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We

propose

research

to fill key gaps

in the areas of population

and community

ecology,

based on a National

Science Foundationworkshop identifying funding priorities for the next 5-10 years.Our vision for the near future
of ecology focuses on three core areas: predicting the strength and context-dependence of species interactions
acrossmultiple scales; identifying the importanceof feedbacks from individual interactions to ecosystem dynam
ics;and linking patternwith process to understand species coexistence.We outline a combination of theory devel
opment and explicit, realistic testsof hypotheses needed to advance population and community ecology.
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cology is concerned with understanding the abun
dance, diversity, and distribution of organisms in
nature, the interactions among organisms and between
organismsand their environment, and themovement and
flux of energy and nutrients in the environment. Along
with an understandingof the principles that shape funda

E

In a nutshell:
* Ecology will become amore quantitative and predictive disci
pline if research is focused on how the strength of interactions
between species changes with biotic or abiotic context
* Interactions among ecological entities - be they individuals,
populations, or ecosystems - are almost always bidirectional,
but are rarely studied as such; the explicit examination of feed
backs iscritical for understanding ecological dynamics
*Theory on species diversity and species coexistence has out
paced experimentation, so empirical tests that distinguish
among competing theories are needed
*The role of historical events in driving ecological patterns and
processes is increasingly recognized and must be accounted for
in both theory and experimentation
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mental parameters,such as the organizationof communities
and the cycling of resourcesin ecosystems, the basic knowl
edge of ecologists should include information from other
physical and environmental sciences to addresstoday'smost
pressing environmental issues. In January2006, the US
National Science Foundation convened a panel to discuss
the "frontiers of ecology" (www.nsf.gov/funding/pgm
summ.jsp?pimsjid=12823&org=DEB&from=home) and to
make recommendationsfor researchpriorityareas in popu
lation and community ecology.This article summarizesthe
panel's recommendations.
The last such panel was convened in 1999 (Thompson
et al. 2001), and we therefore report on recent progress
and research goals for the next decade. Although we
agreewith many of the previous recommendations, we
have chosen to highlight areas of inquiry still in need of
expansion. In particular,our approachwas not to redefine
the field or identify "hot topics". Instead,we stepped back
to ask: what are the outstanding questions that, if
answered, would substantially advance the discipline?
Here, we highlight several rapidlydeveloping conceptual
areas that have the potential to reshape ecology in the
near future.We have not highlighted fields such as
microbial ecology or invasion biology, as these areas are
alreadygrowing fast and are rightfully receiving attention
in terms of funding and intensive study.Nor have we
based our discussion on under-investigated systems,
although we highlight some underutilized systems and
approaches,which present great opportunities for under
standing ecological pattern and process (WebPanel 1).
Instead,we seek to highlight underexploited but poten
tially fruitful areas of research that, if pursued, would
build upon recent conceptual advances in ecology.
At the most general level, we propose that ecologists
must understand the implicationsand limitationsof three
key assumptionswhich, by unfortunate necessity, have
often provided the implicit frameworkforprevious ecologi
www.frontiersinecology.org
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munity ecology has been to evaluate how
each process separately influencespopula
Plant
er
tion dynamics or community structure.
Rhzs
Rhizospher
Community
genotype
Ecosystem
This approachhas been fruitful:in the past
40 years,ecology has transitionedfrom the
temperature
plants
climate
view that competition alone structures
chemistry
animals
nutrients
Mycorrhizal
moisture
communities to a more inclusive and
microbes
pollution
biota
fungal
nuanced perspective incorporatingpreda
genotype
tion,mutualism, and parasitism (Wootton
1994; Stachowicz 2001). Moreover, we
now recognize the importance of condi
among species. tionaloutcomes of interactions (Bronstein
Figure 1. Context dependencealmostalways affects interactions
between 1994), indirect effects (Wootton 1994),
For example,mycorrhizalassociationsareamanifestationof theinteraction
factorsthatdetermine trait-mediated interactions (Preisseret al.
plantand fungalgenotypesand thehierarchyof environmental
thefunctioningof mycorrhizasalong a continuumfrommutualism to parasitism. 2005), and intraspecificgenetic variation
(Agrawal2003, 2004).
AdaptedfromJohnsonet al. (1997).
Advances in this area are currently lim
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of one another and aremanifested in a consistent fashion * how biotic and abiotic contexts shape the strength of
species interactions;
across scales and contexts; (2) that the traitsof interacting
*
the degree towhich the distribution and abundance of
that
and
and
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entities are uniform
unchanging;
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a
given species are influenced by interspecific interac
to
ecological
interactions,
backs inherent
tions
ignored
without
corruption
(with the exception of predator-prey interac
to
communities,
may
be
viduals
tions);
of our understanding of complex interactions.Today, the
number of ecologists thinkingwithin this framework is in * how biotic and/or abiotic factors interact and vary in
magnitude over time or space; and
decline, but we have not yet relaxed these simplifying
assumptionsand embraced the resultingcomplexities inour * how variation in the abundance of particular species
influences variation in the abundance of the species
theoretical,conceptual, and empiricalmodels.
with which they interact.
Below, we focus on advancing three major themes in
population and community ecology: the strength and
Modem population and community ecology ispoised to
modification of species interactions acrossmultiple scales,
the importanceof feedbackswithin and across ecological move beyond lists of community-structuring factors to a
scales, and pattern and process of species coexistence. Like predictive frameworkforwhere, when, and how multiple
Thompson et al. (2001), we value the roleof historical and factorsmay work, both individually and in combination,
to structurecommunities. Substantial progressnow comes
evolutionary perspectives for addressing ecological ques
tions.However, we depart from their recommendations in from asking not only whether particular factors have
detectableeffects on community structure,but also quanti
importantways. Theory development in community ecol
ogy has been so rapid in the past decade that empirical fying the magnitude of effects to ascertain their relative
data, including tests of theory, are sorely needed. A focus importance.Furthermore,we now recognize that both the
on organismal traits, shaped by environmental variation strength and outcome of interactions can change as a
(plasticity), natural selection, and phylogenetic history, is function of biotic and abiotic context. For example,many
studieshave demonstrated a substantial influence of land
a timely and key avenue of research. In the area of indi
scape or local conditions on species abundance and the
vidual and community feedbacks,we argue that both the
oretical and empirical advances are needed, as these outcomes of species interactions (eg Hebblewhite et al.
2005). Mycorrhizal fungi interact mutualistically with
processes may generate unanticipated outcomes.
Although most of our recommendations for research lie in their host plants under nutrient- or moisture-poor condi
tions, but become parasitic in nutrient- and moisture
the realm of fundamental population and community
ecology, we also consider important issues relating to replete environments (Johnson et al. 1997; Figure 1).
Variation in experimental outcomes due to non-additive
emerging aspects of global change (WebPanel 2).
dynamics of interactors(ie emergent properties) has led to
disagreementwhen investigatorsworking in parallel sys
* Community context and the strength of species
tems reachdifferent conclusions on the nature of interspe
interactions
cific interactions. Understanding how these different
Organisms contend with abiotic stresses, compete for results can be reconciled to elucidate general ecological
resources,eat each other, and engage inmutually beneficial principles is key.Our view is that understanding context
relationships.Historically, the principal approach in com
dependency iscritical for such reconciliation. For example,
www.fronfiersinecology.org
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classic studies in certain intertidal communities showed
the primacy of local species interactions in determining
community composition and diversity (Connell 1961), but
similar studies in different geographic locations failed to
yield the same results (Gaines and Roughgarden 1985;
Figure 2). Further work showed that regional oceano
graphic conditions mediated this disparity: in regions
where currents limited larval supply, recruitmentpatterns
drove community composition, and species interactions
were of lesser importance. In contrast, when oceano
graphic conditions facilitated the returnof larvae to shore,
recruitmentwas high, resourcesbecame limiting, and the
importance of interspecific interactions increased
(Connolly and Roughgarden 1999). We need more work
that explicitly examines or manipulates environmental
attributes to determine how distinct components of envi
ronmental variation contribute to changing interaction
strengths across environmental gradients (eg Crain et al.
2004). Though not a new agenda,we still have remarkably
few studies that compare the relative importanceof multi
ple factorsand estimate non-additivity among factors.
Metrics forquantifying interactionstrength,or effect size,
are leading to important insights into the sourcesof varia
tion in community structure,although caremust be taken
in choosing the appropriatemetric for a particular effect
type (Berlowet al. 1999). Effect sizemetrics have been used
to compare and summarizeresultsof multiple studies that
eachmeasure the effect of a factor in a differentcommunity.
This meta-analytic approachhas been a great improvement
over the "vote counting" approachof past literaturereviews
and, importantly,has allowed ecologists to correlateamong
study variation in effect strength to non-experimental
covariates that differ among communities.
While meta-analysis can generate hypotheses about the
driversof variation in the strength and outcome of interac
tions,multi-factorial studies can experimentally test these
dynamicswithin communities. For instance, several recent
studieshave compared the individualand combined effects
of predation and competition on plant and animal perfor
mance (eg Hamback and Beckerman 2003). A related
approachhas been to study the influence of a single factor
along an environmental gradient (eg plant-plant facilita
tion along gradients of abiotic stress;Callaway et al. 2002;
Figure 3). With either approach, calculating effect sizes
within multi-factor experiments provides a common cur
rency to compare the strength of effects both within and
among experiments (Berlow et al. 1999).Moreover, multi
factorialapproachespermit rigorousand quantitative com
parison of the relativeeffects of several factors in a single
ecological context (site, community, environmental con
ditions). Finally, this approach allows us to determine
whether such factors act independently or non-additive
dynamics are associatedwith the combination of factors.
Work to date indicates that non-additive effects areproba

Figure 2. Interactionsamong species in themarine intertidal
zone have played an important role in the conceptual
developmentof ecology.This imageshows themid-intertidal
zone of Fleming Island in BarkleySound, BritishColumbia,
Canada. Shown are a numberof differentcolormorphsof sea
stars (Pisasterochraceus), mussels (Mytilus californianus),
and twobarnacles(Balanusglandula onmussels and the larger
Semibalanuscariosusattachedto therocks).
the individual factors,but also the emergent properties of
those factors in combination. Such interactive effects also
lead to non-linear dynamics, an area currentlyundergoing
important theoretical development. Yet to date, most
experimental manipulations employ only exclusion and
control treatments;understandinghow multiple non-addi
tive factors structure ecological communities requires
quantifying interaction strengths at multiple (ie three or
preferablymore) species densities concentratedwithin the
natural rangeof variation (Abrams2001).
In our view, a necessary step forward is amore explicit
consideration of mutualisms, and formal comparisons of
the relative importanceof mutualism and negative inter
actions (eg competition, predation, pathogens) in struc
turing ecological communities. Although mutualisms are
receiving

increasing

attention

in ecology,

the impacts of

such "positive interactions"on community structure and
function have not been well integratedwith general the
bly thenorm,not the exception.
As a result,accurately ory (but see Bruno et al. [2003]), and empirical tests and
characterizing
thenet strengthof bioticandabioticinflu furtherdevelopment of theory are needed.
enceswithinacommunity
requires
understanding
not only Although experimental approaches will always be
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organisms. For example, a remarkablylarge
portion (often > 50%) of the indirect effects
that occur between predators, prey, and
plants reflect the effects that predatorshave
on the behavior of prey (eg feeding rates,hid
ing behavior, emigration) rather than direct
reductions in prey density (Preisser et al.
2005). Predator-mediated effects on prey
behavior arean illustrationof amuch broader
process, in which responses of phenotypic
traitsto the environment change the context
of interactionsamong species, quantitatively
altering population dynamics, interaction
strengths,and community outcomes.
In sum, addressing classic questions about
the organization of communities and the
role of interspecific interactions has the
potential to lead researchers to a new level
of predictability in ecology. This goal
should be achievable throughwell-designed
experiments coupled with observational
work in various ecological contexts.

Figure 3. Using environmentalgradients to understandvariation in the
outcomesof interspecificinteractions:
plant-plant interactionsvarypredictably * Feedbacks across multiple ecological
along a gradient of environmentalharshness.Working in 11 study sites
scales
(asterisks),Callaway et al. (2002) demonstratedthat,at lowelevations,com
of plants (ie removalof plant The dynamic nature of most ecological
force incommunities
petitionis themain structuring
neighborscausedfocalplants to increasefloweringor fruiting),while facilitation processesmeans that feedback often occurs
supplantscompetitionin this role at higherelevations (ie removalof plant between factors that are typicallyconsidered
neighborsdiminishedfloweringand fruitinginfocalplants).
independent. Predator-prey population
cycles, perhaps the classic example of an eco
requiredto demonstratemechanisms underlyingecological
logical feedback, have received considerable theoretical
phenomena, observational studies complement and and empiricalattention. Likewise, the studyof coevolution,
expand on what can reasonablybe studied in an experi
the reciprocalevolutionary change that occurs in interact
mental context. Techniques such as structural equation
ingpopulations,has addressedfeedbacks in an evolutionary
modeling (eg path analysis) can generate testablehypothe
framework.In contrast, feedbacksbetween interacting indi
ses about such mechanisms. In addition, where mecha
viduals (in their behavior or phenotypes) and community
nisms are unknown, path analysis can reliablydeconstruct dynamicshave receivedcomparatively little attention.
net effects into component partswith ascribedmagnitudes.
Advances in this area are currently constrained by a
For example, path analyseshave been used to evaluate the limited understanding of:
relative importance of seed predators and pollinators on
plant fitness and floral characteristics (Cariveau et al. * how reciprocal interactions mediated by behavior or
2004). The use of path analysis in combinationwith exper
phenotypic plasticity shape community and population
imentalmanipulations can provide non-intuitive insights
dynamics, stability,and structure;
into the functional relationshipsbetween species interac
* the scale dependence of feedbacksbetween community
tions, environmental variation, and outcomes.
interactions and environmental
conditions;
Finally, a novel, trait-basedapproach provides ameans
* the mechanisms driving the relationship between
tomechanistically link the phenotypes of organisms to the
species diversitywithin communities and genetic diver
outcomes of interactions. Two perspectives are valuable
sitywithin populations; and
here. First, comparative approaches informed by phy
*when it is necessary to consider evolution within com
logeny offer a powerful tool for understanding the role of
munities.
particular traits in ecological interactions (eg Cavender
Bares et al. 2004a). Second, many species' traits are phe
Most organisms exhibit phenotypic plasticity, and it is
notypically plastic (ie expression of the trait isdependent almost certain that feedbacks of reciprocal, plastic
on the biotic and abiotic environment; Agrawal 2001).
responses are common among interacting species. For
Such plasticity may have strong impacts on community example, herbivore damage frequently induces defensive
interactions, independent of differences in the density of
responses in plants, which reduce the performance of sub
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sequent herbivores (Karban and
Baldwin 1997). In turn, consumption
of plant secondary compounds can
induce herbivore detoxification
enzymes that increase herbivore per
formance (Krieger et al. 1971).
Though typically studied as a one-way
interaction, reciprocity may often
result in escalating (or at least chang
ing) phenotypes. Similar feedbacks
Legend
are also likely to occur between posi
Elk locations
tively interacting species, such as ants
Coniferous forest
and aphids,or ants and lycaenidcater
Deciduous forest
pillars,which dynamically adjust their
forest
investment inmutualistic interactions
.Mixed
-water
(Axen and Pierce 1998; Yao and
Akimoto 2002). Phenotypic feedbacks
2 Emergentwetland
may be (1) a primarydeterminant of
Black spruce swamp
an organism'sphenotype innature; (2)
Power lines
an ecological signatureof coevolution;
Cedar swamp
D
and/or (3) a stabilizing factor that pre
Regenerating aspen
vents runaway exploitation (Agrawal
0
2001). A critical question that
remains unanswered is:what is the Figure 4; Reciprocalinteractions(ie ecologicalfeedbacks)are ubiquitousbut rarely
feedbackis likelyat thelandscapescaleamonghabitat
strength and ubiquity of these recipro studied.For example,a tri-trophic
cal effects?There iscurrentlyno theo selectionbywolves and elkand vegetationalproduction.Elk (blackdots) selectedareas
shownbywhite circles)andmore forage
retical frameworkaddressinghow reci with lowerpredationrisk(bywolves; territories
procal interactions that influence in theGreat Divide District of ChequamegonNational Forest,WI. Thus, habitat
andmay reciprocally
shapepredator
phenotypesmay affect coevolutionary selectionby elk resultsin theirspatialconcentration
andvegetationdynamics(Andersonet al. 2005)
dynamics or community structure.
Despite their absence from theory,
interactions (eg impacts of biodiversity on ecosystem
there isgrowing appreciation for the potential of recipro
cal effects to influence important community attributes. function) will be overshadowed by the reciprocal effects
(eg ecosystem properties drive biodiversity), at least at
Feedbacks between plants and soil microbes have been
coex
structure
in
and
scales. Theory and experiments are needed to
some
maintaining
community
implicated
istence of plant species (Klironomos 2002). A key frontier address these questions.
Understanding the feedbacks between community
of biodiversity research in community ecology is identify
ing the feedbacks among the environment, biodiversity, diversity and genetic diversity within species is also a
and species interactions.Separate researchprogramshave novel area of recent inquiry (Vellend and Geber 2005).
provided strong support for the unidirectional linkages Theoretical work predicted that species diversity within
among these three areas (ie productivity drives species communities and genetic diversity within populations
would positively covary.Biotically rich communities, for
diversity,diversity in turn affects productivity).More gen
erally,we know that the composition of a community can example,may exert conflicting selection on traitsof com
affect characteristics of the environment and that the ponent species and therebymaintain genetic diversity
environment can affect species interactions,but we have a (Straussand Irwin2004), and/orpromote stabilizing selec
poor understanding of themechanistic linkage, especially tion. In recent studiesmanipulating genetic diversity of
at largerlandscape scales (eg Pastor et al. 1998; Figure 4). plant species, but not species diversity, resulting species
Is one direction of the feedback loop stronger than the diversitywas highest in studyplotswith the greatest intra
other? Are these processes scale-dependent? Are there specific genetic diversity (Booth and Grime 2003).
Similarly, genetic diversity speeds the recoveryof eelgrass
"equilibrial"states?At what time scalesdo feedbacksoper
ate? Similarly, the trophic composition of a community communities after grazing by geese (Hughes and
can have strong impacts on prey diversity, and prey or Stachowicz 2004). Genetically diverse plant communities
resource diversity can, in turn, shape predator impacts. also support greater arthropod biodiversity, and this can
The feedback among diversity, consumer effects, and reciprocallyaffectplant fitness (Johnson et al. 2006). From
ecosystem level dynamics remains largely unexplored these and other studies, it appears that intraspecificvaria
tionwithin a speciesmay play an important role in shap
(Downing and Leibold 2002), but deserves greater atten
tion.We predict that many classically studied, one-way
ing community structureand diversity.
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Figure 5. Multiple factorsallow for thecoexist
ence of species.For example, threeaphidspecies
coexiston thesamehostplant,Asclepias syriaca
(andon thesameresourcefrom thatplant,phloem
sap): (a)Aphis asclepiadis,(b)A nerii, and (c)
Myzocallis asclepiadis.Each specieshas distinct
rates, interactions
with otherspecies
demographic
(onlyA asclepiadishasa mutualisticrelationship
with ants), and tendenciestodisperse,whichmay
contributeto theirabilitytocoexist.

vL.I

counterintuitively suggested that similar
species may coexist more easily than ones
with greater niche differences, and that a
multitude of external factors are each suffi
ciently powerful to generate coexistence
(Chesson 2000; Hubbell 2001; Chave
2004). One of themost useful distinctions is
between processes that promote equality inmean popula
tion fitness across species ("equalizing forces") versus
those that lead to positive population growth rateswhen
species are rare ("stabilizing forces"; Chesson 2000;
WebPanel 3).
Explicit empirical tests of the predictions and assump
tions of competing coexistence theorieswill be critical in
evaluating mechanisms underlying invasion, persistence
of rare species, and, generally, the maintenance and
determinants of diversity in communities. Three priori
ties follow closely from the theoretical issues outlined
above. First is the design of field studies that can be used
to test multiple coexistence mechanisms in the same
community and that enable a rankingor quantification of
their relative importance. Second is the need for the
careful treatment of spatial scale and dispersal dynamics
in investigations of the maintenance of coexisting
species.Many of the mechanisms thought to be impor
tant for the coexistence of species rely on spatial effects,
including aggregation due to limited dispersal abilities or
habitat heterogeneity (Ives and May 1985; Chesson
2000; Hubbell 2001); designing field studies that can esti
mate the processes driving these spatial effects presents a
major challenge. Third is the need for studies thatmea
sure dynamics or even community patterns over the
lengthy time scales most relevant to many coexistence
theories. For example, paleoecological analysis of small
mammal communities in North America demonstrates
greater temporal stability of community structure than
can be plausibly predicted based on a neutral model of
ecological drift (McGill et al. 2005). A related issue is re
conciling the time scales atwhich stable coexistence may
occur with the time scales of community assembly and
disassemblydue to climatic and geological change.
Phylogenetic approaches to community ecology show
particular promise because they have the potential to
integrate the evolutionary history of the regional species
pool with local analyses testing fornon-random processes
of community assembly (Webb et al. 2002; Figure 6).
-Mg

More generally,models that incorporatethe evolution of
one or more players in a foodweb often predict dramati
cally different outcomes frommodels that consider only
ecological interactions among specieswith fixed traits (eg
Loeuille and Loreau 2005). Feedbacksamong species inter
actions, genetic change, and community structureare an
importantreality for all communities.These dynamicsmay
occurmuch more rapidly than previously believed, in part
because of non-equilibrium conditions. Although defini
tive experiments that demonstrate the importanceof evo
lution forpopulation and community structuremay be lim
ited to laboratorymicrocosms (eg Yoshida et al. 2003), a
combination of field experiments,modeling, and compara
tivework could provide a strong testof these ideas.
* Mechanisms

of species coexistence

The related challenges of understanding species diversity
and coexistence lie at the heart of community ecology.At
issue iswhat determines the number of coexisting species
within a community andwhat, if anything, prevents com
petitive exclusion and thus allows those species to coexist.
Advances in this area are currently limited by a lackof:
* linkagesbetween theory on how multiple effects gener
ate coexistence and ways in which different mecha
nisms can be tested empirically;
* empirical data at appropriatespatial and temporalscales
to test theoretical predictions of species coexistence;
* phylogenetic data in studiesof coexistence; and
* evolutionary approaches to ecological mechanisms of
community assembly andmaintenance.
Recent and rapid advances in coexistence theory have
fundamentally changed the questions that must be
addressed in this area.Historically, the question has been
phrased in terms of the external factors or niche differ
ences among species thatmight be largeenough to allow
coexistence (Figure 5). Recent theoretical findings have
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Since Darwin, it has been argued that
Scrub
Sandhill
Hammock
individuals of closely related species
will be phenotypically and ecologi
cally similar and, as a result, will
compete more strongly. The co
occurrence of distant relatives may
thus provide evidence for the role of
competition and/or ecological differ
entiation in the assembly of commu
nities. Recent studies within rela
tively narrow clades suggest that
co-occurrence of distant species may
be prevalent (eg species of oaks;
Cavender-Bares et al. 2004a,b). In
a;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~G
contrast, studies of co-occurrence in
more divergent groups find the oppo
site. For example, a recent study of
California grasslands showed that
0
exotic species distantly related to
plants in the invaded community
were more invasive and ecologically
harmful than were exotics more Figure 6. Using knowledgeof evolutionaryhistorytounderstandcommunityassembly.
closely related to plants in the This figurepresentsa schematicof phylogeneticoverdispersion(phenomenonof co
invaded community (Strauss et al. occurringspeciesbeinglessrelatedtoeachother thanexpectedby chance) in three
major
2006). At largerphylogenetic scales, oak-dominated
communitiesinFlorida(adaptedfromCavender-Bareset al. 2004 a,b) .
related species appear to cluster by Oaks within each of themajor phylogeneticlineagesoccur in each community(with
habitat, reflecting shared environ
respectivephysiologicaltraitsapparentlymatched to each environment), indicating
mental tolerances (Webb et al. 2002). convergentevolution.The alternativepattern of co-occurringspeciesbeing closely
Studies are needed across a range of related(iephylogenetic
clustering)can begenerated
when theenvironmentfiltersspecies
ecological and phylogenetic scales to basedon traitssharedamongcloserelatives.
permit a broad, quantitative synthesis
of these contrasting patterns.Additionally, furtherexper more research across the board, but for a greater integra
imental studies are needed to formally test the prediction
tion of disciplines, individual studies, and researchdirec
that close relatives compete more intensely or share simi
tions to produce an emergent field of ecology.
lar susceptibility to pathogens and predators. Experi
We have highlighted the importanceof ecological con
mental community studies using assemblageswith more
text and individualphenotypes in shaping the outcome of
or lessclosely related specieswould be valuable to directly
interactions, and suggest that these factorsmay lie at the
test these ideas, although itwill be important and chal
heart of accurately predicting effects on communities.
lenging to experimentally separate phylogenetic and Trait-based approaches that focus on trait variation gen
functional diversity (WebPanel 4).
erated by phenotypic plasticity, genetic variation, and
evolutionary divergence among species show particular
promise, especially if linked to studies examining their
* Conclusions
role in propagating indirect effects through communities.
Filling the gaps in knowledge outlined here will requirea Finally, feedbacks, though long-recognized, require
diversity of approaches.This pursuit includes testing and greater integration into themainstream ecology of indi
enhancing the reality of existing theory, developing new vidual and community interactions.
theory,andworking out new and creativeways to combine
experimentalwork with observational studies or compara * Acknowledgements
tive analyses.Where possible, it will require increasingly
sophisticated experiments that shed light on the relative The workshop that prompted this paper was funded by
importanceof multiple and potentially interacting effects. NSF DEB-0544929 (Frontiers of Ecology). We thankA
Finally,quantitative experimental designs (in place of tra Tessier for facilitation and discussion and D Anderson, R
ditional qualitative pr~esence/absencestudies)may be par Callaway, JCavender-Bares, N Johnson, and JMorin for
ticularlyuseful, because this can reveal the influence of generously providing access to figures. Any opinions,
naturalvariation in abundance of particularspecies.While
conclusions or recommendations expressed in this paper
these conclusions may seem to imply simply that more
are those of the authors and do not necessarily reflect the
research isneeded, we argue that the time is right not for views of theNational Science Foundation.
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