334 Part Four

jospherc. Cambri CHAPTER |4
W. C. Clark, and M. R.E., eds. Sustainable development of the biosphere, Cambridge, UK,
idge University Press. o , . ;
_::_m_o.wc. Cross-Scale Morphology Geometry and Dynamics of Ecosystems. Ecological Mo
1447502, . . . 4
m?:u_“MMA ﬁ:.:_H:::ﬁ.:a complex—the paradigms of ccological function and structure. Fu

26:598-609. S . . . 9
Hul 74»__ S. P 2001, The unified neutral theory of biodiversity and biogeography. Princeton Universs
ubbell, S. P. 2001, ] ]

Compcting Theories for Competitive
Mectacomunuuitics

Jonathan M. Chase, Privangs Amarasckare, Karl Cottenie
Andrew Gonzalerz, Robert . TTolt, Marcel Hobvoal,,
Martha F. Hoopes, Mathew A, Leibold, Michel Loreau,

Nicolas Mouquet, Jonathan B. Shurin, and David Tilman®

Press, Princeton, N.L S _ . .
§ h, J. W., and J. Faaborg. 1980. Saturation m bird communitics in the West Indies
borgh, J. W, 2 . Faa .

Naturalist 116:178 195,

Ter

Introduction

gutral modecls. These have heen utilized to address some of the m
dquestions that ccologists ask: what factors influcnce the maintenan
Iy, variation in specics compaosition, and the relative ahnindance
.nbmammmo::_ spatial scales? TIubbell's (2001) tre:
the focus of much recent interest and del

e

ecological principles such as differences amang species” traits (o
11,2003; Whitlicld 2002; Norris 2003: Chave 2004)
el frameworks, with fundamentally different assumptions (namely d

communities (c.g., Hanski and Gyllenberyg 1997; Chave of
gtand Lorcau 2002, 2003; Chasc and Leibold 2002 Wilson of 4l 20031, |

afic assumptions and predictions thev make. We then rev

lnce of species interactions other than just competition,

Berof authorship after the first is alphabetics

metacommunity framewaor ks are introdneed by Holvoak et al. in chapter |1
Leibold et al. (2001): the patch dynamic, species sorting, mass cficcts, and
fundamen-
ce ol diver-
of species at lo-
atisc on his neutral maodel has
ate, most likely because of its suc-
n predicting wultiple pattcrns in natural communitics despite its omission
, Bell
However, cach of the other

.,Ezo:m species in key ecological traits), can also predictmultiple patterns in
: L2002 Mou-
nthic
pIEr, we give an overview of the four metacommunins frameveorks and the
cw the empirical
gence available and discuss what is needed to differentiate between the pre
ttions of the various frameworks. Note that throughout, we anlv consider
elitive metacommunitics; that is, species interactions only occur through
etition. We thus ignore important advances incorporating into nmictacom -
nities food web interactions (c.g., Holt 1993, 1996, 1997, 20072: yeviewed in
#tand Hoopes, chapter 3) and mutualisins (Amarasckare 20047, Future syn-
Besof metacommunity ccology will be greatly enhanced by recognizing the im-
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Thereisagreat deal of interest in devising empirical tests that can con

Theorics for Competitive Metaconmunities

g t Table 14.1 Summary of predictions from the four frameworks

assumptions and predictions of the various metacommunity model frame

Maodel Prediction

However, in many cases several competitive metacommunity models can g Neutral

Patch dynamics

identical patterns cven though they make fundamentally different assus
To date, most empirical tests have either validated a particular assumpti
the form of a trade-off among species), or used a single pattern (e.g., o
abundance, composition) to support, or more rarcly talsify, the various hyp
ses for how metacommunities are structured. We believe that a more infors
way to evaluate the various frameworks is to recognize two points: (1) Asw
all of the frameworks are likely to be acting simultancously, and a reasons

Extinction and
colonization
balance’

Extinction and

speciation Lalance?
proach is o evaluate the relative importance of the various processes, nots
they are right or wrong as ancabsolute. (2) A pluralistic perspective mr.__.....
all available evidence concerning the validity of both assumptions (e.gy
heterogeneity, dispersal rates) and predictions (e.g., diversity, relativeaby

Zero-sum
multinomial

. . . . . : skewed toward
species composition, invasibility, stalility). Although such a pluralistic pé ABR specics)’
the strict falsifiability criterion often desired by ecok

when testing the various metacommunity frameworks (e.g., Bell 2003; Mg

tive doces not allow

- Increase
2003), it will be very uscful when comparing processes and patterns acrossa
. . . s
n_.v, w?ﬁomvic_: types and at large f._d.u:..__ scales. Quantitative tests of moded - Decrease
dictions are much stronger than qualitative tests, but they are much moreds :
to conduct for metacommunitics because the theories often involve ma Decrease™”

rameters and species. Therefore, we concentiate our discussion on qual
lests. :

In the remainder of this chapter, we will first review the key assumpti

Return immediately

Random walk

to test the various hypotheses. We will conclude that aspects of the assumg
and predictions of cach model {ramework will be observed in different
systems and at dilterent spatiotemporal scales. :

Variable

Variable

Key Assumptions and Theoretical Predictions of the Models

Extinction and
colonization

halance

Depends on
competition-
colonization
trade-off

Variable depending
on level of
migration and
degree of

interaction'

Humyp shaped?

CASC

Global: no effect
1 ocal: decrease

Unpredictable

Return following

successian

able

wic unless

environment

changes

We begin with by discussing the key assumptions and predictions of the

model frameworks, which are summarized in table 14.1. We specifically focus
] -

fons without superscripts

predicted patterns of local and regional diversity, the effects of migrationrz
local and regional diversity, the cffects of migration rates and distance amon
calitics on p-diversity (a critical scalar between local and regional diversity, ind§
cating the degree of specics compositional dissimilarity among local commus
ties [Shurin and Srivastava, chapter 17]), the cffects of local- and regional-scalé
disturbances (density-independent events that cause significant mortality) on i
transient and final community structure, as well as how local and regional com
munity structure fluctuates through time in the absence of any correspond

cted by the met
wnity invasibility, but we
Atthe outset, one of the
sttern can be predicted by

Bell 2001; "Chave and Teigh 2002:

onmental change. We note that there arc a .
acommunity models, such as patterns of range size and com-

have left these out for brevity.
most striking abservations fram table 141 is that every
more than one model framework. Thus, using Jata

Species sotting

Mass effects

have et al. 2002; *Mouquet et al.

Depends on

species interactions

Same as above and
degree of habitat
helerogeneity

Variable depending
on environmental
conditions

No effect
No effect
No cffect

Return
immediately

Return immeediately

Static unless

environmrent
changes

Same as above

Depends on spec ics
interactions and
Jance between

extinction and
colonization

Same as above and
degree of habitat
heterogencity

fariable depending
on level of

migratio

I fump-shaped”
Decrease’

Glabal: decrease”

Sdecrease

Return fll

SUCCCSSTON

Return following

SHCCCSS10N
Static unless
envitonment
changes

Same as abeve

are speculation nat yethacked up by specific theory.
2002: Mouquet and Torean 2003

rariety of other phenomena pre-
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from only one pattern will not provide a rigorous test in support or reful

in most cases, theoretical models b
crated the predictions discussed below, there are not explicit theore

any of the model frameworks, While

tions for some of the responses of cach model framework. For exampl
Mouquet and Loreau (2003) have theoretically examined many of the pal
expected when metacommunity dynamics are dominated by mass effects, g
patterns arc notas well explored for patch dynamic processes. Likewise,
responses to disturbance have been used to differentiate neutral mode
niche models (e.g., Flubbell et al. 1999), the specific responses to disturbang
some model frameworks (c.g., the mass effects framework) have not bee
plored. In these few cases, to be complete, but short of developing novel t
ical predictions, we have speculated as to what the predicted responses am|
likely to be for the model frameworks. Future theoretical work should veri
and other related model predictions. Finally, although our discussion will
rily focus on the most basic versions of cach framework, a variety of com e
have beenadded to cach metacommunity framework, such as density-depen
to the neutral model (Chave et al. 20023, and heterogencity to the patch d
ics model (Shurin et al. 200:0). Flowever, to compare among the predicti
some circumstances, we include in our discussions some of these alterations

i

allow them to fit more complex situations.

Nentral Framework .
2]

Neutral models assume that individuals of all species have equal net fitness (g
of birth, death, and competitive exclusion; this assumption is often thoughtl

(. " -

synonymous with all individuals of cacli species being identical, but tec
not). The first application of the neutral model to ecological processes:
I1(1976), but the majority of the predictions and assumptions we dis

0

Caswe
below are derived from Hubbell (2001). Note, however, that all neutral 1
do not make the same specific assumptions or predictions (see review in G
2004). In Hubbell’s neutral model, species play a zero sum game, where there:

a fixed number of individuals (of all species) that can exist in a metaco

Because individuals are nentral with respect to their fitness, there is no sta
cquitibrium that allows individual species to coexist indefinitely. Instead, ea
specics is on a random walk to extinction. However, at the metacommunity leg
so long as immigration and speciation occur on a fast enough time scale, theyg

balance extinction rates and maintain high levels of species diversity in any givg

among localitiesin
specices’ birth or de

locality. This model also assumes that there is no variation
sort of environmental conditions that vwould inffucnce a 3
rates. : »
Because neutral models predict that species abundances vary through i :

many of their predicted community patterns also vary through time. Thus, the

predicted patterns are usually considered as a long-term average. Some spee

AN

-

jzed dispersal implics

ndance of any particul

Jong as there is a trade-off among species’ relative

ad compcting in patches (
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Is (Bell 2001, 2003 TTubbell 20015 Chave and Eeigh
iR

o

jons of neutral mode . !
Chave et al. 2002; Volkov ct al. 2003; Chave 2004) indlude the followin
ocal diversity should increase with increasing rates of migration {con-
s with MacArthur and Wilson's

) among localitics. This is because, a and

equilibrium theory of istand biogeography, increasing i _::_m:,:_,_;:. :.:cx
: 5CS local diversity so long as death A/cx::.n:::v rates arc C.:Jr::. ! _f._,_:,.‘

assumes that dispersal is limited. 1f dispersal were unlimited (that is,if
sets have an cqual probability of rcaching any focality within a metacom
i v local diversity would he Tow hecause no differences among _J,Q_ con:
ties could develop. (2) Regional diversity should increase with increasing
on rates in the metacommunity, but at a constant ratc of speciation,
al diversity should decrease with increasing rates of dispersal. H_._:m is be-
ncreased dispersal hastens the tinie to local extinction, which :*___‘;,cn.._.ﬁ_ﬁn
nal diversity. This also depends on localized distu rhance, whereas il d tur-
The neutral model predicts

ocalitics and with Tower

e were global, diversity would again be low. (3)
B-diversity will increasc at greater distances among, | .
ersal rates. Again, this ascinmes that dispersal is limited and /or _:p.,;__.\c; Cc,
“dispersal limitation”). If dispersal were unlimited ina
model, there would be no specific effect of dispersal rates or distance on

ity. (4) Withina metacommunity, disturbances that are more widespread
itics. Composition is

(5) Therelative

tend to lead to more different postdisturbance communi

ed to change less with disturbance than relative abundaice.

ar species will change through time duc to stochastic
. . . . N N . . v . ﬁ .I

s. and be uncorrelated with variation in environmental conditions. Nci

’ - . . .

th variation in cnviren-

diversity nor relative species abundance will vary
atal conditions, because this model framework assumes that species” dynam-

2 not responsive to heterogencous environmental canditions.

Patch Dynamiic Framcwork

the neutral model, the patch dynamic framework implicitly assumes that

e is no spatially fixed variation in the environmental conditions among
thes. at least in the context of what is relevant to the inferacling orgaimsms. In
) s

dition the patch dynamic framework asstnies that cach species _:7,.: _,_.::n rate
extinction in a patch. When there are no differences amaong species in traits,
.?Rr dynamic framework converges with the neutral model and predicts :::
dies cannot coexist indefinitely (Yuand Wilson 2001; Chave et al. 20012). Sev-
Imodifications from this limiting casc allow coexistence (Amarasekare 2003).
example, specics can coexist under many (but not all) ?:...:F..F,._. values so
abilitics at colonizing patches
Tevins and Culver 1971; Hastings 19805 reviewed by

ouquet et al., chapter 10). o
The simplest patch dvnamic model predicts that any local patch (a microsites
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.m to maintain their populations. FThat is, species sort themselves so that
S in its favored environment (e.g., Tilman 1982; Chase and Leibold
is, Tocal and regional cocxistence depends on types
actors, and the nature of species
gnores the role of dis-

table N_._.v will be unoccupied (diversity = 01, or occupied by one indi
. . . . ’ g
Wc_“: ,:ﬁ_w: of one species (diversity = 1) along the competition-cok
rade-off (sce also M al,, ¢ hi k: |
b c:.nQM ; iﬁ.c 7:.:5:& ct al., chapter 10); this does not allow us fo.es faspecies sorting made
cets of nugration rates, disturbance, et ¢  lock ;
c effects of migratic s, disturbance, et cetera on patterns of Joca ariation i  fimili
.ﬁor_c:.__ diversity like in the other model frameworks. Thus, we considerab e s s apprond
K . - . . o v 1
:W. to ncﬂ_mﬂ of several microsites within a restricted area, and a ﬂmmmon.
of several localities. Specific predicti : nam p
ictions of the patch dynamic :
rallo : q amic frame .
m::: several published sources (ITastings 1980; Tilman 1994; Yu M.E_m
001; Mouquet et al. 2002; Shurin ctal. 2004) as well as some wto‘nEm o
100

§in competitive abilitics. This approach gencerally i
dispersal per se does not alter the predictions
assumc that dispersal is frequent enough
rare capable of

explicit process, because
sodel. It docs, however, implicitly
all species arc ablc to -apidly reach every locality where they

wce. even when those localitics are rather favapart. An upper limit on dis-

the following: (1) Local diversity i 1
: ocal diversity is a hu ’ : ; o

i SIty 15 mp-sha s .
within the region; local diversity should in no to.g_ function of dispy Lalso assumed, such that dispersal docs not perturb abundance or com-

.. Sty d mcrease with rat f migrat - P I BHI
locs N . . ates of my 0 - B - G

calities (connectance) until the point when levels of migrati o - ay from their within patch .9_:____:3. .
gration are so high ficpredictions of a species sortingm tacommunity (Tilman 1982; Chase

c
) regional diversity will be fairly in-
ities. (3) B-diversity among localitics
ariation in environ-

fhold 2003) arc that (1) local and (2
unt of rates of migration among local

e less dependent on rates of migration than on the
If environmental conditions are spatially

it il environ-

species are dri ,.. .
pecies arc driven extinct from the region. Thesc species can be the po
persing species if the more rapi i i : . -
S rapidly dispersing species’ i
. spersing specics’” advant
persing specics: mo; gsp advantage is enhan
m_ ; overall rates of dispersal, or the better dispersing species can be
f/«— H ~ryet H Mg .. Ny M ] ) ) ;
_cmS_:ArN_vfm_:m dispersal rates if a limit on dispersal speed is reached (Ha
. cgional diversity will decrease with i i mi .
sity ccrease witl increasing rz f
causc local displaceme ¢ i Hinetely e
al di nt occurs more rapidly ; !
el E dlv and ultimately f
persist in the metacommunity. (- i ity lities will norl
mity. (3) B-diversity < iti 2y
: . y. ( sity among localitics will :
distance (or dispersal 1 i i ense pacch drmeg
spersal rate) among localitics. This i i
es. This is beca ynamics
els (to date) explicitly \ i : ol
| 3 y assume that alt disp i : .
tially explicit structure :‘_c_,ﬂc._r.:. I, ¢l * oﬂm;___m m__wc.__ e
. ‘oak etal., chapter 1). If instead, di e
localize o ’ - Instead, dispersal were
o A_ _‘?r _:E modcl’s predictions would be more in line E_.:__:Emn om. .
odels where -diversity incr ith i .
e _, F_q.o B-diversity increases with incr wasing distance among s
a locality within a mctac ity is di it . nB_In.e
. ) acommunity is disturbed, it i ictable
o peality within a n : y is dis d, it is unpredi i ari " ime
y _mﬂ_.d species will recolonize any given microsite, although it mm*:r& that o s o e
vzation specialists (pi - speci i m :
on specialists (pioncer species) will exist in more icrosites mw :
L]

2l conditions among localitics
arrelated, then B-diversity will be correlated with distance, I
conditions arc not spatially autocorrclated, then p-diversity will be in-

sdent of distance; this also assumes that dispersal is not localized, 2:7.:
(4) If a locality or an entire

d cause B-diversity to be distance dependent.
0 isturbed it will return to its previous state retatively quickly
fing transient dominance by specics that are better colonizers (pioneers).

o5’ relative abundances will be relatively constant through time, so long

s onmental conditions remain constant; they will vary predictably if the

unity is d

The Mass Effects Framework
effects framework (Amarasckare 2000 Amarasckare and Nisbet 20013
ot and Lorcau 2002, 2003) assuimces that there is envitonmental hetero-
ty, and that specics (rade-ofT such Uiat they are favored insome habitats but
hers. Furthermore, a specics can persist as sink populations in patches
grethey are not favored (if theyare maintained by immigration’ and that spe-

wary in their relative ability to compete in and colonize habitat patches.
cal and regional diver-

.?:w:::m the disturbance. Alternatively, if most of the region (met
HHM__MM_M.*_%Q, :SV,AEEE will show transient succession from go_:omhmnmn_w_.u_* _
ing (pioncer specices to eventual coexistence of ¢ ;
m_mon_o.m in the same proportions as their predis ___.m:mmﬁu,_mha__\%um w:.m noE..
t .ma_w::dm:no hasa similar effect on all specics). (5) f,_:ioﬁ.m. M.:mo:é &
MH_F_V_MMHWJ:_“.c:.ﬂg time locally ducto the ,,,Ec_:_,,,:.nmm«, A,%nc_o_,:wmﬁm%”mn”w _ ..a.m
ses, but will remain more static me i cale S

e oy bt el remain i uroc”“ﬂr.:Jo.:m: ::._o at _r.a wom_o:m_ scale. ._ athe mass cffects framework, dispersal can influence 1o
conditions, because this _::;”u_ fr: ,9. change with variation in cnvironme aswell as the composition of species. Specific predictions pased o e
I ramework assumes that ,ﬁﬁccmcwv ﬁ_v‘:mamnmunﬂ.. - A_r hed sources Am..m; Amarasckare 2000; Ama -asekare and Nishet 200 1; 7\_25\1
de the following: (1) Lo-

responsive to heteroge ; :
n - tal condits :
gencous enviromuental conditions. tand Loreau 2002, 2003) and some 5| culation inclu
t y 3)and: Lspeculs
p-shaped function of dispersal rates within the region; local
cies can persist in habitats

diversity is a hum
...Qm:nag%m with increa
ere they arc not favored duc
mpetitors (dispersers) climinate other species. {
inunchanged from low to intermediate dispersal rates

Species Sorting Frarmework - :

sing dispersal because spe
o mass cflects until species that arc betlerre
2) Regional diversity should re-

. but decrease with high

In contrast wi i [
stwith the previous fr:
s frameworks, the specics i L i
species sorting framework explie gional

:_ 7 dSS ¢ cl i 1
V A. unies :_n: ﬂ__ﬁ~0 1¢ __h crogenet % It fir
,ﬁ,ﬁ : S e .f t : ( ) : ¢ cenvironment., _A:_ —TO_ :,_C—.m-
_um SISt 1 1€ _ abirtats 1n ac_:ﬁ__ ::u:. t .L:,ﬁ M:L m__~0_-ﬁ—_.c__f. W _ H—ﬂﬂﬂm .
1th o )
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Bell 2001, 2003; Hubbell 2001; Chave 2004). Specifically, at Jocal spatial
k the neutral model predicts a zero-sum multinomial (ZSM) pattern of spe-
abundance relationships (the relationship between species abundance
rank in species abundance). The ZSM is a lognormal-like distribution but
fewer common, and rarer species. At larger regional scales, the neutral
EE&_Q a log-scries pattern, or a ZSM; the specific shape depends on
ture in which speciation takes place (e.g., point versus allopatric speciation)
tire :EEQ::::::J‘. _ Towever, _cam_:_c, ,<_: go __:‘o:mr a A:nnmmﬂo:&. ell 2001).
suclt that better colonizing species will dominate immmediately after a distuet ubbe (2001) derived the ZSM, and then described several empirical cases
but the metacommunity will achieve a configuration identical to predisturbe .“__ eared to fit this refationship of species rank abundance better than a log-
levels through time. (5) Species™ relative abundance will be relative al relationship. However, Hubbell's analyses did not rigorously test which
through time at both the local and regional scales so long as environn esized distribution provided a better statistical fit to the data. Tnan aticrpt
mmedy this, McGill (2003) calculated a numerically iterative solution to the
Eomm_ in order to derive an expected distribution of the ZSM, which he
..».Esnm:v\ compare to a log-normal distribution. Using data from breed-
and Hubbcll’s own data from tropical trees on Barvo Colorado Island
ama, McGill (2003) concluded that in the majority of cases, the data
‘,.”._B.Em&ﬁm.n_ by a log-normal relationship, and thus were not consistent
Hubbell’s (2001) ZSM predictions based on neutrality. In response, Volkov
_ 1__ D3) derived an analytical solution to the ZSM and rebutted McGills con-
s by showing that a more tigorous solution to the neutral model's ZSM fit
sumptions or predictions of these models, often with particular referencel g on trees from BCI better than the log-normal distribution. In response (o
ifying or refuting the predictions of the neutral model (Condit et ki enne and OIff (2004) presented a statistical approach based on individual
Tuomisto et al. 2003; McGill 2003; Volkov et al. 2003; Clark and Me(la pgy and Bayesian statistics to show that the log-normal distribution
2003). In the next section, we discuss several empirical patterns that can mis sed a statistically better fit to the BCE data than the ZSM.
the underlying processes that structure metacommunitie . b BCI data are some of the best data available on species rank abundances in
adiverse ccosystem, and yet the debate as to whether they best fit a lognor -
orZSM, and whether those data can provide a definitive test of the .__QCQ:
Early thinking on abundance distributions was based on statistical logie ssremains unclear. The differences between predicted ZSM and lognormal
than mechanistic models. For instance, Fisher ct al. (1943) derived a log utions, when compared with the BCI data (figure 14.1) ave very subtle. In-
distribution to fit species abundances where the majority of species are in ‘Harte (2003) noted that the distributions arc ncarly indistinguishable, par-
rarest categorics. Alternatively, Preston (1963} supposed that data g gly at their tails, and that such minute variation amoung the model predic-
rank-abundances fit a lognormal distribution where the majority of spe L when compared with the potential measurement error inherent in the
rare, but not the rarest in a given community. The first mechanistic m may not provide the sort of definitive test necessary to refute or accept one
abundance distribution was MacArthur’s “broken stick model” based on over the other.
differentiation, which predicted a pattern of relative species abundance @ enmore problematic for testing relative abundance patterns is that nonncu-
the lognormal pattern (1957, 1960; sce also Sugihara 1980). However .,
thesc idcas combined the patterus of relative species abundance with ps
species diversity and composition, even though they arc obviously i
linked. Thus, onc of the great appeals of neutral models is that they are able
dict patterns of relative species abundance as well as species diversity and
'y

dispersal rates because locally competitively inferior species become
(3) B-diversity should decrease as localities become closer together or a
dispersal increase. This is because with increased rates of dispersal am
tics, specices that are better colonizers but poorer competitors are favored, e
less of variation in local environmental conditions so long as cach sp
a source _57:2. T: Ifa _CQ_:J‘ or :8 entire _:Sumo:_::_::< mm dis

the environment varies through time.
Empirical Support

Onc approach to distinguishing the relative roles of different processesis:
tify arcas where the models make qualitatively distinct predictions i
subjected to empirical tests. Sonme recent analyses have explicitly tes

Patterns of Relative Species Abundance

podels can predict species rank abundance distributions that arc indistin-
from the neutral model’s predicted ZSM. Chave et al. (2002), in an in-
albased model of patch dvnamics and trade-offs among specics’
etition and colonization abilitics, derived rank abundance relationships vir-
adentical to those predicted by the neutral model (figure 14.2; sec also Chave
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E“V,m _;_r.C:,ff Sw__.,ﬁc: et al. Ccc.i showed that niche-based Lotka-Vel (a) Neutral moce! (b} Nigfte-based moct
models produce a wide range of abundance patterns, including those & : ,

m:_m_EZQ from the ZSM, n_nte_:::m on the distributions of the underd ? 1Qf p— ] 10° -1
_..::o:%m. Although the log-normal distribution s most often used as thes 10° 10"
tive v 7CNA Foar . . - . - ’ i i
__ ¢ :., the N,f.Z for purposes of comparison, it is not at all clear that non density  10* 10"
theorics predict such distributions (Wilson ctal. 2003). Finally, the critica sendence 10 07
~ QNS Totyet - . » 31 i 4
c.q the \;fz distribution is the excess of rare species, which likely rep . .m 107 107
m_m_:,n or sink populations. The mass cffects framevork allows for the pos 3 10! / 1
anv specic g L . 2 10 10
of many ,ﬁ._v?:,ﬁ_vo;_u:_ﬁ_: population sinks, and thus a few common and = N
rarc species in a pattern similar to the Z5M (M = BT 10— 10° -
0 a lonter simiarto he 20| 1 (Mouquet and Loreau 2003) € o0 50 100 450 0 100 200 300 400 500
a long-term survey of marine fish cownmunitics, Magurran and : S
. . - . B g "
Amo_o,.i found that rare or transient species that were present only in some s ] 10 - " T
.m:: in some ycars showed different dynamics than those that were com a2 1
ound in all years. Thus, the rank-abundance pattern, in and of itself, is ' m 10 1o :
to be useful for differentiating among the processes operating in a gi Z 403 103
community. g 102 10? E
10" 10" :
AOQ aDsl]tl..—I\l»ll'l»l‘
35 4 o 200 400 600 800 1000 O 100 200 300 400 500
i Species rank
30 A .
7] 142 Rank abundance curves for a neutral model (1) and a model based on niche differ
2 Q 1 O i 5 (b) with (top) and without (bottom) density dependence. Bold Hnes are when disprersal was
% o g hal, while dotted lines are when dispersal was local. The fgure shows the similarity in predicted
w_. Q serns in the two very different model structures, Redrawn from Chave ctal {2002
e
— 20 + 7’
3]
1 4 ~ ’ < . . . N . . .
o 4 tterns of Species Composition along Envirommental and Spatial Gradicnts
a 15 e &
£ 4 putral models predict that specics composition will vary predictably with space
m 10 gﬁ diversity increases with increasing distance among jocalities), but not the en-
pment (figure 14.3a). Species sorting models predict that species compusi-

s varies with envivonment, but not spatial gradients, so long as cnvirnnmental
ation is not spatially autocorrelated (figure 14.3b). Alternatively, when envi-
Jated, species composition should vary with hoth

ents arc spatially autocorre
» and enviromment. Patch dynamic, species sorting and mass effects models
ot a mixture of the above two patterns depending on the assumptions made.
¥hen dispersal is globat, neither patch dynamic nor mass cffects and species sort-
‘82 models predict specilic patterns acioss spatial gradients, while both mass
(21,457 :1._:_5:27 in 225 species). The data are grouped into 12 logarithmic (Log,) intervals g 20d mﬁnnmnm sorting models .t_.cn:ﬁ /.:.:,m:::: n ,f.%nnmo,f, nc_:_d:mm::: N__C:.,m
on Prestorr’s 1948 method. The dotted line with open circles represents the best it .,ro.‘m ““M_s:_k. ¥, myironmental gradients. When dispersal is more localized, both patch dynamic

ad mass cffects models predict variation in species composition along spatial
Is predict variation

1 2 4 8 16 32 64 128 256 512 1024 X
Number of individuals (log, scale)

Figure : i
gure 14.1 Data on tree specics abundances from the 50-ha plotat Barro Colorado Island, P
“olurado Island,

tribution, where: solid li rith clos i
' | hereas the solid line with closed triangles represents the best it to an analytical salution
10 nel T . - Iy e ) ‘ i

¢ neutral models zero sum multinomial (ZSM). The authors conclude that the solid line ZSM1

B . . .
« data be sradients, whereas only mass effects and species sorting made
the data better than the Jognormal. Redrawn from Volkov et al. (2003) < V k ! )

I species composition along cnvironmental gradients.
3]
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(a) Neutral Model (b) Species Sorting Model pcies sorting or mass cffects models. However, the majority of studiesin thisre
.nnm:i:mg patterns of specics composition along spatial transects so that the
2 foy g of space versus environment, and the underlying processes that determine
E ® es compositional turnover, could not be disentangled.
M m nalyses attemipting to discntangle the role of space versus environment
(7 0 grmining patterns of species composition have shown mixed support. Condil
2 £ i ANooNv and Tuomisto et al. (2003) sct out to explicitly examine variation in
] 3 scies composition from site (o sile as distances among the sites inc reased i
m m P .-,.. plants (sce also Terborgh ctal. 1996). Both studics were primarily focused
nw % ; pmparing Hubbell’s neutral model, with * iche” models (akin to svhat we call
Distance gradient Distance gradient sorting). Both found that although spatial distance played a role in deter-
fing variation among comuunity composition, there was a considerable
gunt of variation that could not be explained by distance alone. Taomisto et al.
3 = step further, measuring differences in environmental conditions along
= = spatial distances, to cxplicith examine whether the spatial drift processes ex-
E E din a neutral model could override variation in environmiental conditions,
2 > er different species” pieference for different environmental réz_:_c:m
= L= e overriding process influrncing variation in species composition fromssite
m m ﬂ:&‘ moc:ﬁ_ that while there appeared to be some spatial correlation inspe-
m m position there was a strong overriding effect of site-to site environmen-
o o fation. These results suggest that species sorting played a stronger role than
Environmental mmm&m:n Environmental mqmn__oa« ersal limitation in shaping communities, and perhaps are most consistent

Ao

593 himodels that incorporate both cnvironmental varialion in species tolerances
Figure 14.3 (a) A scheme depicting the general prediction of the neutral model that community &8

erent habitats and spatial effects; that is, mass cffects iodels.

.. ar analyses have compared the relative roles of environmental conditions
s spatial configuration in other types of “svstems. Borcard etal. (1992) devel-
methodology for detecting the role of environmental versus spatial com-
...._; in patterns of community structure. To illustrate their procedure, they
atterns from plants, moss invertebrates, and bacteria, and found that both
e and environment cxpliined a signilicant proportion of

position should vary with spatial components {tap), but noteny ironmental variation (bottom
scheme depicting the general prediction of the species sorting modcl that specics 85@858
not vary with space (top}, but will vary with eny ironmental conditions (bottom).

Although comparisons af metacommunity models have reinvigorated st
on species compositional shifts along spatial and environmental gradie nts
Condit et al. 2002: Tuomisto et al. 2003), the conceptual foundation for such
ics is quite old. Clements (1938) and Gleason (1927) disagreed on whether
munities were consistent consortia of species or individuals whose response
environmental variation randomly overlapped, but they both focused @
species composition would vary as environment varied with little considen
for dispersal limitation. A review of studies by Beard (1955), Whittaker {
Chalbot and Mooney (1985), and others s showed that terrestrial Em::m. .

o variance in
fiescomposition. Pincl-Alloutetal. :cfvé:oég zooplankton community
fture across a large regian of lakes, and also found that both space and envi-

pental conditions _:_r_q:cc; patterns of community structure. 1Towever,

p wal and environmental components were confounded in this study, because
aunities that were mare distant from cach other were also more dissimilar
1 onmental variables. Coticnic and e Meester (chapler 8; Cottenic et al.
B) compared the role of environmental versus spatial determinants of 700-

on community structure in a series of interconnected ponds and fornd that

sorted along major environme ental gradients in both tropical and temperate!
tats in ways that show a strong correspondence between the pattern of the sos
and plant traits involved in resource competition (Tilman 1988). Ina there was a significant cficct of space, local environmental conditions
view, Leibold and Mikkelson (2002) found that along environmental gradiess
majority of studies from a variety of plant and animal communities showed o

sistent patterns of turnover in ﬁtnm_nf composition. ' his is consistent with €&

id alarge rolc in determining patterns of species composition and diversity.
despite the fact that rates of dispersal were quite high among ponds (in-
the possibility of mass cffects). Similarly, Kunin (19981 examined pat-
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terns of plant species composition amaong habitat patches that were part of awes

indisturbed (gap) and undisturbed (nongap) arcas. They found that species
long-term experiment of nutrient manipulations in gr: asslands. Fe found ths eisity did not vary between gap and nongaparcaswhen the data were corrected
though there was evidence for spatial effects, particularly among directly adja b the higher number of stems found in gap arcas, and supported the view that
patches, environmental v ariation played the strongest role in de FS:EEw ersal limitation inherent (o neutral :::_07 pln s a stranger role than niche
terns of specics composition. Overall, these exa mples lend support to the nos erentiation. Alternatively, in other tropical forests, Vandernieer et al. (2000)
that both space and environment influence specics composition. This is incos : Zc_:,o and Sabatier (2001) showed that the response of tree species compo-
tent with the neutral and the species sorting models, but more consistent wilh ,.: and diversity to small and large-scale disturbances was more akin to the
tions of niche-based models where species differ in their relative ability to
y __. e open habitats. Finally, using data from the same site (BCH) as Halbell
1999) and including data from woody lianas and pioncer trees in addition
Some evidence exists that can be used to evaluate the predictions of differeat€ r.._.n»o_mEE specics, ,fr,_:_:xc_‘ and Carson (2001) found that gaps appeared
persal rates on patterns of local, regional and f-diversity (table 14.1). ‘astrong role in the maintenance of species diversity.
(1997, 1999) compared plant diversity between continuous patches of serp : m.m:mam:vn Mackey and Currie (2001) reviewed the literature on (he
grasslands and isolated fragments that were subject to less dispersal amon L wma_ﬂzavm:mm on patterns ol diversity fronta varicty of communities. De-
She found that both p- and regional diversity were lower in more intercos the common notion that disturbance should alter patterns of species diver-
communities. In surveys of wetland amphibians and macroinvertebratesy potably by reducing the abundance of competitively superior species and
(2003) found similar ﬂ_cm_d:,ﬁam of B- and regionat diversity and increases i8 mnmo:mma An.o_::mi.:ﬁ species to persist, they found that such responses
diversity in more closely aligned communities. In addition, mxtm.l:ﬁ:ﬁ clatively rare in the literature (Tess than 20% of studics). Furthermore, they
on protistsinhabiting pitcher-plant cominunities s (Kneitel and Miller 200 .n_um: approximately 359 of studics showed no effect of disturbance on spe-
and Kneitel, chapter 5) and zooplankton in mesocesms (Forbes and Ch _1... nichness; a result E.N: Hulibell et al. (1999) m5:_::9_ o dlispersal Timitation
have cxperimentally manipulated connectance among local comm ._ - .m_.w.aonmmma.m. Phus, there appears to be little consensus on the responses
found increases in community similarity (decreases in B-diversity) an and ded nunities to disturbance.
in regional diversity with increased rates of dispersal. Alternatively, ..
(chapter 6) found that increased levels of habitat connectivity increased Joe
ﬁom_:_z__:_Co._:_:o_:z_ diversity (Gilhert ctal. 1998; Gonzalez etal. 1998
ren (1996) found similar increases in local diversity with dispersal in expe
tal microcosms. Again, all of these results, inand of themselves, cannot §
cally support one model over others that make similar predictions, buts
used to eliminate some possible mechanisms. For example, while som
results could be used to support neutral, patch dynamic, or mass effects:
specics sorting models make no predictions about the role of varying ra
persal on patterns of composition and diversity, and thus are Eﬂ_w

k-

predictions of the mass effects model.

data exist that were collected over timescales that ave appropriate for eval

,Em?&_n:o:m of the metacommunity frameworks on community change
gh time. However, these sorts of long-ternt data mav be particularly useful
ping to differentiate the neutral model from the other model frameworks.

#and McLachlan (2003) recently tested these ideas using relative abundance
temperate North American trees from historic pollen records. They found
awing glaciation, populations rapidly stabilized and were unchanged over
poral scales. This result suggests that these communitics are more per

Lthrough time than would be predicted by neutral madels (but see Volkov
.1.,_ 04] for criticisms of this analysis).

£

appropriate for these particular systems.

’ ity C ition T’ 1 Conclusions
Patterns of Conmuunity Compasition Througlh Time and FollowingD

Several studies have used data on species diversity and composition model frameworks overlap in their predictions for empirical patterns, and
small- and large-scale disturbances to discern which of the metac ..,.mns. patterns can defmnitively .n__A?Q.nE_.,:n anmiong the models. _.:7_.:?,7
frameworks is most appropriate (c.g., Hubbell et al. 1999; Vandermeef &t different systems have shown differential support for cach of the frame-
Molino and Sabatier 2001; Schnitzer and Carson 2001; Pitman et ak 3 and thus no single _:.A:_c_ scems most informative. 1he challenge is 1o
viewed in Brokaw and _w:f_:: 2000; Sheil and Burslem 2002). Here, b8 more general, synthetic, and unificd model that incorporates appropriate
bance, we mean a discrete density independentmortality event thatisi it each of the model frameworks and recognizes that there will be varia-
a community, but then relaxed. Hubbell et al. (1999) sampled gaps g systems.

Jarger forest matrix at BCT to examine the prediction that species dive

to such a synthesis, we suggest studies of species diversity in meta-
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communities may parallel those on genetic diversity in populations (Hastings
and Gavrilets 1999; Amarasekare 2000; McPeck and Golmulkiewicz, chapter 15}
Several nr;mom of population genetic models deal with the interplay between neu-
tral and nonncutral processes that decrease diversity, such as drift and selection,
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