et al.
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2010). Subsampling the dataset with respect to
climate (but not geography) improves modeling
effectiveness as long as the chosen sites (which
may number as few as five) broadly sample cliͲ
mateͲspace occupied by the species. These findͲ
ings indicate the importance of considering cliͲ
mate variation, novel climatic regimes, and how
theyaresampledforprojectingSDMsontodifferͲ
entclimatesurfaces(suchasthefuture).

Using paleontological data to inform reͲ
sponsestofutureclimatechangeisacleargoalof
conservation paleobiogeography. It is possible to
producemoreprecisemodelsofancientdistribuͲ
tionsthroughtime–forexample,MichelleLawing
used an SDM to project models of rattlesnake
(Crotalus) species distributions onto climates inͲ
terpolatedbetweentheLGMandtoday.Shethen
mappednichemodelcharacteristicsontotheCroͲ
talus phylogeny to interpolate paleoͲniches using
a Brownian model of evolution. However, similar
analysis of spiny lizard (Sceloporus) over deeper
timeshowedthatnichemodelsandfossilspecies
distributions stop agreeing ~13 Mya (i.e., fossils
begin appearing outside of the reconstructed
range).Comparingtheevolutionaryratesoverthe
last13Myatoprojectedratesforthe21stcentury
revealedthatevolutionaryrateswillneedtobe2
to 3 orders of magnitude higher in the future
(MichelleLawing).

Paleontological and neontological timelines
can be spanned by combining fossil and modern
paleodemographicanalyses.Forexample,ensemͲ
blemodelingcanmatchoptimalpaleoclimateand
SDMs with phylogeographic lineages, including
extinct lineages, based on ancientͲDNA evidence.
An ensemble model of American Bison (Bison biͲ
son) populations over the last 50,000 years
showed strong support for a demographic model
with population declines during two distinct
phasesofhumanhunting(RobGuralnickandcolͲ
leagues). By further focusing their study on
smaller levels, they were able to distinguish
amongdriversofspeciesevolutioninastronghyͲ
pothesisͲtesting framework. The development of
such frameworks for evaluating and integrating
paleontologicalandmoderndatainevolutionand
ecology is paramount (Susanne Fritz and colͲ

leagues),particularlyforunderstandingnicheand
traitevolutionorforinferringextinctionrates.

Conservation biology requires accurate
modelsforprojectingfutureresponsestoclimate
change. Fortunately, massive environmental
change has occurred repeatedly through time,
providing natural experiments with which to
groundͲtruththeseimportantmodelingefforts.As
withmanyotherfields,fossilͲspecimendatabases
are being consolidated and expanded through
government funding and interͲinstitutional coopͲ
eration. Additionally, advancements in statistical
and taphonomic methods allow more effective
use of fossil and ancient DNA data. As a result,
historical biogeographers are harnessing the
depth and breadth of the fossil record through
everͲimproving specimen databases to groundͲ
truth models with paleoenvironmental reconͲ
structions. In doing so, we are gaining unique inͲ
sights into the processes that are driving bioͲ
geographic patterns and stand to better predict
theresponsesthatwemightseeinthefuture.


BiogeographyoftheAnthropocene
(A.L.Stigall)





The impacts of human activities are clearly eviͲ
dent throughout every ecosystem on Earth and
dominatetwogeologicepochs:theHoloceneand
the Anthropocene. The Holocene is wellͲ
established, relating to the current interglacial,
whereas the Anthropocene is newly proposed to
documentthemarkofhumansonourplanetand,
like all formal chronostratigraphic units, must be
established based on globally pervasive paleonͲ
tologiccriteria(TonyBarnosky).FortheAnthropoͲ
cene,thegeographicspreadofhumansandinvaͲ
sivespecieswillcertainlybepreservedinthefossil
record, but archeologists, ecologists and geoloͲ
gists hold varying perspectives on when the AnͲ
thropocene started (Balter 2013). Barnosky arͲ
guedthatthebestindicatorsarelikelytobetrace
fossils: microplastics and roads. These would esͲ
tablish the base of the Anthropocene Epoch
aroundtheyear1950CE.TheCambrianPeriodis
similarly based on trace fossils (of trilobites), and
like the Permian–Cretaceous boundary, the AnͲ
thropocene will be marked by a profound mass

frontiersofbiogeography5.2,2013—©2013theauthors;journalcompilation©2013TheInternationalBiogeographySociety

143

horizonscanofbiogeography
extinction(Barnoskyetal.2011).

A ~1950 definition places the Holocene–
Anthropoceneboundaryrelativelyrecentlywithin
the timeͲframe of many biogeographic studies.
Direct human impacts on the environment, for
example, may be traceable to impacts of human
habitationonfireregimesinCentralAfricanrainͲ
forestsduringthepast1100years(CarolinaTovar
and colleagues). Using a dozen wellͲdated sediͲ
ment cores,a clear increase in ignition was demͲ
onstrated over the study interval, particularly in
theMarantaceaeforest.Thecharcoalsurgelacked
a clear spatial structure and occurred in the abͲ
senceofincreasedlocalaridity,andthusprovides
evidenceforintentionalforestmanagementpracͲ
tices in Africa. This is analogous to patterns reͲ
ported for tropical rainforests of South America
(e.g., Edwards 1986, Piperno 1994) and further
bolsters the data for ecosystem modification by
indigenoussocieties.

The onset of such changes presaged distriͲ
butional shifts of taxa related to the indirect imͲ
pactsofhumanactivitiesincludingclimaticwarmͲ
ingandspeciesinvasions.Historicalresearch,such
as Alexander von Humboldt’s famous Mt. ChimͲ
borazo study (von Humboldt 1805), now provide
unplanned reference points for assessing change
(seealsoGrinnellandStorer1924c.f.Moritzetal.
2008, Barry et al. 1995, Perry et al. 2005). Naia
MouretaͲHolme and colleagues sampled plant
communitycompositionevery100mofelevation
change along a series of transects to determine
the present elevational distribution of plant speͲ
cies 210 years after von Humboldt’s study. Their
data reveals that Mt. Chimborazo plant species
showed an average upslope elevational shift of
387m, providing clear evidence of distributional
changes following Anthropocene climatic warmͲ
ing. Over approximately the same 200 year peͲ
riod, the impressive data set assembled by the
PalEON project demonstrates a shift of tree speͲ
ciestowarmertemperaturesandhigherprecipitaͲ
tionintheAmericanMidwestwhichwasmatched
byshiftsincommunitycomposition,pollenassemͲ
blages, and utilization of species niche space
(SimonGoringandcolleagues).However,itisalso
well appreciated that some species are unable

accommodate climate change through distribuͲ
tional shifts (Loarie et al. 2009). Based on GIS
modeling, the forecast sea level rise of 1–10 meͲ
ters is predicted to impact plant species in the
UNESCO world heritage site of Panama’s Coiba
NationalPark—anarchipelagoofseveralhundred
small to moderate sized islands—by reducing the
areal extent of individual islands by 2–100% (Kim
Diver and colleagues). Certain habitats are likely
to be entirely lost causing extinction of endemic
species,andincreaseddispersaldistancemayfurͲ
therstressandpossiblyinterruptmetaͲpopulation
dynamics.

Inevitably, the fate of species may be deͲ
cided not only by what happens ‘at home’, but
also by the options that are available elsewhere.
Comparing the niche space occupied by invasive
species within their native and invasive ranges
reveals a high degree of niche conservation beͲ
tweenregionswithanalogclimates(BlaisePetitpiͲ
erreandcolleagues;Petitpierreetal.2012)someͲ
what in contrast to results from paleontological
analyses(seeDavisandMcGuire;Stigall2012).

Estimating species’ distributional responses
tochangingecosystemsisanincreasinglyvigorous
and visible area of biogeographic research.  The
frequency of analyses investigating niche conserͲ
vatism and niche transferability in space and in
time highlights the importance of disentangling
the impacts of human activities, recent climate
change, species invasions, and abiotic and biotic
effects.  Conflicting results underscore the need
fordevelopingaccurateandcomparableanalyses.
More accurate predictions rely on calibrating
models of species distribution shifts and underͲ
standing patterns of evolutionary response and
niche stability among taxa. Arguably, one of the
bestsourcesofcalibrationdatacomesfrominforͲ
mation about species distributions prior to anͲ
thropogenic influences on the ecosystem, which
defines an important integrative research direcͲ
tionforbiogeographers,ecologists,andevolutionͲ
arybiologists.


Globalchangeandconservationbiogeography
(R.Early)
The IBS meeting opened with the observation,
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originating with Wallace, that overly simplistic
explanations of biogeographic patterns are
unlikely to be useful (Lawrence Heaney). The
same rings true of biogeographic forecasts. The
complexityandidiosyncrasyofspecies’responses
toglobalchangewasunderlinedbyacomprehenͲ
sive analysis of alpine plant range shifts (JohnͲ
Arvid Grytnes and colleagues). Alpine plants are
generally moving upwards, but there is no direct
link to climate warming. Instead the interaction
between winter precipitation and temperature
appears to affect snowmelt timing, and this indiͲ
rect effect appears to be the most important
driverofvegetationchange.

In the face of such indirect and complex
climatic effects on ranges, demographic models
can be used to model the effects of multiple facͲ
tors on distributions (Corey Merow and colͲ
leagues).Speciesdistributionsaretheoutcomeof
survival, growth and fecundity responses to the
environment, but these processes are so enͲ
twined that their individual contributions to patͲ
ternsofoccurrencecannotbeinterpreted.MeasͲ
urements of these vital rates and Integral ProjecͲ
tion Models (IPMs; Dahlgren and Ehrlén 2009,
2011) can disentangle the effects of climate, soil,
andfireonaCapeProteaceaespecies.

WhiletechniquessuchasIPMsareeffective
at fine spatial resolutions, different factors drive
species distributions at different scales (Luoto et
al. 2007, Wisz et al. 2013). Whereas the global
ranges of 15 highͲrisk invasive aquatic plant speͲ
ciesweredrivenbymeanclimateconditions,their
landscapeͲscaleinvasivedistributionsweredriven
by local landͲuse, environment and human influͲ
ence (Ruth Kelly and colleagues). Thus, different
rangeͲdrivers should be used to inform different
aspects of invasion management. Border control
and trade might be usefully informed by species’
largeͲscale climate associations, but inͲcountry
monitoringandexterminationprogramsshouldbe
informed by the effects of landͲuse and human
influence.

The concern that the drivers of species’
ranges might not be static, but change during
rangeͲshift, adds further complexity to the measͲ
urement of the factors that drive distributions.

Indeed, evolutionary adaptation was found to faͲ
cilitate rangeͲexpansion in an invasive beetle,
Leptinotarsa decemlineata (Saija Piiroinen and
colleagues). Local adaptation quickly results in
clines in environmental tolerances in invasive
populations. However, experimental work shows
that evolutionary responses to multiple environͲ
mental stressors might not be complementary.
For L. decemlineata, cold exposure leads to coldͲ
adapted offspring, and appears to have assisted
rangeͲexpansionatcoldmargins.InsecticideexpoͲ
sure leads to insecticideͲresistant offspring. HowͲ
ever, coldͲadapted offspring are less tolerant of
insecticides, which could limit expansion at the
coldrangeͲmargin.

How shifts in individual species’ distribuͲ
tionsmightaffect(andbeaffectedby)otherspeͲ
cies and biotic communities remains a largely
open question (Gilman et al. 2010, Wisz et al.
2013).ClimateͲdrivenchangesinthedistributions
of the global bird biota would affect functional
diversity, with knockͲon effects for ecosystem
health (Morgane BarbetͲMassin and Walter Jetz).
Fuzzylogicprinciplesindistributionmodelingcan
beappliedtopredicttheeffectsofbioticinteracͲ
tions on species’ future distributions (Raimundo
Real and colleagues) and usefully distinguish the
effectsofbioticinteractionsandthephysicalenviͲ
ronmentondistributions,becausemeasurements
ofenvironmentalsuitabilityareunaffectedbydifͲ
ferent prevalences of interacting species. Based
on the principle that several species may coexist
whentheenvironmentalconditionsarefavorable
forallofthem,fuzzylogiccanpredictareasofcoͲ
existence or exclusion under climate change for
three types of species pairing: parapatric, symbiͲ
otic, and predator–prey (e.g., Acevedo et al.
2012).

In conclusion, management recommendaͲ
tions based on such inͲdepth analysis of bioͲ
geographic drivers indicate the maturity of conͲ
servation biogeography as a discipline. However,
therealͲworldcredibilityofconservationbiogeogͲ
raphydependsonthesuccessfulapplicationofits
recommendations. This symposium yielded inͲ
sightsderivedfromsingleͲspeciesstudies,butthe
great potential of biogeography is its ability to
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assess global change impacts on entire biotas.
Consequently,amajorchallengeistolinktheadͲ
vancesindemographic,evolutionary,andcommuͲ
nity aspects of biogeography demonstrated here,
to regionͲ or biotaͲwide analyses.  A promising
technique is to apply data on species’ functional
characteristics to quantify impacts of changes in
species’ distributions or abundances on broader
communitiesandecosystemprocesses.


Existingandemergingthemes
The serendipitous and ‘revolutionary’ natures of
progress in research (e.g., Kuhn 1962) make the
greatest advances in science arguably impossible
to predict. However, careful consideration of exͲ
pertopinion(SutherlandandWoodroof2009)and
trends in the literature (King and Pendlebury
2013) can help identify what appear to be
“important developments” in areas that are
“startingtochange”andespeciallythosematters
thatare“atthemarginsofcurrentthinking[and]
may be transformative”2. To help identify such
emerging themes, we first situate biogeography
amongotherfieldsanddistinguishexistingtrends
inthebiogeographyliterature.


Theplaceofbiogeographyinscience
Biogeography is practiced and classified as a
largely ecological and/or evolutionary—a.k.a.
modern and/or historical—science (Cox and
Moore 2010, Thomson Reuters5, Figures 1, 4). A
‘map of science’ circa 2006 placed biogeography,
asasubfieldofecologyandevolution,intheconͲ
text of other biological, as well as chemical,
mathematical, physical, and social sciences
(Rosvalland Bergstrom2008).ThestrongestconͲ
nections via citation from/to biogeography were
internally with other ecological and evolutionary
disciplines, although strong external links existed
also with crop (plant) sciences, geosciences
(particularlyclimate),microbiology,andmolecular
biology. Our own citation analysis in Web of SciͲ

enceemphasizestheconnectionsofbiogeography
with ecological, evolutionary, plant, molecular,
and climate sciences for the period 1999Ͳ2006,
and also highlights the role of zoological studies
thatismaskedbytheclassificationsystemofRosͲ
vallandBergstrom(2008;seeFigure5).Together,
thesesevencategories—inthetopeightpreͲ2003,
andtopsevenpostͲ2002—accountedfor~68%of
publications in biogeography during the years
1999–2006. These same top seven categories
similarly accounted for twoͲthirds (mean 66%) of
biogeography publications during 2007–2012
(Figure5).


Existingtrendsinbiogeography
Although, on average, the share of biogeography
researchinthetopsevendisciplineshasremained
fairlyconstantforoveradecade,therelativeproͲ
portions of each category has varied from period
toperiod.TradeͲoffspossiblyexist6betweenecolͲ
ogy and evolution (r = Ͳ0.14, p = 0.77), and beͲ
tween plant sciences and zoology (r = Ͳ0.58, p =
0.17), whereas the allied fields of genetics and
molecular biology covary (r = +0.86, p = 0.013).
The intuitive overlap of evolution with genetics
and molecular biology (despite nonͲsignificant
empiricalcorrelationsof,respectivelyr=+0.46,p
= 0.30 and r = +0.56, p = 0.19) and the negative
empiricalcorrelationsofecologywithgenetics(r=
Ͳ0.83,p=0.021[molecularbiology:r=Ͳ0.50,p=
0.25])suggesttherecentwaxandwane—perhaps
a ‘perpetual flux’—of ecology and evolution in
biogeography over the duration of our analyses
may be driven in part by methodological adͲ
vances.

Trendingdown—Althoughthepopularityof
most disciplines in biogeography varies through
time, and the majority are increasing in absolute
terms,thepast14yearshaveseenoveralldownͲ
ward trends in the relative proportions of bioͲ
geography citations in the areas of ecology
(correlation of share of citations in a period

5seearchive.sciencewatch.com/about/met/fielddef/
6Acknowledgingweakstatisticalpowerweconsidersignificanceatɲ=0.1,andbecauseadditionofresearchcategoriesbyThomͲ
sonReutersmayinfluencetemporalpatternswealsoassesstrendsqualitatively(e.g.,ecologyandevolutionarenotstatistically
negativelycorrelated,butvisuallyit isobviouslythecase;thedifferencemaylieinreclassificationsduring2005Ͳ2006when10
categorieswereadded).
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Figure 5. Percentageofbiogeographypublicationsinbiennialperiodssince1999classifiedintoeachof26research
categories per Thomson Reuters in the Web of Knowledge database. Articles were identified by the topic word
search“biogeography”intheScienceCitationsIndex–Expanded.Thecategoriesshownarethetop26in2011–2012
that also were recorded in all prior biennial periods. Research categories are ordered top to bottom according to
theirrankin2011–2012.Thenumberofpublicationsineachperiodincludedinthisanalysis(andthepercentagethis
represents of total biogeography publications each period) is, respectively, 1682 (97.9%), 1949 (98.4%), 2517
(98.1%),3153(97.7%),3966(97.5%),4463(96.7%),4773(94.9%).ThedecreaseinpercentageofbiogeographypaͲ
persrepresentedisduetotheadditionof32newcategoriesoverthe14yearperiod.OthercategoriesincludeagriͲ
culturaldisciplines,anatomy–morphology,atmosphericscience,behavior,bioͲandgeochemistry(andotherchemisͲ
try disciplines), cell biology, computational sciences, various engineering disciplines, geochemistry, infectious disͲ
eases, mathematics, physiology, remote sensing, statistics, and virology. We note that a topic word search for
“biogeography”maymissbiogeographyͲrelatedpapersthatdonotselfͲidentifyasbiogeography,furtheranalysisof
whichcoulditselfbeinformativebutwhichisbeyondthescopeofthisstudy.

againstnumberofyearssincestartofanalysis:r=
Ͳ0.75;p=0.054;changeinshare:Ͳ2.4%),geology
(r=Ͳ0.69,p=0.086,Ͳ0.31%),marineandfreshwaͲ
terbiology(r=Ͳ0.74,p=0.057,Ͳ2.5%),andphysiͲ
cal geography (r = Ͳ0.83, p = 0.022, Ͳ1.0%). Some
oftheseare perhapscounterͲintuitive.ForexamͲ
ple, species distribution modeling is firmly in the
areasofecologyandphysicalgeography,butalso
isplayingkey,albeitdebated,rolesincontempoͲ
rarybiogeography(Figure1;AraújoandPeterson
2012);wespeculatethatSDMsmayinpartbereͲ
sponsiblefortherecentpositivetrendinecologiͲ
cal biogeography (since 2007). Downward trends

in other disciplines, however, are consistent with
the generally low representation of deepͲtime
(Figures1,4)andaquaticsciences(Figures1,2)in
recentbiogeographymeetings.

Trending up—Overall 14Ͳyear upward
trends characterize zoology (r = 0.78, p = 0.037,
+1.5%), biodiversity conservation (r = 0.90, p =
0.006,+1.3%),biology(r=0.76,p=0.049,+0.5%),
basic and applied microbiology (r = 0.99, p <
0.001, +1.8%; r = 0.87, p = 0.012, +0.7%; respecͲ
tively), and oceanography (r = 0.78, p = 0.039,
+0.35%). The rise in biodiversity conservation
studies reflects the maturation of conservation
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biogeography as a discipline since circa 2000 CE
(Ladle and Whittaker 2011; see also the section
Global change and conservation biogeography).
The rise of zoology is captured in the prevalence
of studies of vertebrates, particularly mammals
and birds (Figure 3) often in largeͲscale macroͲ
ecologicalandphylogeneticanalyses(e.g.,Jetzet
al.2012b)likelydrivenbytheavailabilityofdata.
The rapid growth of microbiology since 1999
doubtless has been driven in part by advances in
DNA sequencing technology (Sogin et al. 2006,
Reeder and Knight 2009) and in part by concepͲ
tualadvances(Martinyetal.2006);however,miͲ
crobial biogeography remains underͲrepresented
atIBSmeetings(Figures1,3).TheriseofoceanoͲ
graphic biogeography may be tied to the rise of
microbial biogeography (e.g., Sogin et al. 2006)

andalsototheavailabilityoflargedatasetsfrom
remotesensing,biodiversityinitiatives,andfisherͲ
ies (e.g., Tittensor et al. 2010, Reygondeau et al.
2012)giventhatotheraquaticsciences,including
(coastal) marine research, in general are on a
downwardtrajectory(Figure5).


Emergingthemes
BeforelookingforthemesemergingfromtheproͲ
ceedingsofthe6thbiennialmeetingoftheIBS,we
turntoonefinalsetofbibliographicanalyses:the
most recent annual analysis of ‘Research Fronts’
by Thomson Reuters (King and Pendlebury 2013,
p.3;Table1).

Research fronts are formed when “clusters
of papers that are frequently cited together …
[attain a] level of activity and coherence … with

Table1.ResearchFrontsinEcologyandEnvironmentalSciences,andinresearchareasrelatedtobiogeography,for
2013asidentifiedbyThomsonReuters(KingandPendlebury2013).Otherresearchcategories7didnotcontainreͲ
searchfrontsobviouslyrelatedtobiogeography.
Rank ResearchFronts

EcologyandEnvironmentalSciences(EES)
1
Oceanacidificationandmarineecosystems

Core
papers

Numberof
citations

Meanyearof
Corepapers

45

3,653

2009.6

2
3

Biodiversityandfunctionalecosystems
Mangroveforestsandclimatechange

43
16

3,139
1,121

2009.5
2009.5

4
5

ModelsandimpactsoflandͲusechange
Biocharamendmenttechniquesandeffects

18
41

2,318
2,300

2009.4
2009.4

Adaptive evolution in invasive species and approxiͲ
mateBayesiancomputation
7
Chytridiomycosis and largeͲscale amphibian populaͲ
tionextinctions
8
Pharmaceuticalresiduesinenvironmentalwaterand
wastewater
9
Community ecology and phylogenetic comparative
biology
10
Climatewarming,alteredthermalniches,andspecies
impact
Agricultural,plant,andanimalsciences(APAS)

19

1,255

2009.4

13

1,003

2009.3

50

3,815

2009.1

20

1,799

2009.1

14

1,244

2009.1

32
18

1,537
1,374

2010.0
2010.0

34

2,259

2009.7

28

2,490

2009.6

30

2,098

2009.5

6

1
2
6

Impactofclimatechangeonfoodcrops
Comprehensive classification of fungi based on moͲ
lecularevolutionaryanalysis
Angiospermphylogenygroupclassification

Geosciences
4
Greenland ice core chronology and the Middle to
UpperPaleolithictransition
6
Climatechangeandprecipitationextremes
7seearchive.sciencewatch.com/about/met/fielddef/
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thecoͲcitedpapersservingasthefront’sfoundaͲ
tional ‘core’ … [linking] researchers working on
related threads of scientific inquiry, but whose
backgrounds might not suggest that they belong
to the same ‘invisible college’” (King and PendleͲ
bury2013).Toalargedegree,researchfrontsalͲ
readyareestablishedareasofveryactiveresearch
andarethereforefamiliartopics,includingatleast
eightpriorityareasinbiogeography (Table1: EES
2,6,7,9,10;APAS2,6;Geosciences6).Severalof
these have a decadeͲlong history (e.g., The Royal
Society 2005) and are targeted by specific grant
programs (e.g., Ocean Acidification and DimenͲ
sions of Biodiversity at the US National Science
Foundation, started in 2010), large research
groups (e.g., the Center for Macroecology, EvoluͲ
tionandClimateinDenmark),orpriorIBSsympoͲ
sia (e.g., Analytical Advancements in MacroecolͲ
ogyandBiogeography,Crete2011;DinizͲFilhoand
Rahbek2011).

To look for the most recent emerging
themesweturntotheproceedingsofthe6thbienͲ
nialIBSmeeting,contextualizedbythepreceding
citation analyses—particularly the areas of reͲ
searchthatmaybebubblingunder,orwithin,exͲ
isting themes and yet to acquire a significant
share of the published biogeography literature
(seecaptiontoFigure5).Theseweconsiderasthe
potentially “important developments” in areas
thatare“startingtochange”andmayseedquesͲ
tions that are “at the margins of current thinking
[and] may be transformative.”2 In composing,
chairing, and writing about the IBS symposia, we
identifiedatleastsevensuchareas.

Genes, traits, and patterns of biodiversity—
Interest in the biogeography of traits is as old as
manyecogeographic‘rules’,howeverstudiesclasͲ
sified as including ‘anatomy–morphology’ comͲ
posed 0.1–0.3% of the biogeography literature in
just three of the past seven biennial periods
(peakingin2001–2002).Similarly,therelationship
between genes and traits has long been manipuͲ
lated by agriculturalists and animal breeders
among others (e.g., Real 1994). Only in the past
approximatelyoneͲandͲaͲhalfdecadeshavethese
two aspects been integrated directly with each

other, for example in analyses of phenotype onͲ
tologies and quantitative trait loci (Mabee et al.
2007, Miles and Wayne 2008), and for <5 years
have singleͲstudy designs begun to integrate geͲ
netic, trait (functional), and species diversity
(Swenson2011).ThusthecombinationofthegeoͲ
graphic distribution of trait variation with known
ordiscoverablefunctionandgeneticoriginpromͲ
ises to link ecological and evolutionary mechaͲ
nisms with environmental variation and species
distributions.MechanisticorprocessͲbasedSDMs
(e.g., Kearney and Porter 2009) already may link
populationgrowthanddispersalabilitytoheteroͲ
geneous landscapes to predict broadscale patͲ
terns of spread (e.g., Merow et al. 2011), and
IPMs may link traits or traitͲcomplexes to key
emergent properties such as habitat affinity, disͲ
persal,populationdensity,andproductivity.ComͲ
pilation and publication of comprehensive trait
databases for major taxonomic groups can proͲ
vide the data necessary to detect process at reͲ
gional, continental, and global scales. Such dataͲ
bases, when combined with field and experimenͲ
talstudieslinkingenvironmentandfunction,posiͲ
tion traitͲbased approaches at the forefront of
transformations in new biogeographical models,
testsandtheory.

Tropicalbiogeography—Tropicalecosystemshave
longbeenunderstudiedrelativetonortherntemͲ
perateregions(Shapiro1989,Beheregaray2008).
As such, there are longͲstanding questions about
howprocessesintheregionsmaydifferinemphaͲ
sisandtheextenttowhichprocessesinthetropͲ
icsmaydriveglobalpatternsofdiversity(Antonelli
and Sanmartín 2011). Strong representation of
tropical studies during the IBS meeting (Figure 2)
reflects in large part that tropical research has
increased considerably in recent years, and thus
speaks to the potential for answering some of
these questions. However, increases have been
uneven and challenges can remain substantial.
Countries like Colombia and Brazil are rapidly
gainingstrengthinsomeresourceͲintensiveareas
such as molecular phylogenetics, whereas others
are lagging behind. Even within strong countries
suchasBrazil,richstatesareinvestingmuchmore
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insciencethanpoorerstates(Marques2012).The
consequent unevenness that may result in enviͲ
ronmental, genetic, trait, or species distribution
databasesmaybeexacerbatedbyunequalaccess
to biological resources, which could compromise
analyses in biogeography (Swenson 2013). ReͲ
search infrastructure in much of the tropics reͲ
mainssomewhatlimitedrelativetotheopportuniͲ
ties at hand, diminishing potential for detailed
groundͲtruthedlongͲtermtimeͲseriesthatmaybe
neededtounderstandfluctuatingprocesses.

Marine and freshwater biogeography—Marine
biogeographyisarecognizedsubdisciplineinbioͲ
geography (Heaney and Lomolino 2009:1Ͳ2), is
represented in standͲalone sessions at IBS meetͲ
ings, achieves publications in leading disciplinary
and general journals (e.g., Follows et al. 2007,
Schilsetal.2013)butremainspoorlyintegratedin
biogeography
(Dawson
2009)8.
UnderͲ
representationinthishorizonscanisattributable
inparttoabsenceofasymposiumsummary,but
citation analyses indicate that ‘freshwater and
marine’studieshaveadecliningshareofpublicaͲ
tions in biogeography, although oceanographic
studiesareincreasing(Figure5).ThepoorintegraͲ
tion of marine and freshwater studies into the
broader biogeographic literature may be due in
parttoveryrealdifferencesinfluidenvironments,
inpartbychallengesconductingmarineresearch,
andconsequentlylessdetaileddatasetsthanusuͲ
allyareavailableforterrestrialplantsandanimals
(Cox and Moore 2010:28–29, 265; but see e.g.,
Tittensor et al. 2010, Worm and Tittensor 2011,
Reygondeauetal.2012).However,muchremains
to be learned about similarities and differences
among aerial, freshwater, marine, and terrestrial
biogeography(DawsonandHamner2008,Vermeij
andGrosberg2010,Webb2012)andcomparisons
including marine or freshwater studies may comͲ
plement how we think about terrestrial systems
(Dawson 2012b) in the same way that studies of
terrestrial systems continue to influence marine
studies (e.g., Island Biogeography). Questions
suchasthephylogeneticandenvironmentaldistriͲ

bution of traits, which are of breaking interest in
terrestrialbiogeography,alsoarebeingstudiedin
theseas(McClainetal.2012,Mircetaetal.2013).
To overcome existing barriers between subdisciͲ
plines,societiesandjournalsneedtoextendtheir
conceptual boundaries, databases must be imͲ
proved, and methods must advance to include
marine and freshwater taxa similar to those for
terrestrialplantsandvertebrates.

The challenge of integration—The challenge of
assimilating or integrating information describing
different datatypes, places, subdisciplines, and
taxarecursinmanycontextsandonmanydifferͲ
entscales.ThischallengeexistsforprocessͲbased
understanding of species distributions, predicting
responses to future change, spatialͲtemporal
transferability, and other matters including the
grandgoalofunifiedtheory(e.g.,Scheiner2010).
Ongoingadvancesindatacollectionandarchiving,
the infiltration of common data types (e.g., DNA
sequences) across traditionally disparate disciͲ
plines,andthecontinueddevelopmentofanalytiͲ
cal tools will each chip away at existing barriers.
The advent of nextͲgeneration sequencing techͲ
nologies will better enable causal links to be esͲ
tablished between the diversity and distributions
of alleles, phenotypes, and environments
(Gillespie2013,Rochaetal.2013,Figure6).LikeͲ
wise, additional frameworks to organize these
datalikelyarealsonecessaryandmaybebuilt,in
part,onareasofstudythatalreadybridgespatial
andtemporalscalessuchasPhylogeneticBiogeogͲ
raphy and Phylogeography (Emerson et al. 2011,
Marske et al. in press). We may also find apͲ
proaches to adopt from other fields such as sysͲ
tems biology (Levin 2010, Dawson and Hortal
2012), and we should choose natural experimenͲ
tal settings (Smith and Lyons 2011) in which to
compete different metrics or hypotheses using
standardized comparative frameworks (Chiarucci
et al. 2011). Thus, studies in the history and phiͲ
losophy of science could have an impact beyond
their small share of the biogeography literature.
Forexample,abetterunderstandingofbiogeograͲ

8 However,organizersofthe6thIBSmeetingmadeaconsciousefforttointegratepostersbyconceptsandthemesratherthan
locationorenvironment.
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Figure 6.Onepossibleconceptionof
thethreemaincomponentsofbiodiͲ
versityandtheirrelationshipstovariͲ
ous biogeographic disciplines. The
majority of investigations into the
structure of biodiversity have foͲ
cused on species diversity
(taxonomic, green sphere), and inͲ
creasingly the relationships between
taxonomicandgeneticdiversity(blue
sphere).Researchonfunctionaltraits
(yellow sphere) is increasingly comͲ
mon and interacts with genetic and
taxonomic approaches. Studies siͲ
multaneously quantifying all three
components generally are in the
early stages of development. Figure
and caption modified from NSF
(2010)andSwenson(2011).

phy itself can influence how we think about the
roleofmodels(e.g.,Sismondo2000)andhowwe
studybiogeographyinthefuture.

Challenges within integration—The grand chalͲ
lengeofintegrationiscomplicatedbymultiplesub
Ͳchallenges,suchashowtomakesenseofspatial
and temporal continua. Much has been written
about spatial scale dependency during the past
two decades (e.g., Levin 1992, Whittaker et al.
2001, Scheiner 2011) so we will add only that it
seemsimperativetomovetoindividualͲbasedgeo
Ͳreferenced genetic, functional, and taxonomic
datathatwillfacilitatecoͲexplorationofthecomͲ
ponents of biodiversity (Figure 6) across multiple
levels of organization including identifying emerͲ
gent patterns and processes (e.g., Clark 2010).
OrganismsthataremobileshouldbetrackedtemͲ
porally too, through a spatially and temporally
wellͲdescribedenvironment.

In terms of the temporal continuum, the
essential evolutionary tool is clearly the chronoͲ
gram, which with models of character evolution
caninprinciplelinkallspatioͲtemporal‘locations’
occupied by a lineage and integrate ecology with
evolution. Such continuity between neobiologists

andpaleontologistsmaydovetailthestrengthsof
themodernrecord—whichissampleͲrichinspace
anddiversity—withthereciprocalstrengthsofthe
paleorecord: information on extirpated populaͲ
tionsandextinctspecies.Thus,wemightgaininͲ
sight into microͲevolutionary processes occurring
during deeperͲtime intervals, and greater underͲ
standing of fundamental niches of extant taxa,
traitevolution(ornicheconservatism),andtransͲ
ferability in space and/or time (Hu et al. 2009).
Inferring biological processes from phylogenetic
patterns, though, should be done cautiously
(Losos2011).

A key issue is how to link recent with anͲ
cient timescales. Fossils and/or geological events
have long provided calibration points for rates of
mutation (notwithstanding issues such as heteroͲ
chronyandrateheterogeneity).However,models
of nucleotide substitution under different demoͲ
graphic scenarios (Burridge et al. 2008, Ho et al.
2011,Crandalletal.2012)andstudiesofinvasive
species (Darimont et al. 2009) indicate that moͲ
lecular and phenotypic evolution can proceed
muchfasteronshorttimeͲscalesthanisrecorded
infossilrecords.GreaterresolutionofmicroevoluͲ
tionaryrateswithinperiodsofrapidchangeinthe
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paleontologicalrecord,andlookingdirectlyatanͲ
cientDNA,mayhelpreconcilewhentousefossil/
geologic calibrations versus expansionͲdating or
perhaps suggest appropriate sliding scales, not
only for conservation neoͲ and paleoͲbiologists
but also for historical demographers and phyͲ
logeographers.

Model systems—Biogeography is differentiated
frommanyotherfieldsinlackingamodelsystem.
There arguably is no equivalent of the model orͲ
ganism—zebra fish, stickleback, mouse, Anolis
lizard,orArabidopsis—andthebestanalogofthe
LargeHadronCollider(asaplacetostudyprocess)
maybeislands,butwhetherislandsservethispurͲ
pose is debatable (Cox and Moore 2010:31). Are
there places and/or (communities of) taxa that
could serve such a purpose, and what new chalͲ
lenges and opportunities would be intrinsic to
such an approach? An obvious concern would be
lack of representation of placeͲ, timeͲ, or taxonͲ
specificprocesses,butmightsomesystemsyielda
worthwhiletradeͲoff?Onepossibilitymightbeto
adoptorganismsthatalreadyaremodelsandalso
havewidegeographiccoverageandaddressmany
issues of concern (e.g., Drosophila). Other desirͲ
able attributes would include detailed genotype
andphenotypedatabasesfordiversepopulations
coupledwithanextensivehistoricalandfossilreͲ
cord (e.g., Homo; Thomas et al. 1998) with anaͲ
loguesinothertaxaand/orenvironments(e.g.,Yi
etal.2010,HuertaͲSanchezetal.2013c.f.Mirceta
et al. 2013). Recent years have seen a dramatic
increase in knowledge about hominin evolution
spanningmanyissuesmentionedabove(Brownet
al. 2004, Perry and Dominy 2009, Callaway 2011)
but biogeographic studies tend to focus on modͲ
ern humans as agents of change in other species
(e.g., Biogeography of the Anthropocene and two
other symposia in this review) and less on
hominins as study organisms. Conceivably, mergͲ
ing of hominin ecology and evolution in biogeogͲ
raphy could further improve understanding of
pastimpactsofhumansonbiodiversity,responses
to global change, and predictions about the fuͲ
ture. For macroecological and community procͲ
esses, models seem likely to be drawn from the

alreadydominantstudytaxa:mammals,birdsand
plants such as forest trees (Figure 3). In time,
theseinfraͲandinterͲspecificmodelsmaybeinteͲ
grated.

Infectious diseases—The organisms that cause
infectious diseases, including microbes and paraͲ
sites, provide another opportunity to integrate
pastandfutureeffectsatpopulationtoecosystem
levels while considering multiple species’ ecolͲ
ogies (such as hosts including most if not all taxa
inFigure3)andtimescales(e.g.,thoseinFigure4,
divided by different generation times) within a
singlecomparativeframework.AlthoughasympoͲ
siumtopicatthe4thbiennialmeetingoftheIBSin
Merida, 2009, the biogeography of disease reͲ
mainsaslowlybreakingtopic(0.07–0.36%citation
shareduringthemostrecent3of7biennialperiͲ
ods, peaking in 2009–2010). In considering the
biogeography of infectious diseases, our minds
alsoturntothebiogeographyofothersymbioses
inpartasasubsetofproblemsrelating,say,tothe
niches and distributions of facultative symbionts,
and effects on and of the eponymous AnthropoͲ
cenespecies.


Concludingremarks:empiricismandtheory
Biogeography has been a discipline that develͲ
oped theories early but lacked the data and/or
tools to test them (e.g., Hawkins 2001). These
dataandtoolsnowarebecomingavailable,andas
longͲstanding theories are rejected, modified, or
accepted,biogeographyispoisedforanewperiod
of discovery. Platforms for organizing, generating
and sharing knowledge (e.g., Tree of Life), some
selfͲupdating (e.g., SUPERSMART), and standͲ
alone software with even greater ‘plugͲandͲplay’
capabilities seem an inevitable and inextricable
partofthefutureinwhichphylogeneticsandlarge
datasets of genetic, distributional, or trait data
become more accessible (e.g. phyloGenerator,
Pearse and Purvis 2013). These tools and reͲ
sources offer dizzying opportunities for crossͲ
disciplinary or multiͲfaceted approaches, for
whichprecedentsalreadyarebeingset.However,
such automated tools carry with them great reͲ
sponsibility,andtheirobviousbenefitsinaccelerͲ
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ating individual research might tradeͲoff against
the benefits of interdisciplinary collaboration. In
adopting these approaches, it is incumbent upon
ustounderstandandacknowledgethelimitations
of datasetswhich may have been compiled using
methods outside of our own personal expertise;
formanyoftheworld’sspecies,wehaveverylitͲ
tleandatbesthighlyimprecisephylogenetic,disͲ
tributional, and ecological data that are insuffiͲ
cient for current models. Explicit conceptual and
analytical frameworks, including clarification of
howdeviationsfromassumptionsaffectinterpreͲ
tationofdownstreamanalyses,willbekey.

WellͲinformed,
collaborative,
multiͲ
disciplinarybiogeographyisanaturalprogression.
The fields of genetics and physics both adopted
largecommunityprojectsaspartofaglobalstratͲ
egy to address central questions. What would be
thepillarsofaunifiedtheoryofbiogeographythat
adequatelycapturesdynamicsofneutralandnonͲ
neutral processes in interior, freshwater, marine
and terrestrial microbes, invertebrates, plants,
and vertebrates? Whether single large experiͲ
mentsaresufficientisdoubtful;instead,perhaps,
coordinated studies that lay the foundations for
rigorous metaͲanalyses (e.g., Adler et al. 2011)?
Equallyimportantly,whenshouldbiogeographers
besatisfiedwiththeanswersinhand?BeforebeͲ
ginning the human genome project, criteria were
establishedforwhentheprojectwouldbeconsidͲ
ered complete (e.g., Collins et al. 2003) and ‘big’
physics routinely sets statistical and empirical
testsbasedontheorytoaccept‘proof’(Cho2013,
Than 2013), thus enabling these fields to decide
when empirical measurements or an aspect of
theory are sufficiently complete to transition a
majorityofefforttothenextendeavor.Suchlarge
projects and decisions do not negate smallͲscale
studiesinotherorrelatedfieldsnorsignifythatall
work is complete, but encourage progression. A
major theme throughout the 6th IBS meeting was
using new approaches/data to answer existing
questions, which caused some of us to wonder
whetherweshouldworryaboutalackofnewtheͲ
ory?Ingeneral,asafield,wethinkweareasking
the'right'questions,butperhapsthishorizonscan
can help identify whether biogeographers should

becomemoreambitious.
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