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summarizes the vigorous and continuing development ol theoretical
evolutionary ecology, As his overview shows, evolutionary ccology has
traditionally been concerned with the traits of single species or pairs of
interacting species. The interaction belween community ecology and
evolutionary hiology is by comparison still in its infancy, but [ suspect
that we are poised on a threshold of exciting developments at this inter-
fuce, Several authors have addressed, from different perspectives, the
interplay of community ecology and evalution {e.g., see Eldredge 1995,
Brooks & McLennan 1991, Orians 1962, Collins 1986, Silvertown &
Antonovies 2001, Price 2003, Webb ef af. 2002, Levin 1999, and articles in
Agrawal 2003}, and I will not pretend Lo give a thorough overview of this
gianl issue, Instead, T start with some general rellections on the rela-
tionship between community ecology and evolution. T then give a quick
tour through high points in the history of this relationship, from the early
vesars of the twentieth century (o the present, using as a point of depar-
ture key documents that defined the discipline ol community ecology
and emphasizing the evolutionary perspectives taken by the authors, |
am not @ professional historian but rather have the vantage point of a
practitioner, who read and responded (o the publications 1 mention;
doubtless 1 have a distorled and limiled view both of the historical facts
and of their societal and intellectual drivers. The theme of the interplay
of ecology and evolution richly deserves the attention of professional
historians of science. In the last part of this chapter, | explain some key
guestions that seem to me to be particularly ripe for further develop-
ment at the community ecelogy-evolution interface. [ have chosen not
to dwell on explicit, formal mathematical theary but instead to reflect
on the conceptual grounding that underlies all such theory.

12.2 | BACKGROUND REFLECTIONS

Al hiologists know Dobzhansky's famous quip, "Nothing makes sense
in biology except in the light of evolution” (Dobzhansky 1973; see
Box 12-A). Presumably this includes the core guestions of commu-
nity ecology—such as elucidating the causal underpinnings of pat-
terns of species composition and richness of entire communities, Yet,
as Wehb and his colleagues (2002} note, the “integration of evolution-
ary biology and community ecology remains elusive”. Hamilton (1995)
likewise criticizes the discipline of community ecology for its “relative
neglect of .., the genetical and evolutionary change oceurring within
species” because “populations and species cannot be treated as
enlities resembling molecules any more than individuals can.” [ think it

12 | On the Integration of Community Ecology and Evolutionary Biology

is accurate to state that many (most?) community ecologisis do not
directly consider evolution in their work. This isnot damning eriticism,
far from it. Much valuable work can be carried out in community ecology
with little attention paid to evelution. An ecologist colleague of mine
once likened his role to that of an analyst of card games; his mission is
to interpret what happens when the cards are deall, not to explain E_H.E.m
the cards come from or how they acquired their face values, This is often
o reasonable stance. A typical example is a book on marine communi-
ties (Bertness, Gaines, & Hay 2001} that synthesizes major patterns and
processes in marine systems, A few chaprers deal with genetics and evo-
lution, but most do not, and they do not really need 1o do so to provide
substantial insights into these systems.

Box 12-A

What about turning Dobzhansky's quip on its head? What would
evolution be like without ecology? Would evolution make sense?
Do these questions even make sense? | do not know the answer,
but it is worth eonsidering this issue briefly. Certainly a great deal
of evolutionary biology can be (and is) carried out with scant or
no direct reference to ecology. In particular, phylogenetic recon-
struction using cladistic methods depends on the assumption
of ancestor-descendent relationships and the identification of
shared, derived characters using appropriale OUlgroup compar-
isons. Phylogenetic techniques do not in any obvious way depend
on understanding how organisms interact with the environment or
how species interact with one another.

However, | must wonder if the seemingly ecology-free phyloge-
netic mission simply takes for granted (viz. sweeps under the rug)
key ecological forces implicitly involved in the origin, mainte-
nance, and diversification of species and ultimately in the genera-
tion of phylogenies. For instance, would species even exist in the
absence of ecological forces? The cohesive forces that are bel ieved
to keep species persistent as evolutionary units (e.g., sexual repro-
duction, leading to reproductive isolation; gene [low; and stabiliz-
ing selection) are hard to understand in the absence of ecology, A
prime theory for the evolution of sex is that it reflects the antago-
nistic evolution of parasites and their hosts providing the right
kind of fluctuating selection to favour recombination (Seger &
Hamilton 1988), Without these interspecilic interactions, sex
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might not exist, in which case species would not be bounded by
reproductive isolation. In like manner, the evolution of dispersal
{permitting gene {low) often seems to reflect either local competi-
tion for scarce resources or spatiotemporal variability in the exter-
nal environment {see chapters in Clobert et al. 2001). Without these
ecological drivers, a researcher might see little dispersal. Many
forms of stabilizing selection (e.g., on body size) clearly involve
interactions between organisms and their environments. Organ-
isms do not inherit just their genes from their ancestors; they
also inherit their environments, which can lead to a commaonality
in the selective regime experienced within a lineage (Holt 1987,
Holt & Gaines 1992, Harvey & Pagel 1991, Odling-Smee, Laland, &

Feldman 2003). Without cohesive forces based in ecology, it is thus
not clear that a researcher would expect to see well-defined line-
ages—species—al all,

There thus may be a sense in which phylogenies of discrete
species only exist (or at least are discernible against the background
noise of mutational variation) because of the unfolding of
ancestor-descendent relationships in an ecological context provid-
ing cohesion to lineages. Moreover, much ol the history of life at the
grandest scale potentially rellects the imprint of interactions
between organisms and a variable physical environment (see
Rothschild & Lister 2003 for an excellent overview). Even in a con-
stant environment, biotic interactions within and among species
can generate a ceaseless evolutionary dynamic, Without such “Red
Queen” lorces, abstract theoretical models suggest that evolution
long ago would have ground to a halt {Stenseth & Maynard Smith
LHE4]).

A community is a collection of species found in a particular place and
time that can potentially interact (Morin 1999), Among the concerns
of community ecologists are to understand how interactions among
species within a community affect each species’ mean abundance and
pattern of fluctuations, to gauge how interactions do (or do not) influ-
ence which species co-occur in local communities (Tokeshi 1999, Holi
2001), and 1o ascertain how these local processes comhine with forces
al larger scales to determine patterns of species richness (Ricklefs &
Schluter 1993, Holt 1993, Rosenzweig 1995). Traditionally, community
ccology has been dominated by a concern with local mechanisms (e.g,,
keystone predation). Important developments in recent years have been
a4 broadening of the spatial and temporal scales of inguiry and a growing

12°] Onthe Integration of Community Ecology and Evelutinnary Biology

recognition that regional and historical processes may be essential
determinants of local community structure (Ricklefs 2004, Webb er al.
2002: see also later sections of this chapter). Ricklefs (2004) has argued
that this increasing scale requires integrating evolution into community
theory, because the timescale of ecological processes such as competi-
Hve exclusion becomes comparable to that of macroevolutionary
processes (speciation and diversification). Whether evolution should be
explicitly considered in an ecological investigation depends on ques-
tinns of timescale separation,

To address the timescale issue, it is useful to step back from all the
details and ask at the most basic level what we do as scientists. | think
much of what we do can be hoiled down inta two questions. First, for a
given system, what is an appropriate joint specification of the states of
that system, and the forces acting upon it, that deseribes how it changes
with time? Second, how does a scientist combine an understanding of
multiple systems (all analyzed in terms of a joint specification of states
and forces) to arrive at a more synthetic understanding ol them all?

Theoretical community ecology is largely devoted (o analyzing
systems of coupled differential or difference equations that depict how
communities change over time and across space. The state in this case
is typically a vector of species abundances, defined at a particular spatial
scale; the forces are the functional forms of the population growth equa-
tions, with parameters describing interspecific interactions such as
predator functional responses and intrinsic growth rates, that allow a sci-
entist to predict species abundances through time. But if species’ prop-
erties can change because of evolutionary forces, the parameters and
functional forms of the force equations can themselves change [see
Chapter 13 for examples) and so, in some situations, may be variables
over ecological timescales rather than fixed quantities. There are an
increasing number of examples of rapid evolution in traits related to
interspecific interactions across a range ol taxa in both natural (Reznick
& Ghalambor 2001) and laboratory (Mueller & Joshi 2000) settings. Most
species are very small (e.g, microbes, nematodes. or collembola) and
correspondingly have short generation lengths and large population
sizes. Evolutionary dynamics (including speciation) of these community
members may easily occur at timescales that are small, scaled against
the timescale of changes in abundance of the longest-lived community
members (e.g., trees or vertebrates). For instance, in studies of plant
campetition in terrestrial plant communities, the effect of long-lived
plant species on ane another may be mediated partly by how they influ-
ence hoth the ecological and the evolutionary dynamics of the soil
micreflora,
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,w_:th:c: or extinction in effect changes the state vector. A cansider- The seminal ecologist G.E, Hutchinson (1365] once wrote an elegant
ation of macroevolutionary dynamics is esseniial when considering book memorably titled The Ecological Theatre and the Evolwtionary
broad QWE_H.E.ME_E or biogeographical questions about species richness Play. This title (although not the author}) seems to me 1o miiss
or tommunity composition (e.g., what explains the latitudinal diversity ﬂ.q.",:u..:.,m fundamental dialectic that governs living systems. Namely,
gradient?). In comparative studies, il (he systems in question have been mﬁ ¢ basic evolutionary processes of adaptation and speciation largely
separated long enough, observed patterns will typically retlect hoth m_.._.. L : _“.. o means exclusively) reflect ecological forces, constraints,
ecological and evolutionary processes. - _”_ c:m.:..:.ﬂ_”._::mm_ﬂ Conversely, ecological processes are mediated by
The very definition of a community brings out an important dif- mnﬁ“ ,F.,%,__‘__m & mnm,m_m and interacting suites of species, whose behav-
ference in the frames of reference used in evolution and commu- v _:_ :ws._. _M___..Hn_m: and physiological traits have arisen as products
nity ecology, respectively, which one cauld refer (o as Eulerian versus :ﬂ _.q..,wa._.._mn“u.ué _:dn.,u..,_ﬁmm" moreover, even abiotic forces can reflect the
Lagrangian. In classical fluid mechanics, a Fulerian frame of reference Mﬂrli AE m.qs_:ﬂc:. It is as if the props and stage in the “eenlogical
takes as its hasic unit a bit of space le.g., volume) and tracks the fluid “:mwﬂd,_ are themselves constantly being constructed, destroyed, and
fluxes coupling this unit with other such units and the local interactions, moved E.EH:..._ as the “evolutionary play” unfolds. )
By contrast, in a Lagrangian frame of reference, the basic unit is a hit of It can be difficult to even define the “environment” of an organism
fluid, which is followed as it moves dCross space (Symon 1960, p, 313). inde H,EEE: of the arganism itself (Lewontin 1985, Brandon 19490). This
Neither frame of reference is the “correct” perspective, as both illumi- is Mﬁ_wn:_ma_u_ﬂ the case when the organism modifies its environment so
nate reality in usefully different ways. A community ecologist focused on EM [ it directly affects the selective regime it or its offspring experience
..._Eu::: ies in a particular spatially defined habirat, for instance, the inter- (e.g. mnicm:.w:_ engineering in Jones, Lawton, & Schachak 1994 or piche
actions among tit species in Wytham Woods, is 1 Eulerian. By contrast, piz_..‘m::..:.a__ in Odling-Smee, Laland, & Feldman 2003), One of the mos
an evolutionary biologist concerned with history, say, the phyviogenetic :Eu,a:m:_ conceptual developments in evolutionary theory in the last
relationships of those same tits or the degree to which their life histary hall-century has been the recognition that although in the short-run the
variables reflect selective pressures, would properly be concerned with .m_ﬁE.:.c_.E.E_.: selects adaptations, in the long run those adaptations
aspatiotempaorally bounded lineage of past populations of tits in what- shape and determine the selective environment, particularly when the
ever local environmeni they happened o inhabit: this evolutionary hinl- Ed.d_:_.E:._J,.u_.:r includes species that are themselves evolving (Mowak &
agiet tmplicitly. takes. a Lagrangian stance. Elsewhere (Holt & Gaines Sigmund 2004). Thus, the height of trees reflects as much campetition
392} 1 suggested that one way tolink these two approaches s to develop ,m_:nﬂm trees as selective influence of the physical environment on plant
i plylogenetic envelope for each species, In effect, for the individuals in form and _.h::nz.us (Falster & Westoby 2003). This dialectic between
each papulation in a local COMmMuUNity in a given tme step, the scientist organism and environment makes evolutionary dynamics more like the
identifies in the previous time step the environments (in both real space unfolding of the surprising twists and turns of a game than like elimb-
and abstract environmental space) inhabited by the parents of those ing the fixed peaks of a rigid adaptive landscape.
individuals. Recursively, going back in time, the scientist can in princi- This is clear when E:._m._.am_..:_m interactions among individuals, within
ple reconstruct the actual environments and spatial locations CXperi- and among species (see Chapter 13). But even the abiotic environment
enced hy the lineages that generated rthe loecal community (see Fig. | in can be strongly influenced by evolution. The recent literature suggests
Holt & Gaines 1992 for a graphical example). I the phylogenetic that feedbacks between c..mm.z_.mz.ﬁ and ecosystem processes can take
envelopes of two species overlap only in the current generation, and not surprising and even outrageous forms, For instance, many ecosystems
before, then it is obvious that coevolution between them s irrelevant to are «._c,n_:::mn by fire. Yet, wildfires depend on the availability of highly
their current interaction. If for a given species in each generation the flammable fuels. At first glance, it is hard to understand why sume plant
phvlogeneric envelope in prior gencrations was located elsewhere, the species generate highly flammable dead tissues, which make it more
local population may be demographically a sink population, which is likely a fire will kill :,_E?,__:::E produces such tissues, Schwilk and Kerr
likely to be maladapted to the [ocal abiotic and biotic environments (2002) demonstrate that if interactions and dispersal are localized, fHam-

[Holt & Gaines 1992, mability can evolve because parents that burn can leave open areas |0
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be monopolized by their offspring. As another example, consider the
i—1the weather, Hamillon and Lentan (1998
provocatively proposed that microbes and small phytoplankton "have
evolved to seed cloud formation to creale local dispersal vehicles for
themselves, winds and clouds” (the mechanism invalves the production
of dimethvlsulphide in localized clones of algae, which can potentially
influence both wind and cloud production and thereby facilitate dis-
persal of algal spores concentrated near the surface of water bodies).
This fascinating hypothesis is not yet proven, but it points out that
almost any feedback [oop, from organismal activity L0 eCOSYSIEM Process
hack to components of organismal fitness, could in principle have sub-
stantial evolutionary consequences. (For other examples, see Odling-
Smee, Laland, & Feldman 20005,

These ecosystem effects of evolution surely have many effects at the
community level (eg., flam mability can determine the intensity and
temporal pattern ol fire disturbance regimes, which can influence
species richness and composition}, but the knack-on effects of evolved
ecosystem feedbacks for community dynamics are mostly unexplored
(although see, e.g., Loreau 1998 and Mazancourt, Loreau, & Abbadie
1998). Among the many challenges we face as community ecologists,
understanding the coevolution of organisms and their environments
may be “the most central one in understanding natural communities
and ecosysiems” (Lewontin, quoted in Levin 1983).

quintessential abjotic facto

12.3 | A CAPSULE HISTORY OF THE
RELATIONSHIP BETWEEN EVOLUTION
AND COMMUNITY ECOLOGY

The disciplines of ecology and evolutionary biology have had inter-
their inception (although the relationship has
acquaintance rather than an intimate marriagel,
lutionist, and

twined histories since
often heen a nodding
Charles Darwin was as great an ecologist as he was an evo
tk is imbued with a keen awareness of the conerete envi-
processes. The very term struggle for
erplay of demogra-
lation growth (e.a.
g individuals and

his corpus of wo
ronmental context of evolutionary
eyistence is an ecological concept, involving the int
phy (births and deaths) and constraints on popu
resource limitation), arising {rom interactinns amon
between individuals and the external environment.

ark in the founding of community ecology was the mono-
written by Charles Elton {1927) when he was only
d in 2001 with useful commentaries by the Uni-

A seminal w
graph Animal Ecology,
27 years old (reprinie

12 On the Inteprati ] iy B
egration of Community Fcology and Evalutionary Biology

mwmﬁ#wz”___..ﬂwwmmc ~H.JMLM,.F__. Ihis _“chr introduced many core concepts that
m:nnnmmrw h H.. qHumﬁn:a. community ecology, such as food webs, the niche
s .w_m:_ ..M"”_ﬁ. _wm ___:e.HE..,E of community and ecosystem %_:::.:f.r_
o e x.m i uu.nz ;T_:r::mu: to population processes such as fluctig-
tu_u:mm:o, __H_z m:_n.n.. and ,m_mﬁmammr linking community ecology with
n._,é_t:c:m_uﬂ, mﬂ___h.u_::_w@. ,:.:m _u:_..:.” preceded the modern synthesis in
many Lu_.n.mn.u. - ] ..___ﬂm“:wm H” _,m_ sprinkled with comments about evolution,
il Ammmn_t:zm. S s .: uu.Enm and concerns. A founding father of
e 5._ e _"vn_m..w_.:::, m_ﬁw_:. of the interplay of ecology and
i examples, see Box [2-B). The first lines in tl ' |
{Preface, p. vii) are “Ecological methods mia v be m_ﬁn_cﬂ.u.u in _.:M.:_.ww_”u_w

adaptation” b i i
: I ﬁ_c:, Yet Elon immediately states that “structural and oth
adaptations [an ing . : _ e i
: I __._ ns fare| ... the final results of a number of processes in th
ves ol animals, s | B ;
S m::::m_“,: w:EEnn_ up over thousands or millions of vears
: al great intellectual inter ledae of
e interest and value )
o e g . i alue, a knowledpe of
fo :E_»_.n:.:s:.,._.,.x little light on the sort of problems EEE”, e
hsipis re h: field studies of living animals.” This assumption cT_:.,_...._
i : Wi : : b s al
phng ai timescales is still quite common in ccology, ag | :
dote about playing cards | i Yo i
3 dards noted previously (and indeed is the practice of
- - AR =

much theoretical i

: evolutionary ecoole
; ; v oeeolopy eve Tay, ¢ 50T i
S — gy even today, as described in

Box 12-B
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ings we certainly run a risk of making serious mistakes in a few
cases, because owing to the lag in the operation of natural selec-
tion animals are not by any means always perfectly adapted to their
surroundings. But the rule is useful in a general way" (p. 41), This
is an interesting passage because it suggests thata scientist should
view the habitat distributions of organisms as a reflection of adap-
tive responses to the environment, including behaviour. Elton's
thought here presages the study of habitat selection as a key force
by vertebrate community ecologists {e.g. Rosenzweig 1987, Morris
2003). The passage also shows that Elton is nol a Panglossian,
because he recognizes the potential for imperfect adaptaton,
particularly in changing environments, presaging current con-
cerns with ecological traps and other ecological expressions of mal-
adaplation.

In Chapter 5, Elton introduces the core concepts of a food web
and the ecological niche (as the role of a species in its communityl.
Fvolutionary considerations are rather oblique, but he hints that
the linkage pattern of food webs should reflect adaptive behav-
iural choices by consumers in that there is an “optimum size of
food which is the one usually eaten, and the [upper and lower prey
size] limits actually possible are not usually realized in practice”
(p- BU). Chapters & and 9 focus on determinants of population
abundance. Much of the description seems implicitly to involve
group selection [viz., the notion of an “optimum" density], but
there is a clear appreciation of how evolution in species’ traits can
influence population dynamics, as in the following passage (pp.
114-115): “the hahits and other characteristics of the species
_..are continually changing during the course of evolution, and
any such change is likely to cause a corresponding alteration in the
optimum density of numbers. For instance, if the cats on Tristan
da Cunha had possessed poison fangs like a cobra they might have
been able to maintain themselves with a small population.” (The
cats were introduced to eliminate rats, but the latter fought back
and were sufficiently abundant to overwhelm the cats—an
instance of what we now call intraguild predation: see olt 1997).

The only chapter in the text squarely concerned with evolution
is Chapter 12, Despite the preceding passages, it1s clear that Elton
felt that ecology existed as a discipline largely apart from evolu-
tionary biology. “It may at first sight seem out of place Lo devote
pne chapter [Chapter 12| of a book on ecology to evolution.”

Although I find the thinking in this chapter rather unclear, it ends
| with two provocative assertions about the potential importance of |
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ecology for evolutionary biology: “Ecological studies u pon animal
H._:w::_mq.r.. from a dynamic standpoint are a necessary basis for mE..__.
_ﬁ..:_on theories|, and an| important result of the ﬁ._n.:.q:.:n tHuctua-
tions which oceur in the numbers of animals is that the nature .U:hn
nmma.nm n._b__q.m.mﬂc_.ﬁq of natural selection are periodic and n,_,.:._me:,__
M““M__Muwmh__..nmn are important insights that are still being mn:.am?

.mn_m::m; must be careful notl to over-interpret texts from the past
viewed through the lenses of today; nonetheless, in rereadin .._u__““ i
| muu,: struck with how, despite his initial dismissal of E..».;..E.c:mx ,E”.H”H..
mn_czm concern E”_.E using insights from evalution pervades his _,E: {see
.m.E_, 12-13), He points ol the importance of considering traits of orpan-
1sms as adaplations to their environments and how these ada :,._m.t
have ecological consequences, ranging from the _..,_cS_.::,:_h_:_u;H :_,__. _mczw
web m_.ﬂ_nn:qm, toinfluencing average n.__...::ﬁ_mznm_ to underpinnin o
terns ,c_ dispersal. His notion of optimal population ,ﬁ.k.. re E%m mqm:-
,.,_.W.En:c: operate on levels of organization greater than H.:. at M*. th % aﬁ
_,,_a:m_.n:mmﬁ:_.mzu {for recent thoughts along these i.::sﬂﬁ,ﬁ.i ::Mr,,:._. ,T
em, Eu_f.\_: 1497). He notes that differences among mﬂmﬂ.ﬁ, nﬁ.nm_....ﬁ.,.”“ﬁ,”ﬁ_un_.
_E_”c:n::mnm may not translate into differences in how those s _nn_.up,; :
regulated in their distribution and abundance, a ey m_mm::wﬂ.:wz n__..w e
temporary neutral models of community organization (Hubbel] - o,
Bell 2001). ; bz

A later important texthook by Robert Whittaker (TE75) In many ways
_u...._:.,ﬁm the evolutionary stance taken 50 vedrs earlier by Elton ,”ﬂ.w b E.M
_m_,m_#_:w_ma .Er: interesting thoughts about the adaptive .::Hwn“::.:_:,.ﬁ._ﬂm
HH_ ..M_,‘HHW__._::W.. and n..ma.n._ﬁ_ﬁi.: patterns and about how “diversity __um.,ml_m
Gvar) :__P,q m_s:m timescales. Much of Whittaker's thinking strikes me
as m__._Sh mxmu__.n_aw or implicitly group-selectionist (e.g., aspects of mn__._._-
H”M_:: Y nw,ﬂmm:_ﬁ:_c: are viewed as super-organisoal mam::.:m:za_...::_

n:mHﬂM h“ﬁmﬂ_ﬂﬂﬁa ._:m. _“,Em__:u_. importance of rapid evolutionary
SRt less, a concern with the evolutionary dimension of
gy is clear.

Da_.”w nc;ﬂ:.:m. to Elton and Whittaker, in perusing the text by Fugene
,..H::M““m:,h,_”w_wn_:_w _”:M._:w years the nw.:c:mnm_ texthook of mnomcm_} it is
v _:ﬂ i J_ ,,“.,_:n.:. mi::.:c: is decoupled from ecology. |
e E.E. o ,., ,m:mm_cr.ﬁ of evolutionary perspectives arose because
. ,_.. “..“5“ :.__ .nnE,QmﬁE.: ecology he helped found empha-
o m:nqﬂ,ﬂﬂ :..MM hm_w o m__E_cmrﬁ_ systemns {e.g., aggresate variables

S and nutrient stocks). Odum defined ecology as “the
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totality or pattern of relations between organisms and their environ-
ment” (p. 31 and stated "ecology is concerned fargely with system levels
beyond that of the organism” (p. 4), Because most adaptations are of
organisms struggling with their environments, this holistic stance auto-
matically leads to a diminished concern with evolutionary processes,

[t would not be fair to state that Odum's text ignores evolution, Odum
writes that "organisms are not just slaves to the physical environment;
they adapt themselves and maodify the physical environment so as to
reduce the limiting effects of temperature [ete.], Such .. compensation
is particularly effective at the community level . . . but also oceurs within
the species. Species with wide geographical ranges almost always
develop locally adapted populations . . . [with| optima and limits of tal-
erances adjusted to local conditions” [p. 1089). The chapter on the indi-
vidual level of organizaton considers evolution, but compared with the
authoritative feel of most of the text, the material here is somewhat dis-
jointed and perfunctory (my feeling is that this material was included
more out of a sense of obligation to the student to be comprehensive
rather than out of a heartelt beliet that these themes were essential to
the conceptual foundations of ecology). Overall, [ think it is fair to say
that the role of evolution in the conceptual framework of ecology pro-
vided in Odum's text is rather muted.

The main evolutionary chapter in Odum's text (Chapter 91, (itled
"Development and Evalution of the Ecosvstem”, locuses mostly on suc-
cession, Odum savs “the 'strategy’ of succession as a shorl-tenm process
is basically the same as the ‘strategy’ ol long-term evolutionry devel-
opment of the biosphere, namely, increased control of, or homeoseasis
with, the physical environment,” He briefly describes how selection
pressures shifl during succession (from - 1o £-selection). A considera-
tion of evolution comes up explicitly in a treatment ol biosphere changes
over geological timescales (pp. 270-273), echoing Ellon's sense thal evo-
lution mainly deals with processes over vast geological epochs, Odum
concludes by noting that ecologists are intrigued by the possibility of
natural selection at higher levels of organization than those of conven-
tional neo-Darwinism (he mentions coevolution and group selection),
The nation that there can be "adaptations” at these higher levels has for
some decades been anathema to many biologists (following the critique
af Williams 1966), However, the degree to which leatures ol these higher
levels of organization can be viewed as adaptive is still & matter of active

debate (e.g, see Agrawal 2003; Leigh & Vermeij 2002; Leibold & Norberg,

in press; and Leibold, Holt, & Holyoak, in press)
Much of ccosystem and community ecology over the last 50 years
developed in Odum's footsteps without explicit linkage to evolutionary

12 o cErELE & i :
[ Onthe Integration ol Lammuicy Ecology and Evilutionary: Binlo
3 2 a0} HY

biology. Alle . 74 2), fi
ok ,m_”._._a___m__ and Hoekstra (1992), for instance, remark that althougl
5V5 r_H; depend on evolved entities . . . evolution is only renn r_u
connected to ecosysiems,” . \ e
L .ﬂ.uwﬂvqm:ﬂz.i. Ina 500-plus page monograph _.n.ﬂ._;ﬂ:m:&
; i mpelton (a central theme Ity
4 ! : © A community ecology),
_.us.mw.q E,,MHH,E: touches on ly glancingly an evolutionary :_Edmmmww_,
p._.ﬁ_::...u O a paper of mine (Holt 1994) once argued that .r:cs,riwm of
. N Bave na greater insight j :
mio community ag ;
i o : . . Voand ecosystem
wﬁ: > s :r._: z.EEaE_ by just knowing the set of species _:.nﬂ:w anl
o fmuwam_m%_:n ind ecosystem Parameters. In his fine ELL_E_,.:H !
ext, Mori rosli . .
Em:ﬂxm_c_gm_.r. EHW: (1999} anly slightly refers to evolutionary _.mﬂ,.mnw
s H,_.E:E_m *m. m.,:,.mz ent undergraduate textbooks ha rdly consider ?.i..
o m_.:,_.m: %.ﬂ_”ﬂ_# wJ:Hn_L. Mcl.c,m,_ those by Ricklefs and Iy w._.h_:xi in 35
: scological Society carried out - i s
. ] : i s tsurvey of itg ;
bt : v i ¥ 5 members to
Emmﬂ - h__mﬁ ol _w”_r 50 mast imporiant concepts in ecology (Cherrert
; 1ese a0, 7 have an evolution: ife. histor
, . an e onary flavour (#9, life his
(lless Hiesat . ! 3 ¢, lile hist
mmmnnﬂm_mw. Mm__m ccological adaptation; 424, coevolution; #33, r Sucm.__,
long #34, plant-animal coevalye I foragin, |
olutipn; #37 ims .
i Aatan : 70, oplimal foraging: and
Ll _,En_.qu..aE less than a third of the respondents chose ._M,nam_ rical
n:..__nw, n"as a key ecological concept. Phylogenetics speciation rm ,ﬁ__
I concepts related 10 macroe jon : Dsening .
acroevolution and macroe
e P 8 .1 z acroecology are n
i ﬁ_cﬁn:ﬂs“.u in the list, It would be an interesting nﬁ.u.n_.mnmu_c_ftm:”
SUrvey today to see if this 1. i | . e
VLo see ick of ¢ i ic i
oy ack of connection with evolution is stj]]
Ricklefs (2004) has provi i
ns:_ﬁ_czz_“ n___u has _:_:,_.Eqm_ d Crisp overview of the development of
e H_.n.....z amua._ emphasizing the development of 3 worldview in
e .H_.un.m .ﬂ.::; processes and competitive exclusion in local compmuy-
m.ﬂ_.._,__u.:mm: _n..,.__.:__,:mm_ patterns of species diversity. A central E,..__,m.q in the
- ol ; ’
s G__.E:m”“ n_u_w _Eg.w ol ideas was Hutchinson (e.g., see Iﬁ.:nE:S:.
o ;.:_n_ _._mn_._mﬂ_.n_. _mm.__._ .:._mmm .z_“:.:: constraints on communiry En_.zmﬂr
o Ea“ww, These :._nmz stimulated work on topics such as lim-
e w, H,En community assembly in the 19705 and _mm:ﬂ, Th
ﬁ_a:ﬂm,:::,”r ed by Hazen in 4 volume of readings (Hazen La7m _ﬁ_u_ ﬁ:n
| 4 ﬂ : ... - 4 .. o ™
gt :._M“ encapsulated the core coneerns of community ecalogy
i .___, E.EEn ﬁmtmﬁn.._._ 4 consideration of evolution and mm:m:n.v. E
e _.mw:m % o .ﬂnﬂ.:ﬂ: is the paper by Harper (1967); although .Ew
iy m__._m____ on single-species demography, he notes the potential for
B s .m I competition to facilitate the coexistence of com weting
) P_..ﬂ ; m_m suggested by Pimente| of al 1965). Reference 1o m.un __ ti :
dlso made in papers i M | e
e M in wu,;u:.,., by Hairston, $mith, & Slobodkin (1960) m.._ﬂ_m_ .z..n:
iy m,mr rmﬁ““_,_ﬁ with trophic Jevel regulation; for instance Hairston
+ & alobodkin note that the absence of obvi ocharkiims
ot e ! h sence ot obvious evolved mechanisms
lerence tompetition among many herbivores argues for thej
"
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limitation by factors other than food availability (e.g.. ﬂ_EL.,:.E,zr E_E.EE._
Ehrlich and Birch (1967) counter that herbivores could be _::__E._._,#. food
because many plants are well adapted to escape herbivore effects. {1t
should be noted that evolutionary ecologists now recognize that there can
be a decoupling of the importance ofa given _,h.:..&.cw.: nental _m.m,__.n_.r. as il TE-
iting factor in population dynamics and as a selective factorin ...,E_H.:.:as-
arly in trophic interactions; see Abrams 1986 and

ary dynamics, particul ms 196
it alia” article by

Holt, Hochberg, & Barfield 1999). The famous “Santa zE,ﬂ
Hutchinson {1959} on the regulation of diversity explicitly invokes natural

selection leading to divergence as a determinant of species coexistence

[ L46], .
Hazen's collection also included several influential papers by a student

of Hutchinson, Robert MacArthur, who throughout __m.m cireer .:.Ec_ﬁ:-
rated explicit evolutionary thinking into his ecological theories ?mw
Box 12-C). Elsewhere (Holt 2003) 1 have putlined how ?,_.”__D_._a:::m
yerspectives on the dynamics of species’ ranges .:._n_.cnm.z _Eﬁc:m.E
evolutionary issues, such as the evolution of specialization and dis-
persal, that are still the focus of active research. The famous :Em&m..mﬁ:
The Theary of Island Biogeography [MacArthur & ﬂ_,:m__..,: _.mm:_ has a
¢ devoted to evolutionary changes [ollowing colonization, includ-
microevolutionary shifts in traits and increases in species rich-
wever, it is fair to say that MacArthur tended

I

chaple
ing both
ness during speciation. Howe a
to underemphasize both the role of history in determining present-day

i sptial [or rapid evolul curring at
patterns in ecology and the potential [or rapid evolulion occ s

timescales commensurate with ecological dynamics.

Box 12-C

A central figure in the field of conununity eoology was ?.5.5.:;:.__._
who in contrast to Odum embedded evolutionary perspectives inta
his thinking. Even in his 1958 graduate thesis (which appeared in
the Hazen (1970) collection), he used an argument based on
natural selection on foraging behaviour to discount one possible
mode of niche differentiation among closely related species. In
his fnal book-length testament, Geographical Ecology :mﬂ.mu_
MacArthur proposed that biogeographical patterns ::p._..ﬁﬁﬂ
those in cammunity structure) reflected four essential :..E.E.:mﬁm”
the structure of the environment, the morphology ol the species,
the economics of species behaviour, and the dynamics ot nct:_m..
change. The term sconontics indicates the importance ol

| tion
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natural selection and adaptation. He was writing this book the lasi
years of his life, by which point I had come to know him,
His thinking, as expressed in conversation and class, moved
readily between ecological and evolulionary perspectives. 1 still
recall the first essay question given in his hiogeography class the
E__.c_. my sophomore vear (which I took despite :m_.zm. a physics
major because 1 was [and still im) a keen hirder, and EE.E_H_::
wias the closest thing to an ornithologist on the faculty a1 Prince-
ton University). We were to choose one of the E_._s_s,.:ﬁ two
thought experiments; what would life be like on the Earth il the day
lasted 48 hours, rather than 247 or, what would life he like on the
_..lwmﬂ__._ ifit took 10 times as long to rotate around the sun? {This is
from memory, so these numbers may be approximate.) E:E,_E
m,xtmimn_ were essays outlining how biomes would shift, 1ife histo-
ries would be altered, and so on, if evolution plaved out an these
“new worlds"; in effect, we were expected to wark t rough the ideas
in Chapter 1 of Geographical Leedogy, "Climates on a Rotating
Earth,” with these new conditions and think through the biologi-
cal consequences. For me, as I recall I picked the second one, which
Wis a piece of cake, | was an amateur astronomer, so | knew
THE.._E..m laws, which describe how there is a mathematical rela-
tionship between how long it takes a planet to go around the sun
and how far the planet is from the sun. A short calculation ._“_x:u.,,.,m
that with the longer year, the earth would be far enough away from
the sun that water would doubtless be frozen all year. Voila, no life
End of essay. A very shart DSV, . .
This was not the answer MacArthur was expecting, so he had me
m.?ﬁ by his office, where we had the first of several long conversa-
tions about ecology, evolution, and science and life in general, He
n:.“_m.u up becoming my undergraduate advisor at Princeton .5 a
m.ﬁmna_ programme and invited me to tag along on his las lengthy
mﬂm:_ trip with other faculty and graduate students (a spring month
in the splendid landscapes of southeastern Arizona). This T.m_... a
Ea:.a..i..:_ experience. | recall conversations around the E_:::._,:m
moving seamlessly between ecological questions (e, ﬁ_n._m.:_:.._
narnts .o_, altitudingl range limits in these deser maountaing] and
evolutionary questions (e.g.. implications of temporal variation in
the desert for life history evolution). I had the good fortune of being
clueless about how famous he and various of these other laculty
(e.g., John Terborgh and Jared Diamond) were, and in any case |
had no idea that [ would ever be making a living as an nn:__:ﬁ.ﬂ,, fc
I was not abashed about entering into this talk. 1 will always be
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nerosity s y me by Dr
grateful for the kindness and generosity w___n__..,:.__:m . :“:s : _
MacArthur and these other ecologists, who perturbed m a2
appreciate throughout iy researc
i ed me to appreciate t :
new career path and | Pl g1l : g ear
and teaching career the desirability of viewing ecological systc

through evolutionary lenses. \_

e Rl ‘s death?

What has happened in the 30-plus years since nacArihur's .;.._Erm

e 5 1 = K Tés e

There have certainly been several attempls _._Ea.m ik lume
. syglution. For instance, @ vo

between community ecology and evol ht together the thinking of

commemorating MacArthur's brief life brought Srn_ S At

- z A i ] 1975), Several con-

¥ x i : _”H_.m-._.ﬁ_.m _”nl.c.uﬂ._.____ Mh _.lu._.m.n_._a._._.au_.dn. i
Macarthurs students and ! - o sample,
rributors dealt with explicitly evolutionary thermes, Levins, lor e L:., mS

Y % r - Al A re P X
dealt with the effect of selection on population ﬂEﬂ_.:rf..r.mﬂzn:::..ﬁx
[8 G - " ) S .

e o wlances of interacting specie :
hility and population abur ) . S
E:M:E:EE and Rosenzweig developed the :_:_:nm.:c_._w .c_ .”_: m:w

' e " e
species diversity as emerging from the interplay ol _,.”_ErE:.__Hn.Em_
5[ ._.,.:n_: :,Em. mediated through the effect of n_._:,.._,r.E._w n_.: _;_ﬁ T
: A fater volume edited by Diamond and Case (1986) piaad ;
ecology, and again several authors explicitly

extin
range sizes, !

a survey of community . ALY : L
focused on evolutionary themes. Grant, lor instance, dealt witht

ion i ating envir enits; nther
lay of selection and competition in Muctuating _r:_.:__.“:ﬂui_,._“m T
m_c:ﬁ:m comsidered topics such as sexual selection _.,PM J..Mm _m_ H .:_n_
. o ; . it Tilman and Codyl,
ive s 25 in plant competition (Tilman dy
adaptive syndromes in | - cor B ey
ive i ications of indirect effects m n '
the adaptive implicatio . : . S
.::::r.x_m (Wilson). The publication of a text by “J__,::m:mm?_.“._: ( _:xu_,.
. o 'y " . = i 1 eco v
considering in detail topics at the interface of _ﬁc_::mﬁ.. F__:__ C oo
ie . character displacement, niche evolution, anl ;m:w:u,r” n_ﬂ.“.:" ._FE
.r_m_un:c_: seemed to beckon the final fusion of ecology anc Eﬁ:.n !
S v =1 i ; : . i
by making the needed formalism accessible to graduate mE...w i
. i i STalcl EVET T
:...dmm 2000 updates much of this material). An E:_._,._n_.. s_.._w_rﬂ”ri_ qm:n
§ i insoni rafe Marke :
: : in the Hutchinsonian line
-pnclude that these books in ; : | e
; tellectual fusion of ecology and evolution more broadly througt
intellec

the discipline,

12.4 | WHAT DERAILED THE FUSION OF
EVOLUTION AND COMMUNITY ECOLOGY?

i ] : 2002, this
But as noted in the previously cited quote .._..w:._ __ﬂ,_.ﬂ..,.j_.w et :M.:_u_ s
fusion did not happen. In 2000 there was a joint meeting ot e
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Ecological Society and the Ecological society of America, The sympao-
sium volume produced from this meeti ng deals with evolution, but with
the exception of brief comments by Richard Lenski (2001), the evolu-
tionary issues considered are almost entirely at the level of individual
properties (e.g,, life history trairs).

It is useful o reflect brieflv an why the seeming inevitability of a
broader unification of communi y ecology and evolution may have been
derailed by issues both within and outside ecalogy. On the evolutionary
side, I feel that this largely had to da with several broad intellectual and
sociological currents,

First, there were numerous attacks on adaptationism, stimulated
(irritated?] by the emergence of sociubiology in the mid-1970s (the
history of criliques of adaptationist thinking is crisply summarized in
Rose & Lauder 1996), If evolutionists were squabbling among themselves
about whether they could even identily adaptations at the level of indi-
vidual species without enormous effort {despite stout defences, partic-
ularly by behavioural ecologists, such as in Reeve & Sherman 1993 and
Mitchell & Valone 1990), outsiders such as com munity ecologists would
likely have been disinclined to view their systems in a way that high-
lighted the importance of adaptive mechanisms and processes,

Second, there was a reinvigoration of the field of systematics. Part of
this involved a vigorous attack on the praclice of evolutionary taxonomy,
which, roughly speaking, combined historical informartion abiol
ancestor-descendent relationships with notions aboul adaptive zones
and niches to characterize higher taxa (Wiley 1981). This debate was
decisively settled in favour of cladistic approaches, which in practice
deliberately and necessa rily dealt with organismal characters stripped af
their environmental context and adaptive significance. Again, however,
this meant thal an important group of evolutionary biologists (those
focused on reconstructing the history of life) o an ecnlogist seemed
largely focused on characters that did not directly pertain to the sirug-
gle for existence,

Third, the explosion of molecular genetic techniques and information
led to an inexarable pull of young evolutionists towards the use of molec-
ular data and mathematical models for analyses of molecular variation,
evolution, and phylogenetic reconstruction, issues on the whaole well
removed from phenotypic evolution and the broader ecological context
ol life. In the 19505 and 1960s, the feld of ecological genetics focused
on conspicuous polymorphisms, which could easily be related 1o pat-
terns of selection from environmental causes (e.g., see Pord 1975).
However, starting with protein electrophoresis in the late 1960s and con-
tinuing with the development of deoxyribonucleic acid techniques, a
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staggering amount of genetic variation was revealed, so much so that it

s difficult to imagine classical balancing selection arising from the
environment as the primary cause (Lewontin 1974). The neutral theory
al molecular evelution (Kimura 1983} proposed that patterns of genetic
variation could be explained by the interplay of mutation, gene flow, and
dlrift, with a minor role Tor selection. This proposal evoked a great con-
troversy (e.z., sce Gillespie 1991) and involved many issues far removed
from aspects of the phenotype of interest to ecologists.

On the ecological side, T think several factors influenced the relative
neglect of evolutionary perspectives in the last three decades of the
twentieth century, The part of community ecology that shades into
ecosystem ecology was largely dominated by the nonevolutionary stance
represented by Odum’s text. Beyand this, many of the associates of
MacArthur who championed the evolutionary dimension of ecology also
emphasized a single ecological interaction—competition—and more-
over often assumed that the world could be viewed as at or near equi-
librivm. Part of the internal intellectual dynamic of community ecology
in this period was an increasing appreciation of the importance of alter-
native interactions (e.g., predation and mutualism) and of the crucial
importance of disturbance and temporal variability. There was also a
sharpened concern with the need for experimental manipulations to test
ecological hypotheses concurrent with a general scepticism about infer-
ring process from pattern {(Strong ef al. 1984), leading to an increasing
(and at times myopic) focus on examining processes at local scales. |
wonder if with the proliferation of local mechanisms being considered,
and with the emphasis on experimental tests of theory, there was not an
incidental submerging of a nascent evolutionary dimension in commu-
nity theory essentially because of the sociology of science: those ecolo-
gists who tended to be thinking aboul the evalutionary dimension of
their systems {in the Elton-Hutchinson-MacArthur lineage) were being
sharply criticized for ather reasons (e.g., because they were proponents
of competition, equilibrial reasoning, etc.), leading to a kind of submer-
aence of evolutionary themes, which were caught in the cross fire of
these academic disputes.

lte that as it may, [ find it intriguing that the potential avenues sug-
gested by Lewontin (1974} to explain the paradox of variation in popu-,
lation genetics all have strong parallels in the intellectual history of
community ecology over the last several decades. He suggested three
basic changes needed in evolutionary theory: an explicit locus with the
concrete history of populations, a concern with non-equilibrial dynam-
ics, and a focus on linkage and interaction among loci. In like manner,
with the growth of phylogenetics, community ecologists have become
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much more aware of the importance of explicitly weaving history into
the study of community assembly (e.g., spp Wehb er al, 2002); distur-
bance and non-equilibrial dynamics are now considered the :H:.E
rather than the exception, in natural communities, and the _.um:nﬂ: um.
spatial associations of interacting species, interacting Eﬁ;‘_:.. m.::.ﬁ__.._f
persing in metacomnunities, is widely recognized as an essential P__.F.H.._.
of E.:H_:Ezw.{ dynamics (Holyoak ef al., in press, .
.: is fascinating that, comparable to the neutral theory of genetic varj-
ation, a .ﬂ::.r: theory has emerged in community ecology, :“ E:wnr .,:
HE.:“..“ E, local and regional species diversity are explained in :uﬂn._m,....m.
speciation, immigration, and extinction, in the absence of _.:.n:m. EWE.-
ences amang species—the newtral theory first proposed by Tal ﬁ,mﬂﬁ.u:
then greatly developed, in particular, by Steve Hubbell :.,_: EF.:‘ .,:E_,
see also Bell 2001). This body of ideas explicitly drew inspiration rm.E._._.
the neutral theory of molecular evolution, n m_x___::m: interpretation of
neutral  community theory, neither intraspecific  evolution  nor
Hnn_d?d_zz:: matter, because all species are assumed to be com e
itively eq :Em_m_:. regardless of their specific traits. If the :E:E._ :._Mﬁ.u_{
.:_.ecEz:,_:E, ecology proves to be even approximately true. (his makes
it more likely researchers would expect neulral E.i::::. cm._.a._.L:_.M..
”.m_um..t,,._w.m genetic variation (inasmuch as phenotypic differences amone
individuals in the same species are usually minor com péared E_...“: ﬁ_m:,e_m
ences among individuals of dilferent mmmnwnﬂ, The general utility of
neutral theories in community ecelogy is a topic of considerahle ulu_z_.n

(e.g., see Leibold er al. 2004 ; s e e TR ;
iy el al. 2004 and chapters in Holyoak, Leibold, & Falt, in

12.5 | POINTERS TO THE FUTURE

M._MHMJ::M_E a_.ﬁ_.m_:._:..:.x ._".:E.mE..q.m that SEEmS 10 emerge from the vast
: _u. ‘ erita ,.Ea c_”.,msz..,Es:m__ literature of communily ecology is that
: “Mm_ :Mh H.m._m:f.&:_ﬂ. few com _:E.E,:___.mm JIMONg commeunities, _,,_..G._.;;_ at
s a,n scales. As John Lawtan (2000, Pp. 56-57) notes, “the local rules
o Mwmmm.uu”m”wz_:”%:u the derails E:._ marny of the key drivers, appear to
: . System to system in virtually every published study in
.,__”.:::._J::_., ecology . .. we have no means of predicting which _UEE_L#;..
FE _u._u _.:#__._E.::: in which types of system. The Devil is in the __r,,.:x.._,E.,.
m“wﬁ:ﬁ EMHP ..,_“._._._:.__,_”..H ﬁ_a,m_m.w, place, time and species assemblage is suffi-

y dilferent to make general patterns and rules about Tocal

communily membership and ; . 5
find " | d population abundances impossible to
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One interpretation of Lawton's remark is that community ecology has
now devolved into a disorganized collection of special cases. My own
sense is more optimistic. Instead of general theories (in the sense of
familiar laws), we seem to have a trend towards developing structured
suites of theories tailored to particular situations. Community ecology is
in the position of chemistry in the nineteenth century, seeking a small
number of organizing principles that can lead to a kind of "periodic
table” of communities, There are several fruitful directions being devel-
oped. One promising direction is to draw on fundamental models of how
organisims work as metabolic machines, extracting resources from their
environments, and then to use metabolic principles to generate scaling
relationships (e.g., of life history variables versus body size} (Brown &
West, 2000; Allen, Brown, & Gillooly 2002). Understanding the adaptive
significance of key organismal metabolic traits (e.g,, uf resource acgui-
sition, stoichinmetry, retention, and allocation strategies), as governed
by constraints and played out in phylogenies, provides an nbvious hridge
between community and ecosystem ecology and evolutionary theory
iLoehle & Pechimann 1988, Holo 19594],

In my own work, I have championed the utility of what | call com-
munity modudes, which are small number of species (e.g,, 3 to 10 specics)
linked in a specified structure of interactions (Holt 1997} Familiar
modules include unbranched food chains, exploitative competition
among consumers sharing a single resource, and keystone predation on
competing prey. Sometimes, ecological systems closely resemble a par-
ticular module (e, agricultural pests with their natural enemies),
Species in multispecies communities often interact strongly with just a
few olher species. The operational hope is thal modules prrovide bite-
siree conceptual unils that permil a researcher to discern key aspects of
processes operating in full communities (e.g., indirect interactions or the
interplay of top-down and bottom-up forces). These are rather modest
goals (relative, say, to predicting diversity as a function of niche packing
rules). Which module pertains to a particular system depends on many
contingent details of that system (Holt & Lawton 1394).

Thus, instead of identifying universal laws {as in physics), maybe we
community ecologists will end up with clusters of laws, tailored for par-
ticular settings, and a metalaw that allows us to know which local Taws
apply to which situation. Several community ecologists have champi-
oned such pluralistapproaches to the development of community ( henry.
Schoener in particular, in the Case-Diamond volume noted pre-
viously, sketched a kind of periodic table of communities and pointed ot

that MacArthur had also been clearly aware of the likely importance of
pluralistic perspectives: “The future principles of the ecology of coexis-

L]
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tence will be of the form ‘for organisms of type A, in environments of
structure B, such and such relations will hold’ . . . With different Em:.__
conditions, different things will happen . . . Initial conditions and ::.”:
classilication in ecology will prove to have vastly more effecton :cﬁncujmm
than they do in physics.” (cited in Schoene 1985, p. AGE A concern E:.:
initial conditions entails an interest in history, and so _m._mu..u.. naturally to
an appreciation of the evolutionary dimension of community ecology,

A powertul set of tools provided by evolutionary biology that can .rq
used to craft the “periodic table” of ecological communities is the _,r..‘_.n slicit
use ol phylogenies (Webb er al. 2002). Phylogenetic _.nn_".:_i_.:_...ﬁ_:..:._ ﬂ:, its
very nature permils a community ecologist in principle (o E_E._:._.,,,.w_r:“.h
:EMEEEE traits shared by many species using their shared nc:_:.:.c:..
ary histories. This can lead o novel insights into community assembly
E._,g organization. For instance, Webb (20000 showed that in caﬂ.:m,:.ﬂ
rainforest there was a strong phylogenetic signal in the distribution ,n__.
trees across space, with related species more likely to co-occur in envi-
ronmental space than to be far apart. This in .m_..m:,Em_ accords wi :,,. the
mﬁ_...ﬂ_.:.m. .:.Ecannu_ appreciation that for mnnnm.mm ta _na__uy,_..,.., in comimu-
nities, 1t is not enough that they differ along same niche axis: they also
must be equalized in their responses (o the environment ::E:m._.i:.ﬁ
niche axes (Holt 2001, Chesson 2000, Chase & Leibiold 2003), 1f iumlm.m
are roughly equal, then even if competitive exclusion occu E, it H”_._mw,.ﬁ:._
S0 very slowly and on a timescale commensurate with d,.z.:d__:-mﬂmn_.ﬁ
n._ﬂ.n_EE.:E.@, dynamics and even with speciation (Hubbell 20017, A f.nz.n
EH:_E areain community ecology is linking the insights of neutral th _uE,”_‘_
H...E._H more classical niche-based approaches (McPeek & Gomulkiewics
in press). Phylogenetic perspectives are essential to this effort ._

In the past 20 yvears there has been a growing appreciation :_,. the need
to understand biodiversity dynamics at large spatial and E:E:.H.m_
scales, ranging from metapopulation and metacommunity 3.:#::.? al
r:.ﬁ.mnm_um and regional scales to macroevolutionary and mm_“mm:rwc:w i-
cal timescales (Ricklefs & Schluter 1993: Ricklels 2004; Rosenzweig EMJ
Brown 1995; Maurer 1999; MueKinney & Drake 1998; Polis, nuiw;. WJ.E...AM__
2004; _._.c__‘.n_mw. Leibold, & Holt, in press). Tokeshi (1999 for ,:._immnn
m.”m_._...,_ his monograph on species coexistence by emphasizing the evolu-
tionary drivers af species origination and differentiation. .

The field of community ecology is in flux. As the spatial and temporal
scales considered by community ecologists grow, there are many H.:” EHT
tant arenas in which theoretical and empirical community ecolo é_ﬁ,_.z
be enriched when more explicitly linked to evolutionary E._m:ﬁw.ﬁ.“_ and
theory. Moreover, many questions in evolutionary biology may .ah“,_c b
fully resolved when evolutionary analyses are linked with n..,.m_:d.._,::“
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perspectives. Carroll and her colleagues (2004) noted (hat "one of the
great genetic surprises of the molecular era is the formidable collection
of genes for which no obvious phenotypes have been identified” and go
on to suggest that the phenotypic effects of these genes on litness may
only be revealed in natural conditions in which individuals can interact
and experience ecological competition. A full understanding of the
factors governing the maintenance and expression of genctic variation
may thus require analysis of the community context within which
species have evolved.

12.5.1 | Evolution and Ecology at

Commensurate Timescales

The timescales of evolutionary change can often be commensurate with
those relevant to population and community dynarmics. Ignoring evolu-
tion can lead to a serious misunderstanding of the processes governing
the comniunity, even at local spatial and temporal scales. A key question
is thus: what is the role of ongoing evolutionary dynamics in population
and community dynamics over short ecological timescales? Theoretical
studies (e.g., Abrams 2000) suggest that permitting short-term parame-
ter evolution (caused by evolution by natural selection} can at times
gualitatively alter the nature of population dynamics and constraints on
species coexistence. This recent theory formalizes David Pimentels
notion of genetic feedback (Pimentel ef al, 1965, Pimentel 1968) as con-
tributing to pepulation stahility in predator-prey systems and coexis-
tence in competing guilds (described later).

The isste of how the maintenance of genetic variation influences sta-
bility and persistence of ecological systems is important in both single
species and community dynamics. There has been a great deal of inler-
est in how (or i) community diversity influences ecosystem stability
(c.g., see Loreau, Naeem, & Inchausti 2002). A parallel question at the
level of single-species population dynamics is whether the presence of
senetic variation promotes population stability. In community ccology
the focus is on whether genetic variation and short-term evolution influ-
ence the likelihood of stability, given potentially unstable interspecific
interactions.

Similar forces may maintain diversity at different levels of biological
nrganization (Antonovics 1976}, At the community-ecosystem interface,
among-species variation is maintained by mechanisms known to main-

ain the diversity of interacting species within communities, such as
niche differentiation, food web interactions, disturbance, and spatial
dynamics. At the level of individual species and small sets of interacting
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m_uni..wm_ comparable mechanisms can selectively maintain adaptive
genetic variation within species. Diversifying spatial and temporal het-
erogeneity in selection, with gene flow, provides a potent set of mecha-
nisms for the maintenance of genetic variation, broadly comparable to
the forces that maintain diversity in communities {e.g., see H.mc:.ﬁ &
Muller-Landau 2000). Broadly speaking, the stabilizing factors th rough
which biodiversity is believed to stabilize entire ecosystems (e.g., the
insurance hypothesis and niche complementarity; Yachi & Loreau 1999
ruﬂnm.: 2000} should also pertain to the stabilizing influence of mn:c:m
variation on population dynamics,

Species diversity may be particularly impaortant in maintaining
ecosystem functioning in changing environments {(Norberg et al. 2001).
Similar processes can operate within species, through shifts in penetic
mc_.zncm:mo:_ because genetic variation is _.ca_._:....._.ﬁ_. [iar .n:_m?i.mcn tey
EE_mEEﬂE.E,.,._n:nm in changed environments (Lande & Shannon 1996).

Microevolutionary processes may play a role in determining some
of the most basic processes considered by community .un:r_:mmﬁm
Realized patterns of community richness reflect controls on both nc__c._
:Fw.::: EH_. extinclion rates. The process of community assem-
bly involves “testing” local communities with propagules of invacding
species drawn from a regional species pool; community strocture arises
m_.amn sequences ol successful invasions, failures, and extinetions of prior
Emﬁn.mn__”m. Most ecological theory of assembly dynamics assumes :ﬁ.:
species’ propert les remain fixed. In the initial stages of invasion, a
species will typically be rare locally and prone to extinetion for thal
reason alone. Yet if genetic variation is present, natural selection can
__.Ehcmmmm H._._m mmo_,..__: rate of the population in the local environment and
:E.m facilitate invasion. Among species with otherwise similar responses
to the local environment {e.g., in resource requirements), those with
more genelic variation (e.g., because of their mating system) should be
more responsive 1o local selection and thus should be more likely to
merease when rare, .

The relationship between population size and extinetion risk is a Core
concern of island biogeography (MacArthur & Wilson 1967) and related
areas such as metapopulation ecology and conservation biology. Er“ﬁ
is the relative importance of purely ecological factors versus genetic and

nE.u_::m:mE factors in determining the extinetion risks of small popi-
_zz.n:_,...hu There are numerous genetic factors (hat potentially enhanee
extinction risks in small papulations, including inbreeding z,n.u_.qmﬂc:
m,nn:EEm:ez ol deleterious murtations, and the loss of adaptive _..:.,___n.:..
tial. Newman and Pilson (1997) described an experiment with the annual
plant Clarkia pulchella in which they manipulated the genetic _“._,._,mn:hm
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population size but maintained a fixed census population size. They
found that lower genetic effective sizes substantially increased extine-
tion risk, If extinetion dynamics is an important determinant of com-
munity structure, then microevolutionary processes that aller extinction
risk could have effects at the community level.
For instance, consider the determinants of species-area relationships.
such relationships are almost universally ohserved, whether the re-
searcher is considering nested mainland samples or samples drawn
fram islands differing in size. However, the relationship is usually weaker
for the former (e.g., as measured by the slope of a log(species) versus
loglarea) regression). A general explanation for this is that colonization
rates are lower on islands than in similar-sized areas of the mainland
(MacArthur & Wilson 1967, Rosenzweig 1995), Another explanation is
that local extinction rates are similarly lower for the latter. The greater
immigration rate expected within a continuous continental area both
enhances recolonization of sites that have experienced extinction and
makes extinction less likely in the [irst place. There are purely ecological
reasons that enhanced immigration might reduce extinction risk fas in
the rescue effect of Brown & Kodric-Brown 1977), but genelic mecha-
nisms may be important as well. Immigrants can reduce the effect of
loeal inbreeding and replenish stocks of genetic variation that can b
acted on by natural selection (e.g., to deal with local edaphic conditions
or temporal variability; Lande & Shannon 1936, Gomulkiewicz & Holt
1995). With recurrent immigration, evolution can draw on genetic vari-
ation available at much larger scales than just the local population, so
the phenatypes of local populations can be sculpted to match local envi-
ronments; this may eventually permit a species to occupy a wider range
of habitats than would otherwise be possible. When these evolutionary
effects are iterated across many species, researchers might expect a shal-
lower species-area relationship to emerge (hecause species can be mare
widespread, having adapted to a wider range of environments]. An apen
question in community ecology is thus determining the potential rela-
tive contributions of genelic and evolutionary versus ecological expla-
narions for explaining the shallower species-area relationships observed
in continental communities compared with sets of oceanic islands.
Evalution can influence interspecific interactions at short timescales.
Thompson (1999), for instance, asserts that “dozens of species interac-
tions are known to have evolved during the past 100 years.” He suggests
“the stability of communities may rest an the ability of species to make
short-lerm evolutionary changes to each other.” The classic example
of a rapid evolutionary shift in an interspecific interaction may be the
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interaction between the myxoma virus and the introduced rabbit in
Australia. The virus initially had a strong effect on rabbit abundance, bul
because of selection towards both increased resistance in the rabbit and
decreased virulence in the virus, the strength of the interaction gradu-
ally waned. In agricultural systems, genetically homogeneous monocul-
tures can suffer devastating outbreaks of pests. This suggests that in
natural systems, genetic diversity in prey and hosts mav be essential in
reducing the effect of any given natural encny and EME contribute to
community stabilily,

Far each model of a community module that I have described in Holt
(1997, researchers can revisit issues such as coexistence, stability, and
alternative states and ask how the model predictions would be modified
by incorporating ongoing evolution into the model parameters, occur-
ring at roughly the same timescale as ecological dynamics in numbers.
Theoretical studies by Levin, Abrams, Hochberg, and others sugeest that
evolutionary dynamics can either stabilize or destabilize _...Enwﬂ_,cTﬂ_Eﬁ
or host-parasite dynamics. A microcosm experiment by Hend ry and his
colleagues (2000) showed that ongoing evolutionary change could ns_._,.
E_EE to the generation of predator-prey cycles. The interplay of evolu-
ﬁ._n_nm:% and population dynamics is of immense practical _.:::_:E__uﬁ.
_cﬂ instance, in the contral of pest species, Abrams (e.g,, see Abrams 200 5_
in particular has championed how incorporating evolution into dynamic
models of predator-prey interactions can have a major effect on the
n.kﬁmn“m..,_ behaviour of the system. The specific effects of such ncﬁ_:__._..
tion depend on the details of how a focal predatar-prey interaction is
coupled with the remainder of the food web (see also Levin Segel, & Ad __.c._.
1980, | o

Jmﬂ.E evolutionary responses within species may al times foster the
maintenance of diversity within trophic levels of competing species. This
Ez_n.:m:mEEmF Pimentel {Pimentel 1968, Pimentel er al. 1965) explored
the idea HE_,_ genetic feedbacks could permit species declining H.umnm__m.....
.n_ﬁnE.:_E::c: nonetheless to persist in the community. The basic idea
is H.H:: it a dominant species is pushing a subordinate species 55.;.:?
wmz:n:m:. selection in the former will be dominated by Ewamﬁan_mm
interactions, whereas selection in the latter will be ::”%‘zﬂ:m_f ni::_.
mm.n.u by the need to cope with interspecific competition as its numbers
nmn_:.,__n. This asymmetry in the target of selection could t_:ﬂ__wzn_m:w,
permit the maintenance of species in communities, Wardle {2002, p, 205)
mqmm:um that the ability of soil organisms {(e.g., microbes) :h M.am_,u_
rapidly to ,.;_Eumm:m conditions could be an important contributor to
observed high levels of diversity in soil communities. It strikes me that

2
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elucidating the influence of ongoing evolution to community stability
and the maintenance of diversity is a question worth a great deal more
empirical and theoretical scrutiny.

12.5.2 | Final Thoughts on the Interplay of Ecology

and Evolution

Even if species’ traits are relatively lixed, evolutionary perspectives can
help enrich comparisons among communities. This is not a new point
and, indeed, is implicit in several of the historical references noted pre-
viously. We need a new, tempered, phylogenetically sensible, adapta-
linnist perspective to help organize the numerous contingent facts noted
by Lawton (2000). Webb and his colleagues (2002) and Ricklefs {2004)
point out several important questions that can be addressed using phy-
logenetic wechnigues.

Over ecological time-scales, community assembly requires sampling
species already present in regional species pools (MacArthur & Wilson
1967, Holt 1933, Rosenzweig 1995). Over evolutionary timescales, com-
munity assembly reflects the processes of speciation and adaptive
radiation. Gillespie’s (2004) study of Hawaiian spider communities
reveals that the adaptive radiation of habitat associations is not random,
that similar sets of ecomorphs arise through both dispersal and evolu-
tion, and that species diversity is maximal lor communities of interme-
diate age, She suggests that “the similar patterns of species accumularion
through evolutionary and ecological processes suggest universal prinei-
ples underlie community assembly.” Sorting of species along environ-
mental gradients can permit communities to exhibit the properties of
‘complex adaptive systems', with adaptive matches between the distri-
butions of phenotypes and local environmental conditions (Leigh &
Vermeij 2002, Leibold, Halt, & Holyoak, in press),

The last few years have seen a resurgence of interest in the structure
and dynamics of food webs (e, see Palis, Power, & Huxel 2004), but
most of this work has to date not directly dealt with evolutionary
questions. As one example of a food web attribute that may require an
evolutionary explanation, consider food chain length. Pimm (1982)
distinguished four basic hypotheses for why tood chain length may be
limited: energy flow, size and other design constraints, optimal foraging,
and local dynamic constraints, More recently, other authors have pro-
posed that ecosystem sive (Post efal. 2000} and metacommunity dynam-
ics (Holt 1997) could also constrain food chain length, Of this set of
alternative hypotheses, two (body size and optimal foraging) are essen-
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tially evolutionary in nature, As another example, consider patierns of
connectance. There are purely dynamic forces that can influence con-
nectance in food webs (Pimm 1982}, but it must also be true tha Ciin-
nectance reflects the evolutionary dynamics of trophic specialization
and generalization, and coevolutionary arms races, across various
trophic levels. The relative importance of evolutionary dynamics, versus
ecological dynamics and constraints such as ecosystem productivity
and size in determining food web attributes is an open and important
question that needs much more focused work.

Moreover, whether a species' traits are fixed or not is not an absalure
but depends on the structure of the environment in which species live
and the traits in question. Evol utionary analyses can help sharpen our
understanding of when we can reasonably assume that a species’ traits
are fixed for the purpose of a particular ecological analysis. A second
important question is thus: when does the absence of evolution reflect
ecological constraints?

Itis clear that, at times, population dynamics may he decoupled from
evolutionary dynamics. Moreover, sometimes the ecological structure of
a mwuﬁ.nE cant preclude an impartant role for evolution, even though
genetie variation is present. [, with Hochberg (1997), argue that in het-
erogeneous landscapes, a factor may be strongly limiting {in terms of is
eftect on distribution and abundanee) without it necessarily being a
strong selective factor. For instance, consider a predator-prey system
with an eflfective predator that is nonetheless stabilized because g spatial
S,Emm is present. Prey individuals in the reluge can breed without fear
of predation and tend to stay there, If they nonetheless generate emi-
grants who leave the refuge, this "surplus” can stably sustain the preda-
wn__.. ,M,E because most successful reproduction occurs in the refuge
if ..Em movement rate is low there is an automatic bias in adaptive E_c._
lution towards maintaining adaptation to this habitat ar the expense of
mzm_.c._‘,m_:ﬁ:ﬂ in adaptation outside, Hence, 4 predator may effectively
r,E__ prey abundance and distribution tlargely to the _...,.H.:.ma E::z:._
simultaneously gencraling strong selection on the prey species o with-
m.HE_ predation when it is exposed outside the Hnmzmn...,_. he effect is par-
_.un_._._E:_. strong when the predator-prey system is dynamically unstable
{(Holt, Hochberg, & Barfield 1999), . -

A striking phenomenon that suggests the existerice of constraints
on the basic ecological properties of species is niche conservatism
(Peterson, Soberon, & Sanchez-Cordero 1999; Holt & Gaines 1992). I
should note that here | am using the word niche in a sense that gues
_umn_n..E Grinnell (via Hulchinson), as a summary ol the requirements a
SPECIes must meet to persist in a given environment (i.e,, be able to
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increase when rare), rather than in Elton’s sense, which has to do with
the role of species in communities. The niche is an abstract character uf
a species, in effect a mapping of expected growth rate, when rare, onto
an abstract environmental space (with axes of lemperature, soil mois-
ture, food levels, ete.), Niche conservatism is to be expected if species
experience environmental change sharply enough (in time or across
space) such that new environments are associated with high probabili-
ties of extinction (as in the experiments on thermal tolerance in

Escherichia coli describe by Lenski 2001), | have argued that niche con-

servatism can be fostered by demopraphic asymmetries among, popula-

tions (1ol & Gaines 1992, Holt 1996, Holt & Gomulkiewiez 2004; see also

Kawecki 1995, 2004). Broadly speaking, this is because niche evolution

is self-referential in a way that most other character evolution is not.

Consider the familiar evolutionary catechism: evolution by natural

selection veeurs if there is (1) variation that is (2] heritable and that (3)

leads to different expected fitnesses by individuals bearing different phe-

notypes. But fitness is always relative to a particular environment,

hecause it is alwayvs a joint function of the phenotype and of the envi-
ronment; if we change the environment, we can often change fitness. For
instance, optimal beak size may vary with fluctuations in the food supply
(as oecurs in Darwin's finches: Grant & Grant 1988). What defines the
environment in which a researcher evaluates niche evolution? To a first
approximation, it is the niche ilself! Environmental states well outside
the niche are those in which a species is expected to go rapidly extinct—
and there is little scope far evolution in extinet populations.

There are many other issues that could be considered when contem-
plating the interplay of evolution and ecological interactions. Lvolution
depends on heritable variation, but the heritabile component of genetic
variation depends on the environments in which individuals live (Holt
1990, Hoffmann & Merila 1999), Natural selection is not the only force
that can potentially influence community dynamics. Evolutionary forces
such as mutation, gene flow, and drift can perturb species from adaptive
optima or evolutionarily stable states. This may lead to predictable
expectations about when to observe species with trait values far from an
optimum (e.g., when local density is low, increasing the importance of
drift), Gene flow can also at imes facilitate adaptive evolution. Rosemary
and Peter Grant (1989) have suggested that low levels of hybridization
hetween clasely related species can provide significant sources of varia-
tion for selection to respond to environmental shifts; species that are
competitors over ecological timescales might be mutualists over evoli-
tionary timescales,

-
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A final important consideration is that the effectiveness of selection
on a single character can be hampered by genetic correlations with other
characters also undergoing selection. Consider a prey species in a
complex [ood web: It may experience selection to avoid predation by a
specific predator, but the evolutionary response to such selection will
likely retlect the costs of evolved respanses, as measured, for instance,
in resource uptake rates or exposure (o other predators, An important
task for future work is to take the web of interactions impinging on a
species, affecting its numerical dynamics (e.g., resource :E:EE? pres-
dation, direct interference, and tolerance to disturbance), and then to
translate the interaction web into the interlinked suite of selective forces
simultaneously acting upon that species. The absence of evolution may
reflect the action of a multiplicity of selective forces, tugging in contra-
dictory directions, Ackerly [(2003) has suggested that interspecific inter-
actions, in particular multiple interactions arising in a multispecies
context, may provide part of the explanation for ohserved patterns of
niche conservatism. Following a change in the environment, species
sorting can permit a locally superior species to supplant a resident
species much more rapidly than microevolutionary dynamics can occur
in the resident. Conversely, il a species can n__r.u.m.mm"-mi‘_am a range of
environments with different adaptive optima, given enough time a
researcher might expect speciation to be driven by spatial variation in
selection (Doebeli & Diekmann 2003, Gavrilets 2003). Thus, the ullimate
explanation for a central conundrum in evolutionary biology—the
..,“EE._._,E._EH ol stasis in many species over substantial m.zn._:w. of x_,éc_:-
zm_,r,:.____ history and bursts of adaptive radiation in other species
(Eldredge 19889)—may in the end only be resolved by an explicit treat-
ment ol the combined effects ol interspecific interactions and commu-
nity assembly and sorting processes, playved out across spatially and
temporally heterogeneous landscapes. ,

12.6 | CONCLUSIONS

ﬂ,__._,E.:E:: and his colleagues (2001) reported the musings of a National
mnﬁ_mnn Foundation "white paper” committee formed to delineate majar
ﬂa:ﬁmaa in ecology. These scientists concluded that there are four fran-
tiers in understanding the earth’s biological diversity. Two of these fron-
tiers are as much frontiers in evolutionary biology as they are in ecology.
It was argued that understanding the _iw:mn.:nm of coalescence in
complex communities" was 3 key desideratum. The term community

T —
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coalescence denates the development of complex ecological communi-
ties from a regional species pool, which in turn is generiated by evolu-
tionary processes creating species and constraining their phenotvpes
{e.u., because of adaptive trade-olfs) so as to comprise functional groups,
Another important frontier is to understand "evolutionary and histori-
cal determinants of ecological processes”. This led to a consideration of
six distinet crucial issues that need to be addressed to develop a theary
of ecology that takes into account the genetics and evolution ol organ-
isms: the phylogenetic structure of ecological processes, rapid evolution
and ecological dynamics, coevolution and ecological dynamics, the
spatial seales of evolutionary dynamics relative o ecological processes,
genetic diversity and ecological dynamies, and the genomics of eeolog-
ical dynamics.

As | have argued in this chapter, aspects of an evolutionary perspec-
tive can be found even from the earliest days of the discipline of ecology.
Only recently, however, with the concordant refinement of phylogenet-
ics and molecular technologies, has there been an appreciation of the
critical importance of taking an explicit evolutionary stance when con-
sidering the core questions of community ecology. There has also been
an underappreciation of the potential for rapid evolutionary change, of
the need to incorporate organismal-driven change in the environment
into descriptions of evolution, and finally, of the potential for ecological
farces themselves to determine whether a scientist observes stasis,
versus rapid evolution, in species’ ecological traits. Our field is ripe lor
major advances at the ecology-evolution interface, and in my opinion
undergraduate and graduate training, and the directives of funding
agencies, should be modified to foster the long overdue intellectual
coalescence of these two disciplines.
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