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Ecology Is the science of
communities.

A study of the relations of a single
species to the environment
conceived without reference to
communities and, in the end,
unrelated to the natural
phenomena of its habitat and
community associations is not
properly included in the field of
ecology.

--- V. Shelford, 1929.

Victor Shelford

(1877-1968)

XEAESFLSE LK,
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« Lawton (1999) : “...community ecology Is a mess,
with so much contingency that useful generlisations are hard
to find.”

Are there general laws in ecology?

Johe H. Lawion
ﬂ"l."-ﬂl e Lawiom, J. H. 1945 Are there gemeral laws in eoobogy® - Ohkos 84: 177 192,
&,

x The dictionary definition of 2 law is: “Generalized formukation based on a series of
F events of processes observed o recur regulardy under cemain conditions; a widely
- ohservable tendency”. | argue that ecology has namerous laws in this sense of the
ﬁ- seird, inothe foem uf‘wm:.-gpnd. Fepealable parteno & natung, bur Baedly gay lws
h = gt thal are universally tres. Tvpecally. in other words, sookageal patierns and 1he Laws,

mules and mechznisms thal underpin them are contingent om the orpanisms involved,
and their environment. This contmpency & mana,geihk at a relativedy simple level ol
ectlogical orgamisation (for exemple pulation dvnamics of :lnglt ared smnall
mumbere of sperassh and ro-cmerpes pls.q:u in & manageshls form in large sets af
specics, over brge spalial scalks, or veer long lime periods, in tee Torm of detail-frec
statisincal paiemms - recemily called 'n'um:ﬁnlut;l The vonlingency becomes aver-

whel il coesnpl d a1 disite seales, chargcieristic ut'n:u:.mrnunu} enakgy,
where (ke are & large nember of case hetorics. amsl vory Btk odher than weoak.
Fuery nnmlualu:rns These argumenis are Wusiralsd by [ocusing on enamples al
typical sbadies in commvanity ecology, and by way of comirasl. on the macoecological
redarionship thel emerpes heroeen local spevies richness and the size of the regional
ol G species, The émergeal patiern lasairatad by keal v reiuonal ncheess plots s
extremely smple. despite the vast number of contingent processes and micradions
invelved in itz generution. To discover gtneml aitzrns, laws and rules in mature,
eoology may need o pay less atlention (o 1he ' b ground” of comerunity ecobogy.
relying less on reductiontem asd experimental manipulation. bur mereasing ressanch
effans inta masreecalogy

John Lawton

(0.1943 -)
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Community Ecology: Is

It Time to Move On?

(An American Society of Naturalists Presidential Address)”

Daniel Simberloff"

Department of Ecology and Evolutionary Biology, University of
Tennessee, Knoxville, Tennessee 17996

Submitted August 29, 2003; Accepred fanuary 9, 2004;
Eiectrorsically published April 21, 2004

ABsTRACT: Because of the contingency and complexity of its subject
mattes, community ecology has few Laws and models

in community are highly co domain is
usually very i ecology
s a weak scie es, with
growing mechanistic unde erns, and pro-
cesses. Further, traditional community ecological research, often lo-
cal, experimental, and reductionist, is crucial in understanding and

responding to many environmental problems, including those posed
by global changes. For both scientific and societal reasans, it is not
time to sbandon community cology

i fuced

1w, i

Key i ¥
pine, red-cockaded woodpecker

g species, kelp,
longlea

There are three separate issues here. First, does com-
munity ecology really not have general laws? Second, is
the worth of commu ecology as a science determined
by the degree to which communities adhere to general
laws? Third, whether community ecology has or will ever
have general laws, we must study communities because
understanding them is crucial to dealing with many key
conservation and environmental issues.

Science and the Importance of General Laws

The first issue of whether community ecology has general
laws can be dispensed with quickly. Except for very high-
level laws, such as those of thermodynamics, that are so
basic as to be ecologically uninteresting, 1 concede Law-
ton’s point: the “general laws” of community ecology con-
sist of relatively few fuzzy generalizations. Some of these,
for example, the frequent top-down governance of eco-
systems by large carnivores, have been gleaned from ex-
cellent scientific research and may be enormously useful

Simberloff, 2004
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Is there a general theory of community ecology?

Juan Ronghgarden

Roughgarden, 2009
e, PR

O Springer ScencerBusan .

Abstract  Community ecology entered the 1970 with the helief that niche theory
would supply a general theory of community structure. The lack of wide-spread
empirical support for niche theory led to a focus on models specific to classes of
communities such as lakes, intertidal communities, and forests. Today, the needs of
conservation biology for metrics of “ecological health™ that can be applied across
types of communities prompts a renewed interest in the possibility of general theory
for community ecology. Disputes about the existence of general patterns in com-
munity structure trace at least to the 1920k and continue today almost unchanged in
concept, although now expressed through mathematical modeling, Yet, a new
framework emerged in the 1980s from fndings that community composition and
structure depend as much on the processes that bring species to the boundaries of a
community as by processes internal o a community, such as species interactions
and co-evolution. This perspective, temmed “supply-side ecology”™, argued that
community ecology was to be viewed as an “organic eanh science” morne than as a
biological science. The absence of a general theory of the earth would then imply a
correspomding absence of any general theory for the communities on the earth, and
imply that the logical structure of theoretical community ecology would consist of
an atlas of models special o place and geologic time. Monetheless, a general theory
of community ecology is possible similar in form to the general theory for evolution
if the processes that bring species to the boundary of a community are analogized to
mutation, and the processes that act on the species that arrive at a community an
analogized to selection. All communities then share some version of this common
narrative, permitting general theomrms o be developed pertaining to all ecological
communities, Still, the desirability of a general theory of community ecology is
debatable because the existence of a general theory suppresses diversity of thought

J. Roughgarden (=)
Degmrtment of Bialogical Sclences, Stanbord Universiy, Stnford, CA 94305, LISA
el joen roughgardendd sanfond edu; joan? joandisnctf. com

Published enline: 30 April 2009 &) Springer
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COMCEFTUAL SYNTHESIS [N COMMUNITY ECOLOGY

Mark VELrEnD
Disparimenls of Balanp ong’ Soology, ama Bodhemify e Cebreg, Dninasily of Brthl Cokonbia,
Vancowoer, Brifish Cofamdic, Comads, VET I 24
E-BAIL: MVELLER DS INTERIHANGE U B 04

ERVWORDS
disperal, drifi, communiy ecology, populadon genedics, selection, speciation

ARSTRACT

Comomsamity srciogy it s pemmrd = @ ", pivers the senruimgiy v mamder o fracenes dhar
can unedimiie the ey patirmy of fnieni, end the amed aniqeme o sadh shady rubm.
Fowmer, at the mau e fel, ratorns in the comparition nd divmsity of ghre—the nubjet
i g ity eodepy—are inliermed f ondy fuer e af ooy sadatice, defl, guciaten,
nd dinprral Seincion sgreimis demimiaic i Efemen amag gbecn, dH g
siochatie champer i ucies abumedimcs, gsiaion st nes e, and digsema i the numm
af orpanizes amon spave, AN therdicsl end wneiuel moddls in cammanity sam b
mderataad wiilh meypect da Shar ropdaut en fhoe e precose. Engincd andmor edas for a of
hean and mary of thair with @ inamer of atudin am action, Crpamising
the ustomia o ity woalagy accmding i s ol siariives o
Aiffrnce mweng the many oo and temical ayeadhe o Sie daping e i s e
lfm for the antindaton of 2 vy pmen! theory of conmuy dhnonis ecin e asded 1w
cemmimstier i gecition and diyeras] o thr stive abunadanees of e spsics are the hated
by driff el salactian, a0 ol @ avgoing dEypera, to drive commuity dyeamic.

Vellend, 2010
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Federick Clements Henry A. Gleason
(1874-1945) (1872-1975)
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Federick Clements Charles S. Elton
(1874-1945) (1900~1991)
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Abundance

Environmental gradient
(a)

Fig. 5.1 Diagrammatic representation of two models of
vegetation.
(a) The model of Clements in which species’ requirements

coincide, leading to the separation of distinct ‘communities’.

REVE HIL 57 ) R

Abundance

Environmental gradient
(b)

(b} The ‘individualistic’ model of Gleason in which
each species is distributed independently and no clear
‘communities’ are apparent.
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(c)

Percentage of stems

ROC, red oak—chestnut forest; S, spruce forest; SF, spruce—fir forest; WOC, white oak—chestnut forest. Major species: 1, Halesia monticola; Robe rt H Whlttaker
2, Aesculus octandra; 3, Tilia heterophylla; 4, Betula alleghaniensis; 5, Liviodendron tulipifera; 6, Tsuga canadensis; 7, B. lenta; 8, Acer rubrum; 9,
Cornus flovida; 10, Carya alba; 11, Hamamelis virginiana; 12, Quercus montand; 13, Q. alba; 14, Oxydendrum arboreum; 15, Pinus strobus; 16, (1920_1980)

Q. coccinea; 17, P. virginiana; 18, P. rigida. (After Whittaker, 1956.)
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Lucy Brown Margaret Davis
(1889-1971) (b. 1931-)
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—oor R e Proc. R. Soc. B

THE ROYAL F"StC'te doi:10.1098/rspb.2009.1272

SOCIETY e-publishing Published ondine
Review

Refugia revisited: individualistic responses

of species in space and time

John R. Stewart!, Adrian M. Lister!, Ian Barnes? and Love Dalén2*'

' Deparoment of Palacontology, Natwral History Musewm, Cromzell Road, London SW7 5BD, UK
28chool of Biological Sciences, Roval Holloway University of London, Egham, Surrey TW20 0EX, UK

Climate change in the past has led to significant changes in species’ distributions. However, how individ-
ual species respond to climate change depends largely on their adaptations and environmental tolerances.
In the Quaternary, temperate-adapted taxa are in general confined to refugia during glacials while cold-
adapted taxa are in refugia during interglacials. In the Northern Hemisphere, evidence appears to be
mounting that in addition to traditional southern refugia for temperate species, cryptic refugia existed
in the North during glacials. Equivalent cryptc southemn refugia, o the south of the more conventional
high-latitude polar refugia, exist in montane areas during periods of warm climate, such as the current
interglacial. There is also a continental/oceanic longitudinal gradient, which should be included in a
more complete consideration of the interaction between species ranges and climates. Overall, it seems
clear that there is large variation in both the size of refugia and the duration during which species are
confined to them. This has implications for the role of refugia in the evolution of species and their
genetic diversity.

REVIEW

The evolutionary consequence of the individualistic response

to climate change

J.R. STEWART

Department of Palasontlogy, Natural History Museun, London, UK

Keywords:

cimate change;
coevolution;
Gleasonian;

nonanalogue ecology (no-analogue);

quaternary.

Abstract

The Quaternary fossil record has abundant evidence for ecologically non-
analogue communities made up of combinations of modern taxa not seen in
sympatry today. A briel review of the literature detailing these nonanalogue
communities is given with a discussion of their various proposed causes. The
individualistic, Gleasonian, response of species to climate and environmental
change is favoured by many. The degree to which communities are
nonanalogue appears to increase with greater time depth, and this progressive
process is a necessary outcome of the individualistic response of species to
climate change through time. In addition, it is noted thar populations within
species, as well as the species as a whole, respond individualistieally. This
paper proposes that many elements of nonanalogue communities are extinct
populations, which may explain their environmentally anomalous combina-
tions. These extinet populations are, by definition, lineages without descen-
dents. It is further proposed that the differential extinction of populations, as a
result of continuous ecological reassembly, could amount to a significant
evolutionary phenomenon.
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Rethinking plant community theory

Christoplier
Ragan M. Callaw
( chrisi@onepoint.ca).

Plant commur
rando:
mn\l LLIDlIPLINIi

ccently been prom

nd indirect eff
ons do not support the tr
We  believe  that  reject
allow ecologists to  bett

predictive tlmmlu of comm es, and develop
models for community-level responses to global change. Here, we
introduce the concept of the egrated community (1C) whi
proposes tllll range from v natural plant comm
indivi interdependent depending on
the ah c tol
ions among plants, and
and between t c levels. All of
ceepted by t ccologists, but no single
tegrate these d nt processes into our

these process: re well
theory has sought to
concept of commu

[ Loirtie, Rob W. Brooker, Philippe Choler, Zaal Kikvidze, Richard Michalet, Francisco I. Pugnaive and
v, Division ef Biological Sciences, University of Montana,

Missoula, MT, 59812, USA

Gleason clearly presents modern misinterpretations of
his ideas but does not conclude with a call to an
appropriate definition of individualistic theory (Nichol-
son and McIntosh 2002).

While it is tempting to dismiss this legacy as ancient
history and argue that we have moved beyond this, the
bottom line is that although modern experiments are
much more multifactorial and often consider many
species within a community. there is still a bias in plant
ecology to structure research and interpret results from
an individualistic perspective. Certainly, the study of
individualistic attributes such as physiological tolerance
or competitive ability has led to very successful research
on the importance of the environment and competition
as factors structuring plant communities. Also without
question, facilitation and its importance has also been
clearly demonstrated (Bruno et al. 2003). Nonetheless,
both processes are still interpreted primarily in the

Lortie C.J. et al. 2004. Oikos, 107:433-438
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Joseph Grinnell Charles S. Elton G. Evelyn Hutchinson
(1877-1939) (1900-1991) (1903-1991)



MacArthur, R. H.
1958. Population
ecology of some
warblers of north-
eastern coniferous

forests. Ecology
39:599-619.

MacArthur’s
warbler
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Vol. 101, No. 921 The American Naturalist September-October, 1967

THE LIMITING SIMILARITY, CONVERGENCE, AND
DIVERGENCE OF COEXISTING SPECIES

ROBERT MACARTHUR AND RICHARD LEVINS*

Department of Biology, Princeton University, Princeton, New Jersey, and

Robert H. MacArthur
(1930-1972)
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Robert M. May Robert H. MacArthur
(b.1936) (1930-1972)
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HOMAGE TO SANTA ROSALIA
or

WHY ARE THERE SO MANY KINDS OF ANIMALS?*

% \ \
G. E. HUTCHINSON \

Department of Zoology, Yale University, New Haven, Connecticut G. Evelyn Hutchinson
(1903-1991)
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Evelyrian, 1570), 1985, pp. 1206-1233

Receiwed July 11, 1980

“When Prof. Buckland, the eminent ostealoglst and
geologist, discovered that the telies of 51. Rosalia at
Palermo, which had for ages cured diseases and
warded off epidemics, were the banes of a goat, this
fact caused not the slightest diminutian in their mi-
raculous power,”

A, D White, 1896, ¢, 29

Hutchinsan's (1959} seminal paper,
“Homage to Sanfa Roszalia or Why ars

SANTA ROSALIA RECONSIDERED: SIZE RATIOS AND COMPETITION

DANIEL SIMEERLOFF ANL WILLIAM BOECKLEN
Department. of Riological Science, Floride State University, Tallahorsee, Flovide 12304

Rewviaed Janoary 14, 1981

chel, 1975; Hespenheide, 1975; Rabi-
san, 1975; Inouwe, 1977, 1978 Uetz,
1977; May, 1978; Pearson and Mury,
1979; Edwards and Emberton, 1980).
Three ar more ecologically similar co-
existing species tend to have constant
size ratins hetween species adjacent in
a size-ranking, though the constant

Ensmbne wwmner sempns Freamces nles b P
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THE ASSEM

BLY OF SPECIES COMMUNITIES:

CHANCE OR COMPETITION

Drepurtinent of

Epwarp F. Connor®®
Fnvirsmmrented Seienees. University ol Virginie .

Charlovtesville, Vieginio 22903 USA

AN

DanNiEL SIMBERLOFE
Depertment af Biodogical Scivnces, Flovida Snate University,
Tallchassee, Florida 32306 UJ5A
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Eminent Ecologist Award
Daniel Simberloff

Daniel Simberioff is not only eminent in ecology
today: for many years, he has been the
quintessential ecological iconociast.

Any undergraduate student who has ever had an
ecology class 1s familiar with Dan Simberloff’s work.
His expenimental island biogeography papers with
E.O. Wilson are textbook classics, elegant experimen-
tal studies that appeared to beautifully confim the
emerging theory of island biogeography. Simberloff
rigorously tested a nascent body of theory, which won
‘him the Mercer Award with Wilson in 1971. If he had
done nothing else, this work would have assured him
lasting prominence. But many ecologists were dis-
mayed by his 1976 Science paper, in which he threw
stones at his own glass house, arguing that most of the
insect tumover in this assemblage was ephemeral and
did not therefore confirm the predictions of the theory.
Few ecologists among us have the courage to publicly
challenge our own paradigm in this way, particularly
once it has become widely accepted. As society began
to embrace island biogeography and extend it to de-
signing nature reserves, Simberloff was further cast as
a bete noire when he argued (backed by plenty of em-
pirical data) that large reserves are not always the best
conservation option.

In the late 1970 and early 1980’s, Dan Simberloff
took on the MacArthurian paradigm of competitively
d ities, loning the null models
approach in community ecology. In so doing, he forev-
er changed the face of our field. The shock waves from
this debate still ripple through ecology. His work forced
ecologists to ask: what would these patterns look like 1f
‘mechanism x were not in operation? Boiled down to its
essence, his arguments have been summarized as “rely
on the data to tell you how nature operates; don’t sim-
ply find the patterns that you're supposed to find.”

His more recent work has been equally notorious.
He has written pointed and controversial critiques
about the wisdom of biological contol, calling atten-
tion to the threats imposed by invasive species and
raising the specter of “invasional meltdown” His
criticisms of biological control gone bad (and his data
to support those criticisms) are slowly reaching land
managers and the general public. He has become a
world expert on the threats imposed by invasive spe-
cies.

These are just the highlights. In almost every as-
pect of his research program, he has been a leader and
has demanded rigorous tests and critical interpreta-
tions of data. His approach — know your organisms,
ask mnteresting questions, and deal with the data rig-
orously — has been an example for countless num-
bers of ecologists and has made ecology a better, more
quantitative science.

264 Bulletin of the Ecological Society of America




i

AL A

Strong et al. (1979) XN, FriB R
MV EE A B AL Bk i 4 2

Evolution, 33(3), 1979, pp 897-913

TESTS OF COMMUNITY-WIDE CHARACTER DISPLACEMENT
AGAINST NULL HYPOTHESES

DoNALD R. STRONG, JR., LEE ANN SZYSKA, AND DANIEL S. SIMBERLOFF
Department of Biological Science, Flovida State University, Tailahassee, Flovida 32306

Received May 2, 1978.

Ecological character displacement is un-
usual dissimilarity among sympatric spe-
cies in features such as body size or trophic
morphology (Grant, 1972), which allows
coexistence by causing species to use the
environment in fashions so different that
competitive exclusion is avoided (Brown

Revised November 29, 1978

The reasoning is that the degree of size
difference required to allow coexistence is
the same among all contiguous pairs of
species within communities. Among
species ranked by size, constant ratios of
1.14, 1.2, 1.4, and 2 have been used in
this vein (Hutchinson, 1959; Schoener,
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Santa Rosalia Was a Goat

Ecologisls have for lwo decades made assumplions abowt! the importance of
competition in community organization; that idea is now under vigorous attack

i oall that mach i

Ecologists have for two
decades made assumptions
about the importance of
competition in community
organization; that idea is
now under vigorous attack
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Modeling
Nature

Episodes in the History of
Population Ecology
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Sharon E. Kingsland I
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Community Diversity: Relative Roles of
Local and Regional Processes

1987 SCience BoserT E. RICKLEES
= simillarity exceeded some limie, or if a species could not persist when
The .'.iii:iu richness (diversity) of local tand animal s ecological niche were reduced below some minimum viable size,
assemblages—biological communits ances regional  che mamber of species 3 community woukd be derermined inoa
processes of species formation and geogra dispersal,  manmer analogous to the packing of balls in 2 box, Accordingly, one

ic
which add species to communities, against ﬁ'::‘.:ll processes  would expect o find regular spacing berween the positons of
of predation, competitive exclusion, adaptation, and sto-  species within conlogical space. Equivocal evidence for such spacing
chastic variation, which may promote extinction. (%) has prevented the “competttion hvpothesis™ from compleely Rob Ricklef
During the past three decades, ecologists have sought to  sweeping the discipline, obert RICKIeTs
(1943-) ‘
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Fig. 1. Two models of the relation between local species richness and
regional diversity. According to the saturation model, the coexistence of
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On the evidence for species coexistence:
a critique of the coexistence program

Apam M. StepiELSKT AnD Mark A, McPeex!

Department of Biological Sciences, Dartmouth College, Hanover, New Hampshire 03755 USA

Abstract. A major challenge in ecology is to understand how the millions of species on
Earth are organized into biologeal communities. Mechanisms promoting coexistence are one
such class of organizing processes, which allow multiple species to persist in the same trophic
level of a given web of species interactions. If some mechanism promotes the coexistence of
two or more species, each species must be able to increase when it 1% rare and the others are at
their typical abundances; this invasibility criterion is fundamental evidence for species
coexistence regardless of the mechanism. In an attempt to evaluate the level of empirical
support for coexistence mechanisms in nature, we surveyed the literature for empirical studies
of coexistence at a local scale (i.e., species found living together in one place) to determine
whether these studies satisfied the invasibility criterion. In our survey, only seven of 323 studies
that drew conclusions about species coexistence evaluated invasibility in some way in either
observational or experimental studies. In addition, only three other studies evaluated
necessary but not sufficient conditions for invasibility (i.e., negative density dependence and a
trade-off in performance that influences population regulation). These results indicate that,
while species coexistence 1s a prevalent assumption for why species are able to live together in
one place, critical empirical tests of this fundamental assumption of community structure are
rarely performed. These tests are central to developing a more robust understanding of the
relative contributions of both deterministic and stochastic processes structuring biological
communities.

Key words:  coexistence, density dependence; empirical evidence, invasibilivy, phenotvpic trade-offs,
species diversiry.
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Review

The Unified Neutral Theory of
Biodiversity and Biogeography

at Age Ten

James Rosindell'2, Stephen P. Hubbell** and Rampal S. Etienne®®

" Institute of Integrative and Comparative Biclogy, University of Leeds, Leeds, UK, LS2 8JT

? Institute of Bicinformatics and Evolutionary Studies, University of Idaho, Moscow, ID 83844, USA

3 Department of Ecology and Evolutionary Biology, University of California, Los Angeles, CA 90095, USA

“ Center for Tropical Forest Science, Smithsonian Tropical Research Institute, Unit 0848, APO AA 34002-0948, Rep
5 Community and Conservation Ecology Group, Centre for Ecological and Evolutionary Studies, University of Grof

11103, 9700 CC Groningen, The Netherlands

© Department of Soil and Physical Sciences, Faculty of Agriculture and Life Sciences, Lincoln University, Box 84, |

Christchurch, New Zealand

A decade has now passed since Hubbell published The
Unified Neutral Theory of Biodiversity and Biogeogra-
phy. Neutral theory highlights the importance of dispers-
al limitation, speciation and ecological driftin the natural
world and provides quantitative null models for asses-
sing the role of adaptation and natural selection. Signifi-
cant advances have been made in providing methods for
understanding neutral predictions and comparing them
with empirical data. In this review, we describe the
current state-of-the-art techniques and ideas in neutral
theory and how these are of relevance to ecology. The
future of neutral theory is promising, but its concepts
must be applied more broadly beyond the current focus
on species-abundance distributions.

The mystery of biodiversity

FRESS

2001 - 2011

Glossary

Beta-diversity: zlso known as distance-decay; the pro babili
distance batween two individuals that they will be of the sg
Coalescence: 2 technique developed in population geneticy
analytically solving properties of & sample of individual
ancestry back to their common ancestors.
Dispersal kemel: a statistical distribution describing stochast
by giving the probability of dispersal as a function of distar
Dispersal limitation: 2 process that causes the location of
restricted in some sense by the location of its parent)
application of neutral models to tropical forest trees, this co
‘sead limitation”. It has been further noted that ‘recruitment |j
2 better tarm because only individuals of adult reproductiy
modelled. In the context of the spatially implicit neutral
is given by p m, which the ralg
regional dispersal from the
processas of birth and death in the local community [17]
Fat-tailed ibution: a favouring rar
veary far from the mean. Mathematically. the tails of a 'fi
kernel have power-law decay Irather than exponential deca

The case for ecological neutral theory

James Rosindell'**, Stephen P. Hubbell*®, Fangliang He®7, Luke J. Harmon®® and

Rampal 5. Etienne”
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Ecological newtral theory has elicited straong opinbonsin
recent years. Mere, we review thess opinions and stip
mwEy some umamunste proolems with semantics to

o Teweal three major underlying questions. Only one of

thess relates o neutral theory and the importance of
ecologhcal drift, wheress the others inwolve the link
e twesen pattern and process, the tradeoif betwresn 2m
plidty and compledity in modeling, and the role of
stchastiaty and drift in ecology. We splain how neu
tral the ary cannot be smultaneoushy used both =5 anull
hypothesis and as an sppeosim ation. Howe ver, we also
show how neuts | fheory abeays has o valusble usein
one of thess two robes, even though the realwaorkd is not
maurbral.

There are many diferent interpretations of what ‘nea-
tral thecry’ weally is(Box 1L and this ked bath propooents
and eppenents to "dehate’ witheat haing clkear what they
wore deénvating ahoat. A& femal deéhate requins & well-
defined medion and this has been Lelong in the diseos ons
ao far. We propese the &llewing: "Neutral theary, an en-
semnlble af different nea tral medels of commumn ity sssembly,
& nseful in eobegiesl research’ (Box 11 The wefulness of
neutral theery inevitably degends an the context of use
Indeed, ewen the citis have often ‘made nse of neotral
thesery’ by predus ng in terestin geealogieal findings diraetly
threugh arguing againsat it [17-19]. Finding data that are
mnexpks inad by meatrality [20021) i & valuable s pplicstion
af nentral theery, not & tdamph ever it We Bl ohiliged to
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Disintegration of the Ecological Community

American Society of Naturalists Sewall Wright Award Winner Address”

Am. Nat. 2008

Robert E. Ricklefs'

Department of Biology, University of Missouri, 5t. Louis, Missouri
63121

aBsTRACT: In this essay, I argue that the seemingly indestructible
concept of the community as alocal, interacting assemblage of species
has hindered progress toward understanding species richness at local
to regional scales. I suggest that the distributions of species within
a region reveal more about the processes that generate diversity pat-
terns than does the co-occurrence of species at any given point. The
local community is an epiphenomenon that has relatively little ex-
planatory power in ecology and evolutionary biology. Local coexis-
tence cannot provide insight into the ecogeographic distributions of
species within a region, from which local assemblages of species
derive, nor can local communities be used to test hypotheses con-
cemning the origin, maintenance, and regulation of species richness,
either locally or regiomally. Ecologists are moving toward a com-
munity concept based on interactions between populations over a
continuum of spatial and temporal scales within entire regions, in-
cluding the population and evolutionary processes that produce new
species.

Keywords: biodiversity, biogeography, community ecology.

linked as it is to such disparate issues as global climate
change and meolecular phylogenetics, has stimulated ecol-
ogists to consider with more interest the history of the
environment and the historical and geographic contexts
of ecological systems {Latham and Ricklefs 1993a; Wiens
and Donoghue 2004; Jaramillo et al. 2006; Ricklefs et al.
2006). We appear to be in the midst of a major synthesis
in ecology (Lawton 1999), comparable to the maturation
of ecosystem perspectives during the 1950s (MclIntosh
1985) and population perspectives during the 1960s (Mac-
Arthur 1972; Kingsland 1985).

Deespite these developments, however, ecologists, for the
most part, continue to regard local communities as eco-
logical units with individual integrity (Harrison and Cor-
nell 2008). Empirical and experimental studies, including
recent analyses of food webs and mutualistic networks
(Jordano et al. 2003; Lewinsohn et al. 2006), circumscribe
populations and communities locally (Morin 1999; Chase
and Leibold 2003). Spatial scale rarely appeared in “com-
munity” theory until recently (Ives and May 1985; Brown
et al. 2000; Leibald et al. 2004; McCann et al. 2005), and
where it does appear, it is generally limited to the influence
of dispersal limitation and population aggregation on local

Robert Ricklefs
(b. 1943~)
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BIODIVERSITY AND BIOGEOGRAPHY

STEFHEN P, HUREEILI

Functional FORUM
Ecology 2005 . .
19, 166172 Neutral theory in community ecology and t

functional equivalence

STEPHEN P. HUBBELL*

Ecology, 87(6), 2006, pp. 1387-1398
© 2006 by the Ecological Society of America

NEUTRAL THEORY AND THE EVOLUTION OF
ECOLOGICAL EQUIVALENCE



J. theor. Biol. (1995) 176, 1-12

The Consequences of Recruitment Limitation: Reconciling Chance,
History and Competitive Differences Between Plants

GEORGE C. HURTT AND STEPHEN W. PACALA

Department of Ecology and Evolutionary Biology. Princeton University. Princeton,
NJ08544-1003, U.5.4.

{Received on 19 Ocrober 1993, Accepted in revised form on 23 March 1995)

Plant competition for space is studied vsing analytical and simulation models. Here. the interaction is
viewed as a local competition between juveniles of different species for environmentally variable sites
vacated by the random deaths of adults. Because plants are sedentary and have finite fecundity, often
only a subset of species will compete for an available site. When a dominant species is recruitment limited,
inferior competitors will win some sites by forfeit. It is shown that recruitment limitation allows
“winning-by-forfeit™ which lessens the effect of competitive asymmetries and slows population
and community dynamics. Moreover, since recruitment limitation is likely to be most pronounced
in highly diverse communities because of the rarity of many species, it s suggested that there 1s no
conflict between the hypothesis that species-rich plant communities are more influenced by chance and
history than regulated by competition, and observations of strong interspecific differences among plants.

i 1995 Academic Press Limited
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Fig. 1. Principal axis of life history differentiation among
BCI tree species is in relation to light availability. Each dot
represents the mean phenotype of a single species. Species at
the upper left are shade-tolerant species with high annual
percentage survival in understorey shade but low annual relative
growth rate in full sun, measured as a percentage of initial
stem diameter. Species at the lower right are licht-demanding,
gap-dependent species that exhibit high mean relative growth
rates in full sun, but low mean annual survival rates in
understorey shade. Note the concentration of species at the
shade-tolerant end of the manifold. Data such as this are
usually interpreted as evidence for a trade-off’ between survival
and growth rate. However, these mean phenotype points mask
significant within-species variation in survival and growth
performance (see Fig. 4). After Hubbell & Foster (1992).
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Dcmographic trade-offs in a neutral model cx[:)lain
death-rate abundance-rank rclationﬂhip

I = 1.3 " 1.2
Kul Lin, Da-Yong ZHANG, 7 aND FancGrLiang He

' Srare Key Laborarory of Eartl Surfoace Processes and Resource Ecology and MOE Key Laboratory of Biodiversity Sciences
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Different but equal: the implausible assumption at the
heart of neutral theory

Drew W. Purves' and Lindsay A. Turnbull?
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A NEARLY NEUTRAL MODEL OF BIODIVERSITY

SHu-RonG Znou'* aND DA-YONG ZHANG '

'State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing Normal University,
Beijing 100875, China
*Laboratory of Arid and Grassland Ecology under the Ministry of Education, School of Life Sciences,
Lanzhou University, Lanzhou 730000, China
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Abstract. S. P. Hubbell's unified neutral theory of biodiversity has stimulated much new
thinking about biodiversity. However, empirical support for the neutral theory is limited, and
several observations are inconsistent with the predictions of the theory, including positive
correlations between traits associated with competitive ability and species abundance and
correlations between species diversity and ecosystem functioning. The neutral theory can be
extended to explain these observations by allowing species to differ slightly in their competitive
ability (fitness). Here, we show that even slight differences in fecundity can greatly reduce the
time to extinction of competitors even when the community size is large and dispersal is
spatially limited. In this case, species richness 1s dramatically reduced, and a markedly
different species abundance distribution is predicted than under pure neutrality. In the nearly
neutral model, species co-occur in the same community not because of, but in spite of,
ecological differences. The more competitive species with higher fecundity tend to have higher
abundance both in the metacommunity and m local communities. The nearly neutral
perspective provides a theoretical framework that unites the sampling model of the neutral
theory with theory of biodiversity alfecting ecosystem function.
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A meta-analysis of species—abundance distributions

Werner Ulrich, Marcin Ollik and Karl Inne Ugland
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Figure 1. Basic shapes of species—abundance distributions in

Whmaker (A) and Preston plots (B). Black dots: lognormal shape;
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3 Phytologist Research

Whole plastome sequencing reveals deep plastid divergence and
cytonuclear discordance between closely related balsam poplars,
Populus balsamifera and P. trichocarpa (Salicaceae)

Dhaisie L. Huangl’z, Charles A. Hefer?, Natalia Kolosova', Carl J. Dougl:;sl and Quentin C. B. Cronk"?
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