CHAPTER 1

b Metacommunities
A Framework for Large-Scale Connmunity Lcology

.. ..._. Marcel Holyoak, Mathew A. Leibold, Nicolas Mouquet,

e often striking, inspiring awe of nature and fostering a desire to con-
iversity. Understanding such patterns has crucial practical utility, for
part of the ongoing quest to understand the role of biodiversity in eco-

c global change provides a strong motivation to articulate the mechanisms
ing and maintaining biodiversity.

rersity is structured by processes operating at several hierarchicat scales,
g populations of individual species, interacting populations of different

mry production; Nacem et al. 1999; Lorcau 2000). Dealing with anthro-

fms (e.g., indirect interactions, levels of ccosystem functioning). The patterns

diversity that we seck to understand are also innately spatial, scaling from
ems to landscapes and cntire biogcographic regions (c.g., Wiens
1992; Holt 1993; Rosenzweig 1995; Maurer 1999; Hubbell 2001;
nd Leibold 2003). Surprisingly, there are many gaps in the empirical and

ftical knowledge that could logically explain the dynamics of entire com-
lies in spatially structured habitats (c.g., collections of fragments). This
s at filling some of these gaps by highlighting the emergence of a new fo-
cologists working at this level of organization--—what is known as “meta-
ity ecology’
inds of patterns we seek to explain are established by existing crpirical
for instance, by studies that mecasure species diversity locally (o-
), among-localities (B-diversity) and vegionally (y-diversity; Whittaker
gurran 1988). Especially interesting are cases where such patterns of
ity are linked to changes in composition and related to environmental fac-
i ...._...nu environmental gradicnts. We argue that a complete theory for specics
ity would have the potential, as is appropriate for the study system, to ex-

y
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* How diversity varies at different scales ranging from that of single point samples,
through clements of spatial and teraporal turnover over different scales, to the
regional scale. Most community theory is focused on the “local™ scale and much
less thought has gone into explaining diversity at other scales (e.g., Pimm 1982;
Polis and Winemiller 1996; Morin 1999),

* How diversity is refated to other major features of communities and ccosystems
such as trophic structure (allocation of biomass into different functional
groups), and rates of flow of materials through food webs and ecosystems. Again,
much of “diversity theory™ (c.g., Whittaker 1960; MacArthur and Wilson 1967,
Magurran 1988} is focused on explaining patterns in the number of species with-
out relating this to the ways these species participate in other important ecolog-
ical processes.

*How patterns of diversity at different scales are related to processes involving dis-
persalas it affects cither colonization rates (rates of introduction of novel species
into communities where they were previously absent) or population dynamics
per se (frequently involving mass effects, rescue effects or source-sink yelations
among different local communitics—see table 1.1 for definitions of italicized
words). While much recent work has explored the effects of dispersal in a picce-
meal fashion there is still much to do to understand the full spectrum of disper-
sal-mediated dynamics that might occur among interacting species at different
spatial and temporal scales. This question builds on the foundations of island
biogeography and metapopulation theory {e.g., MacArthur and Wilson 1967,
Hanski and Gilpin 1997; Hanski and Gaggiotti 2004).

This book aims to begin to provide a body of work that can address all of these
questionsina unilied way. We encourage readers to think broadly about the kinds
of empirical, theoretical and synthetic work that can contribute to understanding
species diversity and the spatial structure of communitics, coalescing around the
theme of metacommunitics.

During the last few years ecologists have increasingly questioned whether the
existing conceptual framework of community ecology is adequate for describing
the dynamics of communities that are connected across space. The metacommu-
nity concept has emerged as a new and exciting way to think about spatially-
extended communitices. It leads us to ask novel questions about the mechanisms
that structure ecological communities and that create emergent patterns, such as
patterns of species diversity and distribution. A metacommuoity can be defined as
a sct of local communities that arc linked by dispersal (FHanski and Gilpin 1991;
Wilson 1992; table 1.1). In turn, a commmunity may be defined as a collection of
species occupying a particular locality or habitat. These definitions describe a hi-
crarchy of scales and emphasize the ways in which processes occurring at smaller
scales interact with thosc at larger scales (e.g., Levins and Culver 1971; Vander-
meer 1973; Crowley 1981; Law ct al. 2000; Mouquet and Lorean 2002). It is these
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interactions among processes at different spatial scales that are central to meta-
community thinking and that form the core of this book.

This introductory chapter has five purposes. First, we claborate on the moti-
vation for studying mctacommunitics. Second, we flesh out the metacommunity
concept by building on the definitions above. Third, we provide a set of defini-
tions in table 1.1 that facilitate discussion. Fourth, we describe four conceptual
models that help to simplify thinking about metacommunities (following Ieibald
etal. 2004). Fifth, we highlight the variety of ways in which metacommmunities are
being studicd by introducing the rest of this book.

The Need for the Metacommunity Concept

This book arose because of empiricat and theoretical gaps in the ccological litera-
ture that could limit the success of both pure and applied ccology. This section
describes some problems that indicate the need to consider the spatial dynamics
of communities.

A good example of a classical community ecology concept that has been mis-
leading because of our failure to explicitly consider spacc is the intermediate dis-
turbance hypothesis (IDH) (Connell 1978). The TDH is the most frequently cited
nonequilibrium mechanisim of species coexistence (Wilson 1990), and predicts
that species diversity will be greatest at intermediate levels of disturbance. In
thirty-six empirical studies (Shea et al. 2004), what counted as “intermediacy™ of
disturbancc was defined in terms of intensity (seventeen cases), frequency (thir-
teen cases), time since disturbance (three cases), extent (twao cases), and duration
{one case). However, ol twenty seven published emipirical tests of the TDI, only
ten (37%) showed the predicted refationship of maximum species diversity at
intermediatc disturbance (Holvoak, unpublished data). Furthermore, Roxburgh
etal. (2004) pointed out that disturhance per se is not the coexistence mechanism
involved in the IDI. Instead the storage effect and relative nonlinearity {see table
1.1 and Hoopes ct al., chapter 2 for further explanation) are the mechanisms of
coexistence; thesc may be independent of disturbance in many systems. "the lack
of congruency with the TDI in many empirical tests is therefore not surprising
because disturbance is not necessarily the mechanisim of coexistence even when
disturbance influcnuces communitics! Roxburgh et al. (2004) made possible the
identification of cocxistence mechanisms by searching for indicators of relative
nonlinearitics and the storage cffect within spatially explicit models. na hucid re-
view of empirical studics, Shea etal. (2004) began the search {or such mechanisims
and clarificd the role of disturbance in pature. Our initial ideas about the TDII
{e.g., Conncll 1978), and their recent reinterpretation (Roxburgh et al. 2004; She:
etal. 2004), arc a good example of where taking a closer look at spatial dynamics
has led to important new insights.

A second motivation for studying metacommunitics comes from our desire to
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conserve biodiversity in landscapes experiencing fragmentation. Habitat frag-
mentation creates patchy landscapes in which dispersal may be required for per-
sistence, and is acknowledged to be an important factor driving the loss of bio-
diversity (e.g., Wilcove et al. 2000). However, fragmentation studies typically usc
empirical trends to predict how communitics will change during fragmentation
because we lack a general metacommunity theory to guidc us in how to measure
and analyze natural fragmented communities. In a recent book on forest frag-
mentation and management, Lindenmayer and Franklin (2002) recount a large
number of examples where fragmentation produced largely unexpected effects
cither on individual species or biodiversity. Experimental studies of fragmenta-
tion also frequently produce “surprising” effects (Debinski and Holt 2000). Un-
expected effects took a variety of forms, but commonly observed phenomena
were that fragmentation responses were influenced by the nature of the habitat
“matrix” between patches (see also Davies ct al,, chapter 7), and by changes in
habitat within patches (e.g., edge effects). Empirical work on fragmentation often
investigates the ability of species’ traits to predict responses to fragmentation, but
rarely attempts to explicitly deal with community structure (metacommunity
studies, such as those in this book, are exceptions to this gencralization). Meta-
population models provide a motivation for studying species interactions within
communities. Single species are equivalent to noninteracting species and special-
ist predators and prey or competitors exemplify interacting species. In single spe-
cies metapopulation models, the subdivision of habitat that results from frag-
mentation can only be detrimental—as fragmentation proceeds, previously
stable populations in large undivided habitats become increasingly small and iso-
lated, making them vulnerable to local extinction through demographic stochas-
ticity, but with a reduced capacity for patches to be to be recolonized (Harrison
and Taylor 1997). For interacting pairs of species, where a specics can drive an-
other locally extinct, persistence and diversity can actually be enhanced by frag-
mentation (subdivision). This may occur as formerly cxtinction-prone interact-
ing populations in large areas of habitat become fragmented and various spatial
dynamics (e.g., colonization-competition trade-offs, see table 1.1) become pos-
sible that can enhance persistence and diversity (Harrison and Taylor 1997;
Hoopes et al., chapter 2). The degree to which species negatively interact could
therefore be critical to the way in which species respond to fragmentation. Itisan
open question whether the responses of biodiversity to fragmentation are best
predicted using community-level theory (metacommunities) or specics-level
theory (metapopulations), and the answer is likely to depend on the degree to
which species interact, on how such interactions are modified by spatial dynam-
ics, and by how such pair-wise interactions arc embedded in more complex mul-
tispecies communities.
The absence of a theory that provides mechanisms for responses to fragmen-
tation potentially limits both our ability to predict how communities will change
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under altered circuinstances and our ability to effectively manage communities
and metacommunities by manipulating habitat factors at landscape scales. Since
the most genieral goal of conservation cfforts is to maintain biodiversity, it is wor-
rying that we at present attempt this without a complete theory that can explain
the maintenance of biodiversity over ccologically relevant periods of time. These
deficiencies in knowledge also carry over to managing fisheries through protect-
ing areas in marinc reserves, to restoring habitats where placement of restoration
sites is an issue, to managing invasive (and spreading) specics, to predicting the
impacts of climate change, and to managing ccosystem propertics that are linked
to biodiversity.

A specific example helps provide motivation for studying the role of community-
level mechanisms and especially specics interactions in understanding responses
to habitat fragmentation (Allan et al. 2003; LoGiudice et al. 2003). Forest frag-
. mentation and habitat destruction in Dutchess County (NY, USA) have been
- shown to reduce mammalian species diversity and to elevate population densities
: of white-footed mice (Peromyscus leucopus). Fragmentation is also expected to
cause an increase in the human exposure to Lyme disease because the diseasc’s
vector, black-legged ticks (Ixodes scapularis), arc more likely to be infected with
the Lyme bacterium (Borrelia burgdorferi) after feeding on mice compared to
other vertcbrate hosts. The frequency of tick infection declined linearly as frag-
ment area increased, while mammalian species diversity increased, and mice den-
sity declined (Allan et al. 2003). Different vertebrate species have been shown to
harbor different numbers of ticks, leading to different survival rates of ticks and
different infection rates of ticks with the Lyme bagterium. White-footed micc are
overwhelmingly the greatest producers of infected ticks, and the ability of mice to
produce ticks is diffcrent for the various vertebrate hosts (figure 1.1; LoGiudice
et al. 2003). Squirrels ( Sciurus carolinensis and Tamiasciurus hudsonicus) are esti-
. mated to have the greatest combined effects in reducing the potential for Lyme
- disease (figure 1.1) (because of mechanisms like competition between vertebrate
g host species and tick prefercence for different hosts). Several questions follow from
 these observations, and all of them are likely to require spatial answers: (1) What
* are the implications of the differences among vertebrate hosts and differences in
o '_..z._n sequence of community assembly for the occurrence of Lyme discase (LoGiu-
 dice et al. 2003)? Community assembly in fragments results from the movement
“.v».%nnmmm between fragments (a spatial dynamic). (2) Are vertebrate hosts re-
 sponding directly to habitat change or are they undergoing indirect changes
* caused by interactions with other specics? This question is also central to testing

the “species sorting perspective” of metacommunities sketched later in this chap-
ter. (3) How do species interactions between the Lyme bacterium, the tick and
| vertebrate hosts operate? Predator-prey and host-discase metapopulation models
ow the potential for these interactions to be strongly intluenced by spatial dy-
nics (see Hoopes et al. chapter 2, and Holt and Hoopes, chapter 3).
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Figure 1.1 (A) Variation in the reservoir competence of different vertebrates to ticks (Lxodes scapu-
laris) carrying the Lyme discase bacterium (Borrelia burgdorferi). Reservoir competence is character-
ized by three components: susceptibility of the host to the infection when bitten by an infected tick,
the ability of the pathogen to magnify and persist in the host, and the efficiency of transmitting the
bacterium to ticks. Reservoir competence was measured in the ficld. (B) The ability cach species to re-
duce the effect of white-footed mice (the most competent reservoir) on the prevalence of infected ticks
(measured as a percentage dilution) in a two-host community consisting of mice plus the focal spe-
cies and a focal community in which mice are the only potential host. Data from LoGiudice et al.

(2003).
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These examples illustrate substantial gaps in our knowledge that require ex-
amination of the role of spatial structure and dynamics in ecological communi-
ties. This book provides many further examples of problems that motivate the
study of metacommunities. The caveats introduced into various pieces of work
show that we are just beginning on a journey of discovery. This volume is intended
to provide for a broad community of basic and applied ecologists the essential
conceptual building blocks for further exploration of metacommunities.

Defining Metacommunities

Earlier we defined a metacommunity as a set of local communities that are linked
by dispersal (Hanski and Gilpin 1991; Wilson 1992), and a conmunity as a col-
lection of species occupying a particular locality or habitat (table 1.1). This set of
definitions works well for conceptualizing metacommunities, but is often com-
plicated by the complex nature of real metacommunities. This section discusses
some of these complexities, first for communities then for metacommunities.

Defining Local Communities

Local communities can be defined in various ways. A theoretical approach is to
define a community as encompassing an area within which all individuals are
equally likely to interact, precluding any spatial heterogeneity in distribution or
abundance. This highly simplified view in effect assumes that mass action and
mean field conditions are adequate descriptors of dynamics, as seen in population
dynamic models such as the classic Lotka-Volterra equations and their extensions
(e.g., May 1973, Pimm and Lawton 1978, McCann et al. 1998). There are at least
three more practical approaches, which are not mutually exclusive. The first is to
select systems with relatively discrete boundaries, such as lakes and ponds. Simi-
larly, in metapopulation studies discrete habitat patches are often delineated
(Hanski and Simberloff 1997). Extending this idea to communities is difficult be-
cause species making up these communities often vary in their scales of move-
ment {Schoener 1983; reviewed by Clobert et al. 2001). A second approach is to
define communities based on structurally dominant organisms (usually plants);

it _. ~ hence, we might discuss oak woodlands or tallgrass prairies (Clements 1936). The

utility of this approach depends on the relative influence of physical conditions,
dispersal, stochastic cvents, species interactions, and succession (c.g., Gleason
1926, Clements 1936). This approach is useful for habitat types and sets of species
that are known to be repeatable in occurrence and sufficiently permanent relative

1o the duration of typical ecological studies to permit field studies. A third ap-

proach is to define a community as including all of the species present at a selected
locality. This common working definition of a community has a suite of problems
that are also relevant to the habitat-based approach, including identifying the

~ relevant spatial scale at which to describe a community (is there a nonarbitrary



Table 1.1 “Terms used in defining metacommunities

Term

Definition

Term

Ecological scales of organization

Population
Metapopulation

Community

Mctacommunity

Descriptions of space
Patch

Microsite
Locality

Region

Types of dynamics
Spatial dynamics
Mass cffect
Rescue effect

Source-sink cffect

Storage cffect

Relative
nonlinearity

Colonization
Dispersal

Stochastic
extinction

Allindividuals of a single species within a habitat patch. .

A sct of local populations of a single species that are linked by dispersal (after Tlanski and

Gilpin 1997). o .

The individuals of all species that potentially interact within a single patch or Jocal arca of
habitat. . o .

A sct of local communitics that are linked by dispersal of multiple potentially interacting

species (Wilson 1992).

A discrete arca of habitat. Patches have variously been defined as microsites or localities
(Levins 1969; Tilman 1994; Hanski and Simberloff 1997; Amarasckare and Nisbet 2001;
Mouquet and Loreau 2002). . N
Assite that is capable of holding a single individual. Microsites are nested within localities.
An arca of habitat encompassing multiple microsites and capable of holding a local
community. ' ] .

A latge arca of habitat containing multiple localities and capable of supporting a
metacommunity. This corresponds to the mesoscale (Holt 1993).

Spatial changes in the distributions or abundances of individuals or species. Different
types of mechanisms are discussed by Holyoak and Ray (1999) and Hoopes et al.

(chapter 2). . o
A mechanism for spatial dynamics in which there is net flow of individuals created by

differences in population size (or density) in different patches (Shmida and Wilson 1985).

A mechanism for spatial dynamics in which there is the prevention of local extinction of
species by immigration (Brown and Kodric-Brown 1977).

A mechanism for spatial dynamics in which there is the enhancement of local populations |

by immigration in sink localities due to migration of individuals from other localities
where emigration results in lowered populations. )
Subadditivity in a species (usually the poorer competitor’s) response to competition in

resources during times of relative harshness and yet recmerge in the population at other
times (after Shea et al. 2004; sce Hoopes et al., chapter 2 for further explanation).

responds linearly to increasing competition while the other responds in a nonlinear
fashion and is negatively affected by high competition (after Shea ct al. 2004).

which they were previously absent.
Movement of individuals from a site (emigration) to another (immigration).

independent of other specics present or of any deterministic change in patch a:u_:w,.
Possible mechanisms include stochastic components associated with small populations
and extinctions duc to stochastic environmental changes (i.c., disturbances) that can af
large populations.

Deterministic
extinction

Metacommuunity
dynamics

Classic (Levins)

‘Mainland-island
- system

Patch occupancy

model
atially implicit
mode]

metapopulation
Source-sink system

Open community
‘Closed comniunity

atial dependence

A mechanism whereby established local populations of component species become ext
duce to deterministic species interactions or aspects of patch quality.
The dynamics that arise within metacommunities. Logically, these consist of spatial

dynamics, community dynamics (muliispecies interactions or the emergent propertics
arising from them within communities), and the interaction of spatial and community
dynamics. Care needs to be taken to use the term only when another, existing, term would
not suffice.

Types of model population or community structure

Agroup of identical local populations with finite and equal probabilitics of extinction and
recolonization—no rescue cffects occur.
A system with habitat specific demography such that some patches (source habitats) have .
finite growth rate of greater than unity and produce a net excess of individuals that migrat.
to sink patches. Populations in sink habitats have finiite growth rates of less than one and
would decline to extinction without immigration from sources (Holt 1985; Pulliam 19881
A system with variation in local population size that influences the extinction probability
of populations. Systems are usually described as consisting of extinction-resjstant
mainland populations and extinction-prone island populations (Boorman and Levitt
1973).
A community which expericnces immigration and/ or emigration.
A community that is isolated, receiving no immigrants and giving out no emigrants.
A model in which patches contain cither individuals or populations of one or more species
and where local population sizes are not modeled.
A model in which the arrangement of patches or distance between patches can influence
patterns of movement and interaction.
A model in which the arrangenrent of patches and/ or individuals docs not influence the
dynamics of the system. Movement is assumed cqually likely between all patches.
Implics that the response variable is spatially structured because it depends on explanatory
(e.g., physical) variables that are themsclves spatially structured by their own generating
processes (Legendre et al. 2002). Spatial dependence between abundance and spatial
habitat factors is implied most strongly by the specics sorting perspective, and is assumed
absent in the neutral perspective.
Implies that the valuc of response variable yat site jis assumed to result from some
dynamic process within variable y itself. Spatial autocorrelation actually refers to the lack
of independence among the error components of field data, as a function of geographic
distance among the sites (Legendre et al. 2002).

A perspective that assumes that patches arce identical and that cach patch is capable of
containing populations. Patches may be occupied or unoccupied. Local species diversity is
limited by dispersal or by species interactions. Spatial dynamics are dominated by local
extinction and colonization.

A perspective emphasizing that resource gradients or patch types cause sufficiently strong
differences in the local demography of species and the outcomes of local species” inter-
actions that patch quality and dispersal jointly affect local community composition. This
perspective emphasizes spatial niche separation above and beyond spatial dynamics.
Dispersal is important because it allows compositional changes to track changes in local
environmental conditions,
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Table 1.1 continued

Term Definition
Mass effects A perspective that focuses on the effect of immigration and emigration on local population
perspective dynamics. In such a system species can be rescued from local competitive exclusion in

communitics where they are bad competitors by immigrating from conmmunities where
they are good competitors. This perspective emphasizes that spatial dynamics affect Tocal
population densitics.

Neutral perspective A perspective in which all specics are similar in their competitive ability, movement, and
fitness (Flubbell 2001; Chave 2004). The dynamics of species diversity are then derived
both from probabilities of specics loss (extinction, emigration) and gain (immigration,
speciation). Community composition drifts through time, termed “ccological drift.”

way of defining the spatial boundaries of the community? Wiens 1989; Levin
1992) and the appropriate criteria for including tourist species that are present for
only part of the time (e.g., Abramsky and Safriel 1980; Cousins 1990).

The problem of defining communities is simpler in experimental and some
natural model systems, such as artificial laboratory systems (Lawler 1998; Jessup
et al. 2004), natural phytotelmata (Kitching 2000), and other systems where
patches can be sampled in their entirety (e.g., Worthen 1989). The practicality of
this approach depends on whether the metacommunity can be adequately de-
scribed by focusing on particular patch types and ignoring the habitat matrix and
other resources in the environment. It is also often not clear whether the results of
such investigations are applicable in all generality to more complex systems at
larger spatial scales (e.g., Nacem 2001). An alternative approach is to develop sta-
tistical and analytical techniques for defining community boundaries in a wider
range of natural systems. Although invaluable and indced often inescapable, this
tactic runs the risk that the original objective—understanding diversity—may be
subsumed in the need to grapple with a welter of multivariate complexitics.

Defining Metacommunities and Metacommunity Dynantics

A metacommunity is easiest to conceptualize when all of the interacting species
utilize the same set of discrete habitat patches and have local populations that use
resources at the same within-patch scale. However, many communities lack dis-
crete boundaries, and indeed many populations are regulated over multiple spa-
tiotemporal scales. In addition, the exact spatial placement of habitats can influ-
ence metacommunity dynamics, and species can differ in the extent to which they
disperse. Interpatch dispersal at sufficiently low rates can lead to variation in spe-
cies composition from patch to patch. We believe that although existing models
of metacommunities (e.g., Hubbell 2001; Mouquet and Loreau 2002, 2003) give
a highly simplified representation of the spatial complexities of natural assem-
blages of organisms, the insights that have come from them are useful in develop-
ing theories for more complex metacommunity scenarios.
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In this book, we will frequently refer to metacommunity dynaniics. Mctacom-
munity dynamics logically consist of cither the spatial dynamics (table 1.1) or
regional properties (resulting from dynamics) of communities occupying two or
more interconnected patches. To be uscful, the term mretacormmunity dynamics
should be distinct from existing definitions. In contrast to metapopulation dy-
namics, metacommunity dynamics should involve more than two interacting
species. The term should also be distinguished from the term community dynani-
ics; the metacommunity concept would be most uscful if it pertained to a system
in which the dynamics of individual species were altered both by species inter-
actions (of more than two species) and dispersal. This book describes a wide
range of dynamics that arisc because of metacommunity structure. Care should
be taken to use preexisting terms such as population dynamiics, community dy-
namics, spatial and metapopulation dynamics as complementary concepts to
metacommunity dynamics.

In the remainder of this section we discuss three problems that must be ad-
dressed when considering metacommunity dynamics. First is the extent to which
species can interact and the system still can be usefully considered a metacom-
munity. Second, we address the influence of dispersal on metacommunity struc-
ture. Third, we discuss the representation of spatial and temporal dynamics in
metacommunities. We discuss the choice of how many spatial scales to recognize,
whether spatial arrangement of habitat is explicitly considered or not, and
whether habitat is treated as static or instead has its own dynamics.

SPECIES INTERACTIONS
A central community and metacommunity question is the extent to which
species interact (Laska and Wootton 1998; Berlow et al. 1999). We can distinguish
three limiting cases that encompass most possible metacommunities. The first
case provides a null model for predicting expected patterns of assemblages of
independent species. It consists of a multipatch system containing multiple in-
dependent metapopulations of different specics, such that there are no inter-
specific species interactions with population dynamical consequences. Each
metapopulation is a “sct of local populations which interact via individuals mov-
ing among populations” (Hanski and Gilpin 1991; table 1.1). In such a case, no
particular added understanding is gained from either the community or meta-
community perspective, and an equal understanding could be obtained by sepa-
rately considering the metapopulation dynamics of each species. The second case
consists of communitics where all species interact in a factorial manner. If inter-
actions are strong cnough to cause extinctions of species from local communities
(e.g., McCann ct al. 1998) and there is a high between-species variance in com-
petitive or predatory ability, then a single dominant (keystone) species can have a
disproportionate impact on the rest of the community. In this scenario, local and
regional dynamics of all of the species can be predicted by using metapopulation
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models for either a single (dominant) species or two interacting species (the
dominant and each prey or inferior competitor in turn). In the third case, species
interactions are weaker but still influence population dynamics and between-
species variance in competitive and predatory abilities is smaller. This third case
is novel in its simultaneous consideration of the spatial dynamics and interactions
of more than two species, which may be more complex than those considered by
current metapopulation models. The metacommunity examples in this book, to-
gether with metapopulation models (Hoopes et al., chapter 2) and work on food
web modules (McCann et al. 1998; Holt and Hoopes, chapter 3), leads us to pre-
dict that variation in the extent to which species interact has profound conse-

quences for metacommunity dynamics.

HOW MUCH DISPERSAL?

Another question that arises when defining metacommunities is how much
dispersal (as measured, for example, by numbers of individuals and species, and
distances moved) is required for a system to be deemed a metacommunity? This
question has broad ecological and evolutionary consequences (Ims and Yoccoz
1997; Clobert et al. 2001). Dispersal may influence both local and regional dy-
namics. In the context of metacommunities, spatial dynamics can be defined as
the regional dynamics that arise in multiple patches that are linked by movement
(table 1.1). The mechanisms of spatial dynamics broadly include colonization-
extinction dynamics, rescue effects, habitat-specific demography, and the dy-
namics of habitat patches themselves (table 1.15 reviewed by Holyoak and Ray
1999; Hoopes et al., chapter 2). Movement may also alter local demography, spe-
cies interactions, and the aggregate properties of communitics. In many patchy
systems, it is likely that multiple species are mobile and that dispersal varies
among species. Different species are likely to have their own rates of movement
that represent a combination of evolved abilities and responses to their environ-
ment (e.g., Holling 1986, Clobert etal. 2001, Rodrigucz 2002).
The question of how much movement is best answered using mathematical
models. The influence of dispersal in this volume is reviewed extensively by
Hoopes et al. in chapter 2, Holt and Hoopes in chapter 3, Mouquet et al. in chap-
ter 10, and Loreau et al. in chapter 18. Techniques where the influence of disper-
sal can be analyzed are presented by Mouquet etal. in chapter 10, Law and Leibold
in chapter 11 and Chesson et al. in chapter 12. Both theory and observation paint
a rich tapestry of movement-related life-history patterns (e.g., Roff 2001, Kneitel
and Chase 2004). A well-known example of such a life-history pattern is the
competition-colonization trade-off, where a negative correlation between colo-
nization (dispersal) and competitive ability allows many species to coexist (Knei-
tel and Chase 2004; Hoopes et al., chapter 2; Mouquet et al. chapter 10). To date,
other life-history patterns involving movement have generally not been incorpo-
rated into metacommunity models.
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REPRESENTATION OF SPATIAL AND TEMPORAI DYNAMICS
IN METACOMMUNITIES

Up to this point, this chapter has considered only local and regional scales. It is
also possible to imagine species intcractions occurring over more than two scales
Am..m; Kolasa and Romanuk, chapter 9). The number of spatial scales that are re-
@::na. to represent the dynamics of real metacommunities is not yet clear; indeed
acontinuum of scales may in the end prove to be involved in determining the mwu.v
w_m_ dynamics of communities. Many current models of metacommunity dynam-
ics, especially those inspired by work on sessile taxa, are based on a three-lcvel
?33&% of scales (table 1.1). At the smallest scale, microsites can hold a single
E&ia:m_. Microsites are nested within localities that hold local communities
25:.3 to those in conventional species interaction models. In turn, local com-
Bc:_:.wm are connected to other such communities as part of a metacommunity
occupying a region. In much of the literature, localities are equivalent to habitat
patches. This distinction becomes blurred in patch occupancy models (Hoopes
et al,, chapter 2; Mouquet et al., chapter 10), where patches can be viewed either
as microsites or localities holding individuals, populations, or communities. We
use the term patch as cquivalent to a locality capable of holding a local population
or community (table 1.1).

In considering how to measurc and represent metacommunities it is also nec-
essary to decide whether the explicit spatial location of individual communities
or patches should be recorded and tracked, or not (spatially implicit analyses;
mmzm 1.1). There is a cost to explicitly representing space, since a great deal Ommz:mv
information needs to be recorded and analyzed, and mathematical models fre-
quently become analytically intractable (e.g., Durrett and Levin 1994a, 1994b
Pacala et al. 1996). There arc a wide varicty of kinds of dynamics that can be Stw
resented in spatially explicit models, but not in spatially implicit models (sec
Ewwwmm et al,, chapter 2, and Holt et al., chapter 20, for examples). Ignoring ex-
E_.n: space may also lead us to vicw metacommunities (and metapopulations) as
being simpler than they actually are (Hanski and Gaggiotti 2004). For example,
mass effects (see table 1.1 and the next section) are more likely with localized dis-

. Mnnmm_ and when populations of particular species in adjacent areas differ greatly
in size (Hoopes et al., chapter 2; Mouquet et al. chapter 10). Mass effects could

~ easily be overlooked in spatially implicit analyses using either field or model data.

. Consequently, we ignore spatially explicit patch arrangement at our peril.

M..«uoim:m number of statistical methods for dealing with spatially explicit data and
these could be valuable for metacommunity analyses (e.g., Borcard and Legendre
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11 most of this book we treat habitat patches as permanent, whereas they may
have their own dynamics (transient patches are treated by Miller and Kneitel in
chapter 5, and Chesson et al. in chapter 12). Creation of habitat patches (e.g., by
disturbance) may produce new opportunities for colonization, and patch de-
struction (e.g., by succession) can eliminate communities within patches.
Changes within patches, such as through succession, can also alter patch quality,
thereby altering local demography (e.g., through source-sink dynamics; Pulliam
1988; table 1.1). For ecosystems, Holling and colleagues have developed links be-
tween processes at multiple scales, including processes that create and destroy
habitat patches (Holling 1994; Peterson et al. 1998; Allen and Holling 2002). Re-
silicnce is generated by diverse, but overlapping, functions within a scale and by
apparently redundant species that operate at different scales, thereby reinforcing
ecosystemn functioning across scales (see also Loreau et al., chapter 18). The dis-
tribution of functional diversity within and across scales cnables regencration and
renewal to occur following ecological disruption over a wide range of scales (Pe-
terson et al. 1998). A key insight is that the relationship of organisms and pro-
cesses at different scales interacts with renewal (patch creation) processes. Com-
munity ecology has tended to take a more simple view of the dynamics of habitat,
such as simply creating empty patches by disturbance (e.g., Connell 1978). There
is also a growing literature about how the destruction and creation of habitat
patches influences metapopulation dynamics (e.g., Ellner and Fussman 2003,

Hastings 2003). While few contributions in this book directly address intrinsic
habitat dynamics, the studies mentioned above demonstrate that such dynamics
can have strong effects on populations, communities, and ecosystems. Such stud-
fes provide interesting areas for future rescarch, especially when considered to-
gether with specics’ traits, life histories, and evolution (sec also Leibold et al,

chapter 19).

Four Perspectives on Metacommunities

We present four conceptual models to describe metacommunities, and each
model illuminates different aspects of spatial community dynamics (table 1.2).
Because several factors differ between the models (sce also Chasc et al., chapter
14), deciding which is more appropriate for a particular study system should not
be the main aim. Rather, studies should investigate the mechanisms driving dy-
namics (e.g., the factors in tables 1.2 and 14.1). The integration of the different
metacommunity models with one another is ongoing (e.g., Mouquet etal,, chap-
ter 10), as are more detailed investigations of the population dynamic mecha-
nisms (Law and Leibold, chapter 11; Chesson et al., chapter 12).

To date, theoretical and empirical work on metacommunities largely falls

along four broad perspectives that we refer to as the “patch dynamic,” “species

sorting,” “mass effects” and “neutral” perspectives (table 1.2). Below we present
the theory, but reserve discussion of empirical examples until later in this chapter. -
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The Patch Dynamic Perspective

The first perspective extends metapopulation models for patch dynamics to more
than two species. Because it considers multiple species it also can be considered to
build on the equilibrium theory of island biogeography (MacArthur and Wilson
1967). This approach assumes the existence of multiple identical patches (islands)
that undergo both stochastic extinctions (as in standard single species meta-
population dynamics) and deterministic extinctions (like metapopulation mod-
els for interacting species; Harrison and Taylor 1997; Hoopes et al., chapter 2).
Dispersal counteracts these extinctions by providing a source of colonization into
empty patches. For coexistence to occur, dispersal rates must be limited so that
dominant species cannot drive their competitors or prey to regional extinction.
Wnnm:mm all patches are identical and there are no permanent refuges for species,
*itis likely that local within-patch species composition and diversity will change
~ through time.
" Theequilibrium theory of island biogeography also assumes a prominent role
- for extinction and colonization in sctting levels of biodiversity on islands. How-
. ever, in the equilibrium theory species from a fixed pool of mainland species ran-
. domly colonize islands (patches), so that mainland species diversity determines
_ the regional (all-island) species diversity. Empirical evidence, including that dis-
cussed by MacArthur and Wilson (1967), clearly indicates that this is not always
: realistic because many systems do not have a large mainland with a fixed mnoamm
" composition. The equilibrium theory of island biogeography considers only the
.....bE:,UQ of species in a community and does not include community (trophic)
 structure, species identities, or niche differentiation (Chase and Leibold 2003;
__..w.uo: et al., chapter 3). Metapopulation models and the patch dynamics perspec-
m:a &m,.ﬁ from the equilibrium theory in that they recognize that spatial dynam-
e (reviews: Holyoak and Ray 1999; Hoopes et al., chapter 2) can enhance per-
" sistence and that the number of species in a region might emerge from an
‘agglomeration of dynamics within many interlinked patches.
" Metapopulation models typically contain only simplified food web structure,
which often arises from considering only one or two species, or species within a
“single trophic level or pairs of levels (reviews: Hanski and Gilpin 1997; Hoopes
et al, chapter 2; Mouquet et al., chapter 10; examples of multispecies models
ude: Hastings 1980; Hassell et al. 1994; Tilman 1994; Amarasekare and Nisbet
1; Mougquet and Loreau 2002, 2003). Three approaches have been used to
odel these kinds of dynamics, which we describe for competing species and then
é..a to consumer-resource systems.
] ,.mn_m based on patch dynamics often utilize occupancy formalisms in which
hes are either vacant or are occupied by populations at equilibrium (usually
equilibrium density, but possibly under other nonpoint equilibria). This
palism is consistent with an assumption that local dynamics occur on a faster

cale than does dispersal or the regional dynamics from colonization and
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extinction. The simplest version of this model considers only regional coexistence
of competing species (Levins and Culver 1971) and does not explicitly consider

local dynamnics. For competitive metacommunities in a homogeneous environ-

ment, regional coexistence is possible given an appropriate trade-off between

competitive ability and dispersal. Yu and colleagues (Yu and Wilson 2001; Yuetal.
2001) have considered a trade-off betwecen fecundity and dispersal, and Adler and
Mosquera (2000) examine a trade-off between mortality and competitive ability
in interference competition, all with similar conclusions.

This classic two-level (local versus regional) approach has been rescaled by

Tilman (1994), and briefly by Hastings (1980), who considered a single commu-
nity divided into single-resource patches that contain at most an individual (mi-
crosites rather than localitics in our terminology; table 1.1). Because microsites
hold single individuals, extinction rates are reinterpreted as mortality rates, and
colonization as birth and movement. The results of this approach are essentially
the same as the above approach: coexistence is possible given an appropriate
trade-off between competitive and colonization abilities (or fecundity).

A third type of formalism simulates localities containing populations with lo-
cal dynamics, also represented by Lotka-Volterra equations and, patches linked
by diffusive dispersal (¢.g., Case 1991). This model can produce rather more com-
plex results than the previous two formalisms (€.g., Hoopes ct al., chapter 2; Mou-
quet et al., chapter 10), but many similar results emerge.

The effect of predator-prey interactions on regional persistence has been con-
sidered in patch occupancy models with patches containing individuals or popu-
lations (e.g., Caswell 1978, McCauley et al. 1993) and also in models with explicit
local dynamics (e.g., Cr

pable of causing local extinctions of o
straints on the dispersal rates at which regional persistence is possible. For in-

stance, prey specie
more rapidly than predators, and persistence may only be possible at intermedi-
ate dispersal rates (reviews: Kareiva 1990; Ta

Hassell et al. 1994, Hess 1996).

The Species Sorting Perspective

The second approach builds on theories of community change over environmen=3
abiotic features

pecies interactions (Leibold 1998). In this perspecs
eneous in some local factors, and the:
(species interactions and individual spe="
s on these spatially varying aspects of the abiotic environs

tal gradients (Whittaker 1972) and considers the cffects of local
on population vital rates ands
tive, the ensemble of local patches is heterog
outcome of local population dynamics
cics’ responses) depend
ment. Like many patch dynamics models, this approach assumes a scparation @
time scales between local population dynamics and colonization-extinction dy
namics. Populations are assumed to be able to reach their equilibrium behavie

owley 1981). Adding predators or competitors thatareca-
ther species to these models leads to con-

s must colonize patches faster than they are driven extinct, and 3

ylor 1990; for other examples see_
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(stable points illati
o msm ,(,rm,romn_._._mﬁ_o_dw, or complex attractors) between the time of coloniza-
Lon andihe env Mozamim_ perturbations might cause local extinction a.:_.c.
e :ﬂm? Q”Mw:m Moﬂcﬁn:ﬂﬂ frequently enough that local assembly trajec r.:..f
ot states (Law and Morton 1993), t :
, but not so often that m:
effects occur (see the next i i te nunitie
section). Such endpoint state fi iti
o : o dpc S are orten communitics
e o.m ﬂ:_:ﬁ_m_Zo UM any o::.m other species in the metacommunity. However,
E:ow ints can sometimes consist of cyclical patterns of compositional nrm:ma,
vo_awﬂwmﬁﬂﬂﬁ of compositional states (Law and Morton 1993, Steiner and Lei
. The net effect is that the speci ithi o de-
: : pecies present within a community
termined by the abiotic conditions i : oy e,
itions in local patches. C i
eray g e Ao . Consequently, local species
position arc expected to be relatively ¢
nougl time. o : . ively constant or bounded
. Dispersal is restricted to colonization a
. 1 sal nd does not ¢ -
lowing species to persist in sink habitats. vend ol
Thi . . . .
v Er_m species m.o:_:m perspective has much in common with traditional theory
Gmmvn _m Mm@mwm.:o:rm:a coexistence (Dobzhansky 1951; MacArthur 1958; Em:_ﬁv_
! . Indeed, in this traditional view, local abioti iti : .
: ) , iotic conditions determi
munity composition. The main di - perspec.
: . ain differences are that a met i
tive forces us to think ab i 4 regional divereity and
out the links between local and regi iversi
- ores us lo thir ut the li cal and regional diversity, and
: egional diversity in making local iti :
..Amr:l: e gond 1 g communities appcar saturated
_ s , chapter 17). The result is that speci istributi
5 . ar . at species distributions are
sely “:Mrma HM_oS_ conditions and (unlike the patch dynamic perspective) are
argely in c i |
iy ,mﬁwa ) _mw.mv: _M:ﬂ of unrelated purely spatial effects (Cottenie and de Meester
; Leibold and Norberg 2004). Different model formalisims become more

@ mu I
Ppropriate as Q—m €r MN— Increases a _ﬁ_ 1mass O:mﬁﬁm exerta QOZ::N—,; :_:Co:ﬁﬂ on

The Mass Effects Perspective

. . . .
| _.nhﬂm_.“w_mﬁnw dynamic w_:& mﬁon_m.m sorting perspectives assuime a separation
_ .c.nﬂ::m es between _On.m_ dynamics and colonization-extinction dynamics
1] Lgbﬁ%ﬂmhmo_:w_mm”ﬂwﬁﬂ_nm*_d@ m_mo,mamqmm when local population 35»::_8.
Sy y ed by ¢ _mmohﬁ_.. T'he mass effects perspective (Shmida and
B.ﬁnmmm_:m a multispecies version of source-sink dynamics (FHolt
mwwww w::._m:: ._ommv and rescue effects (Brown and Kodric-Brown 1977;
R an“:w are given in table 1.1). Differences in population density (or mass) mm
i ...:..onm:o:m. or mmf:_:a:.mn. ﬁ.:mvmam_v. can drive both immigration and
v mgmm.:._og_ communities. Immigration can supplement birth rates
hance densities of local populations beyond what might be expected in
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and he points out that even slow speciation rates can sustain high levels of diver-
.&Q insuch metacommunities, Under slow speciation rates, the ncutral model has
its own metacommunity dynamics predominantly influenced by slow random
. patterns of compositional change in space and time. Even if Hubbell’s model is de-
scribed as being closcr to a continent-island system than to a metacommunity, in

gencity from patch to patch, but are more predictable when habitats are hetero-
geneous and thus also arc expected to fit the species sorting perspective. As noted
by Holt and Hoopes (chapter 3), onc basic difference between the two perspec-
tives has to do with the emphasis placed on the strength of focal exclusion ducto
interspecific interactions and abiotic conditions, relative to the magnitude of flux
rates due to dispersal. In the absence of explicit patch differcnces, there are two
versions of the model for competing specics: a pure competitive, weighted lottery
model (Chesson 1985; Chesson and Huntly 1989; lwasa and Roughgarden 1986;
Mougquet and Loreau 2002) and one based on the classical MacArthur model of
species competition (Levin 1974; Amarasckare 2000; Amarasekare and Nisbet
2001). The two approaches introduce a constraint of regional similarity between
coexisting species that adds some complexity to the predictions, but provides an
important finding from these two approaches (Amarasckare and Nisbet 2001;
Mouquet and Loreau 2002). Coexistence in such a metacommunity is obtained -
through a regional balance of local competitive abilitics. As a consequence, spe-
cies are locally different but regionally similar in their competitive abilities (Mou-
quet and Loreau 2002; Mougquet ct al., chapter 10). Mass effects allowing local
coexistence are constrained in complex ways (Amarasekare and Nisbet 2001)
because coexistence requires spatial variance in fitness, which cannot be main-
tained at high levcls of dispersal among patch types. This basic idca could be ex-
tended to consider other kinds of species interactions besides competition.
Marked spatial hetcrogeneity in patch tvpes is likelv to reduce species turnover
within local communitics and to fix local communitics in space, if enough time
has elapsed for locally superior species to arrive and exert local dominance
(Hoopes et al., chapter 2; Mouquet et al., chapter 10).

3 be interpreted as the endpoint of a continuum of cocxistence mechanisms within
E the metacommunity framework (just as it is in metapopulation theory, Hanski
‘and Gyllenberg 1993). Neutral models also currently lack trophic or other com-

_una regional scales. Clearly all four of the perspectives outlined above capture in-
A . . teresting aspects of metacommunity dynamics. Further, it is unlikely that ail of
The Neutral Perspective
All of the above approaches assume that specics differ significantly from each
other either in their niche relations with local factors, and/or in their abilities to
dispersc or avoid local extinctions. The resulting dynamics depend on differences
among species or the trade-offs that cmerge from these assemblages, with mul-
tiple consequences at local and regional scales. In the absence of any such differ-
ences among specics, the behavior of metacommunitics can be dramatically
different from models with trade-offs or species-specific differences (Caswell
1978; Hubbell 2001; Chave 2004). Neutral models predict a gradual loss of all
competing specics via a potentially slow process of random walks. The resultant’
temporal change in species composition was termed ecological drift by Hubbell
(2001). Thus, in contrast to the other views described above, neutral models alone
cannot explain how differences in local and regional diversity arc maintained.
Informative reviews of neutral models are provided by Bell (2001) and Chave
(2004). Hubbell (2001) has explored a neutral model in situations assuming a
time scale over which speciation counteracts the extinction process due to drift,

ynot differ systematically in any respect except for the species composition that
Xists at any given moment in time (table 1.2). By contrast, the mass effects and
pecies sorting perspectives assume that there are intrinsic, persistent differences

ferent sites. Second, these models differ in the amount of interpatch move-
ient, which is assumed to be limited in neutral and patch dynamics models, but
uld be greater in the species sorting and mass cffects perspectives (table 1.2). A
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Tahle 1.2 A comparison of four conceptu
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models of metacommunr
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The Metacommunity Concept

ent habitat conditions. Another way to think about this is as a form of spatial de-

Characteristic

Patch dynamics

Species sorting

Mass effects

Neutral models pendence (as opposed to spatial autocorrelation; see table 1.1) between species per-

(1) Patch similarity

(2) Interpatch
movement

(3) Species
similarity

(4) Local and
regional species
composition

(5) Spatial
synchrony

(6) Equilibrium of
local community

dynamics

Similar

Low rate

Similar or d
Competitive models
requirc trade-offs for
regional coexistence

Local varics through
time, regional is
more constant

At least some
asynchrony

Not reached because

of (2)

Dissimilar

Not specified; needs
to be sufficiently
high for species to
be present in suitable
patches but too low
for mass cfiects

Species must differ
in their ability to
perform under
different conditions

Local and regional
arc morce constant

Not specified

Assumed to be at
an cquilibritm
condition

Dissimilar

Higher and may be
regional

Specics must differ
in their ability to
perform under
different conditions

Locatand regional
arc more constant

through time,

assuming that (2)
is constant

Synchronous
because ol (2)

Not at focal dispersal-

free equilibrium
because of high
movement (2), but
could reach a new
cquilibriun with
dispersal

formance and the spatial environment (Legendre ct al. 2002). Spatial depe endence
between abundance and spatial habitat factors is implied by the species sorting
perspective, but mass effects would shift patterns in abundance away from strict
spatial dependence on local conditions. Dispersal limitation (as in the patch dy-
namics perspective) may also prevent strong spatial dependence arising between
habitats and populations. The neutral perspective by contrast assumes no spatial
* dependence between populations and habitat factors. Unlike spatial dependence,
* spatial autocorrelation could arise in any of the perspectives from spatially corre-
 lated variation arising duc to similarity of environmental factors or populations
y . that are closer together in space, and spatially localized dispersal.

A second implicit assumption is the emergent effects on species composition.
' Differences in patch conditions and corresponding species responses are likely to
. lead to more fixed specics compositions in local communities under the specics
* sorting perspective than with the mass effects perspective: the neutral and patch
* dynamics perspectives should lead to the most variability in composition (table
1.2). It is likely that these dificrences in local composition will also carry across to
~ controls on regional composition.

Third, variation among these perspectives in assumptions about movement
~rates is likely to lead to differences in the synchrony of population fluctuations in
* different patches, as described in table 1.2. (This also assumes that there are some
differences in local conditions that can alter demography.)

A final difference between the perspectives is whether local communities are
s _uz_._m: theoretical equilibria, which would result froin all species having arrived
* and interactions having played out through time in all patches (table 1. Nv With

Similar

Localized (i.e., not
plobal}

»/__
have

ndividuals
identical
fitness

Local and reg
vary through ti

At lcast some
asynchrony {but ©
not specified)

Absent becauseol
drift

further assumption implied by spatially implicit models discussed in the previous
sections is that patches are uniformly distributed over space (isotropy) and
equally finked by dispersal. However, such a restriction would be unnecessary ifa

spatially explicit approach were taken.

There are several implicit assumnptions in metacommunity models. The four
models differ in the assumptions they make about the ecological traits of species

limited dispersal, local dynamics are likely to have caused extinction on a rapid
timescale compared to the time between colonization events. This makes it more
likely that local communities do not contain the full complement of specics that
is theoretically possible in both the patch dynamics and neutral perspectives. In
the idealized species sorting view communities are expected to be at their theo-
etical within-locality equilibrium because dispersal occurs at a rate sufficient to
» all communities with all potential occupants, but insufficient to otherwise
1b local dynamics. However, dispersal rates are sufficiently large that specics
ive in localitics more frequently than they go locally extinct. In the mass effects

involved in the metacommunity. The neutral model assumes that there is no vari-
ation (and hence no covariation) in ecological traits that influence net fitness. In
the patch dynamics models for competitive metacommunities, the assumption
is that competitive ability varics and that covariance with dispersal is sufficiently
negative to permit regional coexistence (see Hoopes ct al., chapter 2 and Mougquet

etal., chapter 10). In the mass effects and species sorting models, the assumptions .
are that there arc trade-offs in the abilities of specics to perform well under differ-

perspective, both source-sink dynamics for individual species and mass effects

..U_WE:E:&W Holt et al. 2003).
~ Undoubtedly thercare other logical differences between the different perspec-
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tives that could be drawn out (e.g., those in table T4.1). Ultimately, a theoretical
synthesis of the different perspectives is required (Mouquet ct al., chapter 10;
Chase ct al., chapter 14). There are also many factors not included in these four
ives that are likely to influence metacommunity dynaniics, such as local
); synthesizing insights from ongoing and
doubtless reveal unexpected
ather than a complete frame-

perspect
dvnamics (Hoopes et al., chapter 2
futurc empirical studies of metacommunities will
effects. These existing models arc a starting point, t
work. for metacommunity ecology. One maior class of factors that is only briefly

touched on in this book is evalutionary processes Thyt sse [2ihald et 2l chapter

19, McPeek and Gomulkiewicz, chapter 15, and Holt et al., chapter 20). The dy-~
tacommunities may depend strongly on how the species pool

ct al. 2000; Shurin and Srivastava, chapter 17). The integra--
snships with metacommuni
dynamics and macroevolutionary

<

namics of actual me
has evolved (Shurin
tion of species’ traits and life history relatic
taking into account both microevolutionary
processcs, remains a major challenge.

A Roadmap for This Book:
The Variety of Ways to Think about Metacommunities

acommunities is amenable to many ap=
framed around four of these approaches:
empirical perspectives consisting of both observational and manipulative studies,
theoretical approaches, and cmerging arcas and persp
studying metaconumunitics is to integrate
Below we discuss how these approa .
ology.

Making progress in understanding met
proaches. The contents of this book are

conceptual synthescs,
tives. Perhaps the greatest challenge in

thesc approacheés in productive ways.
map onto our proposed framework for metacommunity ¢c

Core Concepls
on traditional community ecology, metapopulatiof
ke the case that the metacommunity
rstanding. Hoopes ct al. (chaptes
patial models for single noninteras
crsus pairs of interacting species (competitors, predators and pr
chapter 2), like Holt and Toopes (chapter 3), dem
strate the central role that interactions Detween species and between species
the environment plays in metacommunitics. They also emphuasize that the infe
action between dispersal and spatial structure1s critical to metacommunity St
t and Hoopes (chapter 3) discuss the ways that preg
tions for food web modules (of three to four interacting species) are releva
metacommunitics. The approach is valuable because it allows ecologists tol
on a very large literature on species interactions within local communities;
cluding evaluations of stability and trophic control (Murdoch and Oaten 1%

The next two chapters draw
studies, and island biogcography to ma
cept addresses key gaps in ecological unde
compare and contrast the predictions from s
ing specics v
mutualists). Hoopes et al. (

ture and composition. Hol

ty ideas, -
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some with fish predators, and some without. They use a variety of multivariate - afullrange of testable hypotheses (e.g., table 14.1) that comie from contrasting the
statistics to analyze variation in density and composition that is related to the ! four perspectives presented above, and especially from thinking about testing
habitat (indicating species sorting) and spatial position (indicating mass effects). ideas from neutral models. )
The complexity of empirical perspectives on metacommunities reaches its . Neutral models are fascinating in part because of the simplicity of the as-
height in Kolasa and Romanuk’s chapter 9, which describes a rock pool system . sumptions that they make. In particular, the complete absence of competitive
with a wide range of invertebrate taxa; these authors suggest that physical condi- ~ differences and niche differences between species is something that makes many
tions are critical to organizing the communities and creating a hicrarchy of scales. - ecologists scratch thieir heads in puzzlement. In a provocative chapter 15, McPeck
. _ - and Gomulkiewicz describe the relationships between population genetics and
Theoretical Approaches : ,cgm:w (2001) ncutral theory, and the apparent relationship between thesce the-
By contrast to the cases in chapters 2 and 3 with low dispersal, Mouquet et al. riesand McPeek’s own studies of damselflies. Chapter 15 provides a potential ex-
(chapter 10), consider a wider range of dispersal rates, including those that are ample of neutral dynamics and a nice example of a case where ncutral theory has
high enough to cause mass and rescue effects. They do so in the context of meta- made us question our perception of an empirical system.
rate patch dynamic and mass effects mod- _ Resetarits et al. (chapter 16) and colleagues use a system of temporary and per-
nent ponds to explore the potential importance of habitat selection behavior
local and regional community structure. This is a new and exciting area that
d integrate behavior into metacommunity dynainics. The ideas have broad
action with the evolutionary ideas in chapters 15 and 19.
Shurin and Srivastava’s chapter 17 returns to considering patterns of specics
Vel ity. A pattern that has long intrigued both community ccologists and island
geographers is the relationship between local and regional species diversity.
..Mcmmmﬁ have inferred a regional influence on local communities based on
nasymptotic relationships between local and regional diversity. Classically, the
e of this relationship has been used to infer whether or not local communi-
s are saturated (i.e., susceptible to invasions). The authors discuss possible in-
retations of this relationship and highlight the importance of the area from
th a species pool is drawn (experimentally or by dispersal).
ust as ecologists have linked species diversity to ecosystem functioning
\mzig et al. 2002) it is useful to consider how metacommunity diversity is linked

i

communities of competitors and integ
els by showing the effects of different Jevels of dispersal in the presence and ab-

sence of patch heterogeneity. These mass and rescue effects modify both species:
abundance (¢.g., source-sink dynamics; Pulliam 1988) and species interactions.
(Holt 1985; Holt et al. 2003; Danielson 1991).

The next two chapters consider techniques for studying metacommunity dy=
namics. Law and Leibold (chapter 11) demonstrate how patch occupancy models
can be used to create a link to permanencce as a measure of persistence. The chap-
ter illustrates this technique by using an example of intransitive competition. The
technique is applicable to any case where an assembly map can be drawn (Warren |
etal. 2003) and there is a separation of local and regional timescales (a theme that
also arises in chapter 10). 3

In chapter 12, Chesson ct al. discuss a powerful modcling technique, scale’
transition theory, which uses models fitted to empirical data to partition out spa=
tial, temporal, and spatiotemnporal elements of community structure. Scale tran:

sition theory could be used to model a very large range of population and comi:
munity problems. The completeness of the framework presented makes it an e regional functioning of ecosystems. In chapter 18, Loreau et al. describe a
attractive technique for considering all aspects of spatiotemporal dynamics. b . system as “a set of ecosystems connected by spatial tlows of energy, mate-
id in making it more accessible and highlight sand organisms across ecosystern boundaries.” This idea builds naturally on
etacommunity concept. It is complementary to ideas about ecosystem sub-
(Polis, Anderson, et al. 1997; Polis, Power, et al. 2004), which simplifics think-
bout flows across ccosystem boundaries by treating fluxes as donor con-
led ather than dynamic. The metaecosystem coucept includes both physical
tic drivers of ecosystein functions.

book ends with two prospectus chapters that discuss some necessary
rk and a short summary of important findings. Leibold ct al. (chapter
der the relevance of evolution to the four metacommunity perspectives

technique is complex, and to a .
utility, a companion empirical chapter by Melbourne etal. (chapter 13) describes’

its application to a variety of empirical problems.

Emerging Areas and Perspectives
All four of these perspectives on metacommunities that we have described ate
admittedly incomplete and present challenges: to empiricists to cvaluate the
relevance to real systems, and to theoreticians to synthesize their viewpoints?

to elucidate mechanisms. In this regard, chapter 14 by Chase et al. is interesti
because it describes a variety of empirical patterns and the (incomplete) explani in this chapter and describe the potential for metacommunities to be
tions for them that are based on the four metacommunity perspectives and lex adaptive systems (see also Leibold and Norberg 2004). Holt et al. (chap-

theory. The authors concentrate on competitive metacommunitics and descrl D) summarize some emerging dircctions from this book and discuss a broad
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range of topics that are inadequately covered by this book and that would benefit

from future attention. The most significant insights from this book are summa-

rized in a short, final coda.

Conclusions

In this introductory overview, we have argued that metacommunity approaches
can substantially change the ways in which we interpret ccological phenomena,
both at local and metacommunity scales. We have proposed a definition for meta-
communities and have reviewed four simplistic approaches to modcling them. It
is clear that any synthesis linking these four approaches Ho,mm.nr other would
greatly facilitate empirical work and provide a much more Sm__m:n.?m_:a:@qr for _
understanding large-scale ecological processes. The four perspectives considered

show how the metacommunity concept leads us to identify the important wo_mm.om
habitat and movement in modifying community and metacommunity diversity =
and abundance. While this chapter draws on much classic work such as island
raphy and the study of vegetation patterns along o:i._.o:::,._:u_ gradi-
g from two forms ofintegration. First, this approach =
eve are the main factors influenc- 5

biogeog
ents, novel insights are comin
provides a testable framework for what we beli . c-.
ing local and regional community structure and dynamics. Second, the novel in-
with community ecology approaches that have con-
ale is providing exciting new insights into =

tegration of spatial dynamics
ventionally been limited to the local sc
large-scale community processes.
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