““Disentanglingnestedness’’ disentangled

ARISINGFROM AJames,JW.Pitchford&W.J PlankNature487,227-230(2012)

Analyticalresearchindicatesthatthe‘nestedness’ ofmutualisticnet-
worksfacilitatesthecoexistenceofspeciesbyminimizingthecostsof
competitionrelativetothebenefitsoffacilitation ~ '.Incontrast,James
etal. > recentlyargued thatamore parsimonious explanation exists:
the persistence ofacommunity andits constituent species depends
moreontheirhavingmanyinteractions(highconnectanceandhigh
degree,respectively)thanfortheseinteractionstobeorganizedinany
particularmanner.Herewedemonstratethattheseconclusionsarean
unintended consequence of the fact that the methodology of ref. 2
directlychangedthenumberofinteractionsofeachspecies—andhence
theirexpectedpersistence. Whenthesechangesaretakenintoaccount,
we find a significant, positive relationship between nestedness and
networkpersistencethatreconfirmstheimportanceofnestednessin
mutualisticcommunities **. ThereisaReplytothis BriefCommuni-
cationArisingbyJames,A.,Pitchford,].W.&Plank,M.].Nature500,
http://dx.doi.org/10.1038/nature12381(2013).

Givenanetwork,onecanrobustlyquantifytherelativenumbersof
specialisttogeneralistspeciesviathedegreedistribution ~ *°.Anetwork’s
degreedistributionisofconsiderableimportance becausestudieshave
repeatedlyhighlightedthesignificant,positiverelationshipbetweena
species numberofmutualisticpartnersanditssurvivalprobability
Thisdistributionaloneisalsocapableof drivingmanyhigher-order
networkproperties 7,nottomentionthefactthatthedegreesofspecies
arephylogeneticallyconstrainedthemselves ®.Fortheseandotherrea-
sons,studiesacrosstheecological-networkliterature ~ **” haveempha-
sizedtheneedtotakethedegreedistributionintoconsiderationwhen
assessingthesignificanceofthemyriadpatternsobservedinnature

Unfortunately,whencomparingempiricallyobservednetworksto
randomnetworks,theauthorsofref.2seemtohaveoverlookedthis
criticallinkbetween changesinthe degreedistributionandspecies’
survival. Asadirectconsequence,thespecialistsintheirrandomnet-
worksbecamelessspecialistandthegeneralistslessgeneralist . Yes,
therandomnetworkswereobservedtobemorepersistent (Fig. 1a),
butthiswasnotinfactanindicationthatnestednessisunimportant
Instead, thisincreasein persistencewasaresultoftherandomnet-
works having more homogeneous degree distributions ~ *'*,and that
themostvulnerablespeciesintheempiricalnetworksalmostalways
had more interactions in the corresponding randomizations. Here
thisdistinctionisofcriticalimportancebecausespecies’degreesare,
infact,“abetterpredictorofindividualspeciessurvival”  2.“Themore
themerrier”’indeed **.

Toquantitativelyvalidatetheseresults,werepeatedakeyanalysis
ofref.2tomeasuretherelationshipbetweennestednessandpersist-
encewhilepayingexplicitattentiontochangesinthenetwork’sdegree
distribution (Methods). Ontakingthesmallbutcriticalstepofcon-
trollingfortheincreasedhomogeneityofthedegreedistributions,we
observe a significant, positive relationship between nestedness and
persistence(Fig.1b).Inaddition,wereachthesameconclusionwhether
weaccount for changes in the degree distribution statistically or by
repeatingtheanalysiswhilegeneratingtherandomizednetworkswith
anullmodelthatexplicitlymaintainstheobserveddegreedistribution
(Fig.1c,MethodsandAppendix).Allelsebeingequal,ourresultshere
illustratethat, thegreaterthenestednessofacommunity,thegreater
indeedisthatcommunity’spersistence.

Givenan observed number of species and interactionsina com-
munity,aprevailingquestionacrosstheecologicalliteratureiswhether
ornotsomewaystostructurethoseinteractions(forexample,nested-
ness)leadtomorepersistentcommunities. Althoughthenumberof
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Figurel | Withinourregressionanalysis, therelationshipbetween
nestednessandpersistenceinmutualisticnetworksdependsintegrallyon
changesinthedegreedistributionsofthenetworks. a  ,Ifthesedistributions
areallowedtochangebutareuncontrolledfor,nestednessappearstobe
negativelycorrelatedtopersistence(P < 10~ *).b ,c,However,whenthese
changesareappropriatelycontrolledfor—eitherstatistically(  b)orinthenull
modelforrandomization( c¢)—thereisasignificantpositiverelationship
betweennestednessandpersistence( P <10~ *andP < 10 *respectively).The
samegeneralconclusionsreachedherefortheprobabilisticnullmodelholdfor
other,non-degree-preservingrandomizations °.

mutualistic interactions of a species plays an important role in its
survival>**"* wefindunambiguoussupportfortheaddedimportance
ofthewayinwhichmutualisticinteractionsareorganized—thetrue
architectureofbiodiversity '*Echoingref2,ourfindingsre-emphasize
the importance of carefully considering the interplay between all
potential sources of variation '' inecological models. Otherwise,one
runstheriskoffurtherentanglingmodelsthataresufficientlytangled
already.

Methods

For59empiricalnetworks,wegenerated250randomizednetworksandforeachwe
simulatedpersistence(thefraction Pofsurvivingspeciesineachsimulation)across
250parameterizationsofadynamicmutualisticmodel ', We quantified the relation-
shipbetweenpersistenceandnestednesswithamixed-effectslogisticregression s
thattakestheformlogit(  Py) = fo + f1M; + foC; + B3 Wi+ BNy + n; + 1y + e
Heretheindicesi ,jandkindicatetheempiricalnetwork,networkrandomization
andmodelparameterization,respectively, f, isaconstant,theslopes  f3, f5,, 3 and
f4 quantify theimportance of networkmagnitude > M,connectance > C,relative
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degreehomogeneity > W,andnestedness ° N,respectively,therandomeffectsn
andr ; controlforvarianceacross networksand randomizations,and &iji isthe
modelresidual Varianceinflationfactorsgavenoindicationofmulticollinearityin
thismodel.

SergueiSaavedra ! &DanielB.Stouffer 2

!integrativeEcologyGroup,Estacio “nBiolo’ gicadeDon ~ana(EBD-CSIC),
CalleAme’ricoVespucios/n,E-41092Sevilla,Spain.
2SchoolofBiologicalSciences,UniversityofCanterbury,PrivateBag
4800,Christchurch8140NewZealand.
email:daniel.stouffer@canterbury.ac.nz

1. BastollaUetalThearchitectureofmutualisticnetworksminimizescompetition
andincreasesbiodiversity.Nature458,1018-1020(2009).

2. JamesA.Pitchford,JW&PlankM.JDisentanglingnestednessfrommodelsof
ecologicalcomplexity.Nature487,227-230(2012).

3. ThébaultE&FontaineCStabilityofecologicacommunitiesandthearchitecture
ofmutualisticandtrophicnetworks.Science329,853-856(2010).

4. Jordano,P.BascompteJ.&0OlesenJ.M.Invariantpropertiesincoevolutionary
networksofplant-animalinteractions.Ecol.Lett6,69-81(2003).

5. FortunaMAeta/Nestednessversusmodularityinecologicahetworkstwosides
ofthesamecoin?JAnim.Ecol.79,811-817(2010).

6. SaavedraS.StoufferDB.UzziB&Bascompte,) Strongcontributorstonetwork
persistencearethemostvulnerabletoextinction.Nature478,233-235(2011).

7. StoufferD.B.,CamachoJ.Guimera °R.NgCA&AmaralLAN.Quantitative
patternsinthestructureofmodelandempiricalfoodwebs Ecology86,
1301-1311(2005).

8. RezendeElL.lavabreJE.,Guimara “esP.R.JordanoP&BascompteJ.Non-
randomcoextinctionsinphylogeneticallystructuredmutualisticnetworks Nature
448,925-928(2007).

9. Almeida-NetoM.Guimara “es,P.Guimara “es,P.RJrLoyolaRD.&Urlich WA
consistentmetricfornestednessanalysisinecologicalsystems:reconciling
conceptandmeasurementOikos117,1227-1239(2008).

10. UlrichW.Almeida-NetoM.&Gotelli,NJ Aconsumer'sguidetonestedness
analysis.Oikos118,3-17(2009).

11. GotelliNJ&UIrich W.Statisticalchallengesinnullmodelanalysis.Oikos121,
171-180(2012).

12. Williams,RJ.Biology,methodologyorchance?thedegreedistributionsof
bipartiteecologicalnetworks.PLoSONE6,e17645(2011).

13. Allesina,S.Ecology:themorethemerrier.Natured87,175-176(2012).

14. Bascompte,J.&Jordano,P.Thestructureofplant-animalmutualisticnetworks:
thearchitectureofbiodiversity Annu.Rev.Ecol.Evol.Syst.38,567-593(2007).

15. ZuurA.leno,EN.Walker,N. SaveilievAA&Smith,G.MMixedEffectsModels
andExtensionsinEcologywithR(Springer,2009).

AuthorContributionsS.SandD.B.S.designedthestudy,performedthesimulations,
analysedthedataandwrotethemanuscript.

CompetingFinanciallnterestsDeclarednone.
doi:10.1038/nature12380

Appendix
Werandomizedtheempiricalnetworkswithtwonullmodels:theprobabilisticand
fixed(orswap)algorithms °.Forourpurposeshere,thekeydistinctionbetweenthe
twoisthattheprobabilisticmodelgeneratesrandomnetworkswithquantitatively
morehomogeneousdegreedistributionsthanthoseobservedempirically( ~ W;;>0)
whereasthedegreedistributionisstrictlyconservedinnetworksgeneratedbythe
fixedmodel( W;; = 0).ThestatisticalanalysespresentedherewereperformedinR
version2.15.3 (http://R-project.org/) using the glmer function in packagelme4
version0.999999-0(http://lme4.r-forge.R-project.org).Codetoperformthenetwork
randomizations and dynamic simulations in Matlab (http://www.matlab.com/)
andthemixed-effectslogisticregressionsinR (http://R-project.org/)isavailable
fromtheDryadDigitalRepositoryathttp://dx.doi.org/10.5061/dryad.p2gq8.
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