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I. INIRODUOION

At no period in the history ofecology has the spatial structure ofpopulations

and communities been entirely ignored, but the role that space plays in forming

ecological pattems and in molding pfocesses has been viewed very differently in

different times (Mclntosh, l99l). In the 1960s and 1970s, theoretical ecology

was largely focused on issues other than spatial dynamics (May,l916a), with

notable exceptions (MacArthur and Wilson, 1967), and field ecologists tended to

follow suit. Today, space is in the forefront and space is introduced in various

ways into all fields of ecology and population biology more generally. Whether

one is interested in processes occurring at the level of genes, individuals, popu-

lations, or communities, spatial structure is widely seen as a vital ingredient of

better and more powerful theories, and good empirical work involving space is

seen as a great challenge (Kareiva, 1990).

Five years ago, before the publication of the predecessor of this volume

(Metapopulation Dynamics: Empirical and Theoretical Investigations, Gilpin and

Hanski, 1991), the metapopulation concept was new to most biolo-eists. Since

then, literature on metapopulations has grown exponentially' with adoubling time

of less than 2 years (Fig. 1). The metapopulation concept has by now been firmly

established in population biology and beyond; we review and analyze il this
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I lhe Meiopopulotion Approoch

with any others. Population biology has made productive use of such models for
at least 100 years, but today there is a distinct need to account for the position of
individuals and populations in space. This need has arisen from the intrinsic
development of population biology as a science, but the trend has clearly been
strengthened by the demand for professional advice on environmental issues typ-
ically involving space.

In the past few years, metapopulation studies have shed new light on such
phenomena as patterns of distribution and population tumover dynamics in frag-
mented landscapes (Hanski, this volume; Harrison and Taylor, this volume;
Thomas and Hanski, this volume; Smith and Gilpin, this volume; van der Meijden
and van der Veen-van Wijk, this volume), landscape ecology (Wiens, this vol-
ume) and community structure (Holt, this volume), population viability and time
to extinction (Gyllenberg et al., this volume; Foley, this volume), coexistence of
competing species, and of prey and theirnatural enemies (Nee et al., this volume),
evolution of migration rate and other life-history traits (Olivieri and Gouyon, this
volume), ecological consequences of migration (Ims and Yoccoz, this volume;
Stacey and Taper, this volume), unexpectedly high levels of inbreeding and low
heterozygosity in natural populations (Hedrick and Gilpin, this volume), patterns
of genetic differentiation (Giles and Goudet, this volume), adaptation (Barton and
Whitlock, this volume), and coevolutionary processes (Frank, this volume). As
is apparent from the citations, these developments are well represented in the
chapters in this volume, which provide an excellent entree to the literature at
large.

There are many advantages of a metapopulation approach, but success may
also breed problems. As in any scientific field experiencing rapid growth, there
is the danger of blurring of concepts. There is the temptation to view any system
with any kind of pafchiness at any spatial or even temporal scale as a "metapop-
ulation." Harrison (1991,1994b; Harrison and Taylor, this volume) cautions us
about this tendency. Anticipating the kind of verbal entropy that has enveloped
many terms in population biology, Hanski and Gilpin sketched in the 1991 vol-
ume the meaning of the term "metapopulation," highlighting issues of scale, hi-
erarchy, and a requirement for some population turnover. We feel a need to dwell
on the same issues in this chapter, and we provide a revised succinct glossary of
the commonly used terms in the literature. First, however, let us examine briefly
the history of the metapopulation concept.

II. BRIEI HISTORY ()F MEIAPOPULATION STUDIES

The metapopulation concept has a pedigree dating back to the early part of
this century, but until recently this tradition played only a minor and episodic
role in the intellectual advance of population biology. For a long time. the pre-
vailing view was one emphasizing persistence and stability of local populations.
or as Mclntosh (1991) put it, "the great tradition of balance of nature. going back
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I The MeioPoPulolion APProoch q

III. (()NGPIUAL DOMAIN AND MEIAPOPUI.AIION APPROAffES

A fundamental assumption of the original metapopulation concept (Levins,

1969a) is that space is discrete and that it is possible and useful to distinguish

between habitat patches that are suitable for the focal species and the rest of the

environment, often called the matrix. In this respect the metapopulation approach

is closely akin to the dynamic theory of island biogeography (MacArthur and

wilson. 1967) but differs from landscape ecology (wiens, this volume). The

metapopulation concept also presumes that the habitat patches are large enough

to accommodate panmictic local populations, but not larger. other fields of ecol-

ogyareconcernedwithspatialpatchiness'buteitheratasmaller(foragingthe-
oiies; Krebs and Davies, 1gg4) or at a larger scale (e.g., much of landscape

ecology:FormanandGodron, lg86;GAPanalyses:Scottetal" l99l ;
geogr:aptri"at ecology: Ricklefs and Schluter, 1993) than the scale of (panmictic)

io"a-t ptpulations. The concept of an ideal metapopulation a la Levins includes

three tther simplifying assumptions: habitat patches have equal areas and isola-

tion, local populations in the metapopulation have entirely independent (uncor-

related)dynamics,andtheexchangerateofindividualsamonglocalpopulations
is so low that migration has no real effect on local dynamics in the existing

populations: local dynamics occur on a fast time scale in comparison with meta-

population dynamics'
No real metapopulation completely satisfies all these requirements' However,

the more specific assumptions, such as equal patch areas and isolation, can be

relaxed wiihout need for a major conceptual amendment. This is not unlike how

the population concept is used in population biology: no real population com-

ptetelysatisResallthecriteriaofanideal'closedandpanmictic,population.What
reallymatters is the notion of discrete local breeding populations connected by

migrat ion.Wesuggestthat i f th isassumptioncannotbedefended,someother
approach should be used instead of the metapopulation approach; and conversely'

ttre more distinct and smaller the local breedin-e populations are, the more useful

themetapopulat ionapproachis l ikelytobe.HanskiandGi lp in(1991)usedpop-
ulation turnover, local extinctions and colonizations. as the hallmark of true meta-

populations. By this definition, the mainland_island SyStemS studied in the dy-

namic theory of island biogeography and in recent metapopulation models

(Gotelli, 1991; Hanski and Gyllenberg. 1993) would not count as metapopula-

tions. Following the cunent usage of the term. we now include mainland-island

structures among other metapopulation structures'

It has been suggested that "much" mi-eration among local populations makes

the metapopulation approach less useful (Harrison, 1994b). While it is true that

the classical concept (Levins, 1969a) implicitly assumes a low migration rate' so

lowthatmigrat ionplaysnoroleinthedynamicsofexist inglocalpopulat ions,
more recent theoretical (Hassell el a/.. l99la, l994,Gyllenberg and Hanski' 1992;

Neeera/ ' , th isvolume)andempir icalwork(Hanskietal ' , |995a.b)hasmade
gooduseofthemetapopulat ionconceptevenwhenSometensofpercentsof
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The Metopopulofion Approorh t l

IABTI I Melopopulofion Terminology'

Term Synonyms and definition

E

r

r
s
c

Patch

Local population

Metapopulation

Metapopulation
structure

Levins metapopulation

Mainland-island
metapopulation

Source-sink
metapopulation

),Jonequilibrium
metapopulation

Tumover

\'Ietapopulation
persistence time

Synonyms: Habitat patch, (habitat) island, (population) site, locality
Definition: A continuous area of space with all necessary resources

for the persistence of a local population and separated by unsuit-
able habitat from other patches (at any given time, a patch may be
occupied or empty)

Synonyms: Population, subpopulation, deme
Definition: Set of individuals that live in the same habitat patch and

therefore interact with each other; most naturally applied to "pop-
ulations" living in such small patches that all individuals practi-

cally share a common environment
Synonyms: Composite population, assemblage (of populations) [pop-

ulation (when "local populations" are called "subpopulations")l

Definition: Set of local populations within some larger area, where
typically migration from one local population to at least some other
patches is possible (but see nonequilibrium metapopulation)

Synonyms: Metapopulation type
Definition: Network of habitat patches which is occupied by a meta-

population and which has a certain distribution of patch areas and
interpatch migration rates

Synonyms: Classical metapopulation
Definition: Metapopulation structure assumed in the Levins model: a

large network of similar small patches, with local dynamics oc-
curring at a much faster time scale than metapopulation dynamics;
in a broader sense used for systems in which all local populations,

even if they may differ in size, have a significant risk of extinction
Synonyms: Boorman*Levitt metapopulation
Definition: System of habitat patches (islands) located within dis-

persal distance from a very large habitat patch (mainland) where
the local population never goes extinct (hence mainland-island

metapopulations do not go extinct)
Definition: Metapopulation in which there are patches in which the

population growth rate at low density and in the absence of im-
migration is negative (sinks) and patches in which the growth rate
at low density is positive (sources)

Definition: Metapopulation in $hich (long-term) extinction rate ex-
ceeds colonization rate or Vice versal an exfeme case is where
local populations are Iocated so far from each other that there is
no migration betseen them and hence no possibility for recoloni-
zalron

Synonyms: Colonization-extinction events (or dynamics)
Definition: Extinction of local populations and establishment of new

local populations in empty habitat patches by migrants from ex-
isting local populations

Synonyms: Expected life-time of a metapopulation

Definition: The length of time until all local populations in a meta-
population ha\e gone extinct

( tontinues )
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1970) constructed to caricature metapopulation dynamics is an excellent example.
Instead of attempting to extend a model of a single population to many popula-
tions connected by migration, Levins modeled the changes in the number of such
populations, effectively ignoring what happens in each one of them and where in
space they happen to be located (Hanski, this volume). For the latter reason, the
Levins model and other related patch models (Table I) are spatially implicit; the
habitat patches and local populations are discrete (and are generally assumed to
have independent dynamics), but they are assumed to be all equally connected to
each other. In spite of this simplifying assumption, which can be generally de-
fended only for metapopulations close to steady state and with no strong spatial
aggregation, the patch models allow us to analyze many interesting questions
about metapopulation dynamics, starting with the conditions of metapopulation
persistence in a balance between local extinctions and colonizations. The advan-
tage of the spatially implicit approach is that it greatly facilitates the mathematical
and conceptual analysis; the disadvantage is that it can be used to study only a
subset of all interesting questions.

Thinking about the restricfive assumptions of the Levins model and other
patch models, ecologists have asked what happens when local dynamics are in-
cluded in the metapopulation model. What happens.when the habitat patches are
of different sizes and when the local populations have different extinction prob-
abilities? What if migration rate is high enough to "rescue" local populations
before extinction? What are the consequences of real spatial locations of local
populations? What if extinction events are correlated over the entire metapopu-
lation? What if there is spatial asymmetry and source and sink populations? Some
of these questions have been explored in the context of spatially implicit models
(Pulliam, 1988; Hanison and Quinn, 1989; Hanski and Gyllenberg, 1993; Gyl-
lenberg et al., this volume), but it comes as no surprise that at some point we
have to tum to models that incorporate specific information on the spatial loca-
tions of populations. Incidentally, most analyses of metapopulation genetics (Bar-
ton and Whitlock, this volume; Hedrick and Gilpin, this volume) have been based
on the Levins model, which is essentially equivalent to what population geneti-
cists call the "island model." As in ecology, there is an increasing need to add
space in a more explicit manner to metapopulation genetic models.

2. Spatially Explicit Approaches

Under the rubric of spatially explicit approaches are several related modeling
frameworks, such as cellular automata models (Caswell and Etter, 1993), inter-
acting particle systems (Durrett, 1989), and coupled map lattice models (Hassell
et al., l99la). These modeling approaches assume that "local populations" are
arranged as cells on a regular grid (lattice), with population sizes modeled as
either discrete or continuous variables. The key feature that distinguishes spatially
explicit approaches from spatially implicit approaches is localized interactions:
populations are assumed to interact only with populations in the nearby "cells."

Localized interactions can have profound dynamic consequences. such as very
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B. Empiricol Approoches

In a standard ecological metapopulation study, a key initial task is to make
a practical distinction between habitat and nonhabitat and to delimit the suitable
habitat patches in the study area. Suitable habitat may be defined subjectively or
with the help of statistical methods (Lawton and Woodroffe, 1991). An experi-
mental approach may be used to test the accuracy of an existing habitat classifi-
cation: experimental introductions to empty habitat should succeed (Harrison,
1989; Oates and Warren, 1990; Thomas, 1992: Massot et a1.,1994); introducrions
to nonhabitat should fail. Metapopulation studies focused on assemblages of ex-
tinction-prone local populations typically proceed to record the presence or ab-
sence of the focal species in the habitat patches and then to analyze the effects
of various environmental factors on patch occupancy (Verboom et al., l99lb;
Thomas and Hanison,1992; Hanski et al., l995a,b) and on the rates of extinction
and colonization (Sjcigren,l99l; Eber and Brandl, 1994; Hanski et al., 1995b).
Other field studies have been concerned with more permanent local populations,
but ones whose dynamics are significantly affected by migration (Stacey and
Taper, this volume). Experimental studies have attempted to demonstrate the pre-
dicted temporal stability of local populations in a metapopulation as opposed to
that in isolated local populations (Murdoch et al.,1996; Harrison and Taylor, this
volume).

Landscape ecology (Forman and Godron, 1986; Tumer, 1989; Wiens, this
volume) and metapopulation ecology share a common focus on space and
patchiness. The difference is primarily in the complex mosaic structure of
real landscapes that is the object of landscape ecology (Wiens, this volume).
In contrast, metapopulation studies typically assume that the patches which are
used by the focal species are of the same type, though this assumption is made
primarily for the sake of keeping the models reasonably simple (see Holt, this
volume, for metapopulation models with two patch types). Empirical re-
search in landscape ecology has been reluctant to use the population dynamic
theory that metapopulation ecology purports to provide, even if in a rudiment-
ary form, and consequently the two fields have developed largely independ-
ently. One trend that is beginning to change this situation is the use of GIS-
based landscape descriptions in generic metapopulation simulation models
(Akgakaya, 1994). Today, ecologists have access to huge data bases of digi-
tized information about landscape structure, and the imminent arrival of low-cost
global positioning systems will greatly facilitate further empirical research in this
atea.

It should come as no surprise that the bulk of current empirical research that
is conceptually related to the metapopulation notion is conducted in consen'ation
biology. We therefore devote the rest of this chapter to a more thorough scrurin).
of the past and present links between metapopulation biology and consen'ation
biology.
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may be so large that individuals are likely to interact with their neighbors only
(Harrison, 1991). For island biogeographic models, the argument is whether
groups of conspecific individuals on sets of islands are separate populations or
just transient parts of one widely ranging population (Smith, 1975; Simberloff.
1976). The latter argument has recrudesced recently with important conservation
implications. Pimm et al. (1988), extrapolating from records of breeding birds on
small British islands, suggested guidelines for how many individuals should con-
stitute propagules for reintroduction efforts based on the body size ofthe species.
Aside from problems with the statistics of extrapolation (Tracy and George,
1992),Haila and Hanski (1993) saw a more fundamental flaw: the assumption
that the birds on each island constituted a population, and their disappearance an

extinction. In their view, all these birds are parts of wide-ranging, large popula-

tions and their disappearances from specific islands within the range are not pop-

ulation phenomena. Diamond and Pimm (1993) retorted that the birds of each
island could be viewed as a population within a metapopulation.

Within about a decade (Fig. 1), the theory of island biogeography came to
dominate much of conservation biology, with a series of nearly simultaneous
papers (Terborgh, 1914, 1975; Diamond, 1975a: Wilson and Willis, 1915) all
advocating a set of "rules" of refuge design ostensibly based on the theory (Fig.

2). The rules each suggest a refuge configuration that would maximize species
richness, and the papers describing the rules apparently stemmed from lectures
given by E. O. Willis beginning in 1971 (Willis, 1984). Although some of the
rules in fact were not based on the theory (references in Simberloff, 1988); they

became popular in conservation circles, particularly after their publication in 1980

in the first synthetic plan for dealing with a perceived disastrous wave of extinc

tions, World Conservation Strategy, jointly authored by the International Union

for the Conservation of Nature and Natural Resources, the United Nations, and

the World Wildlife Fund. With this imprimatur, it is unsurprising that these rules,

and the theory that supposedly suppofied them, became the governing paradigm

in conservation biology, reproduced in textbooks and published in newspapers.

The dominance of the island biogeographic paradigm was so strong that even
studies that today would be seen as metapopulation research were published as

island biogeographic studies, with no mention of the term "metapopulation" (e.g..

Fritz, 19'19).
It was noted early that most ecological publications citing island bio-seo-

graphic theory simply interpreted a species-area relationship in terms of the the-

ory, when altemative explanations were also possible (Simberloff, 1974). and that

there was little empirical evidence for continuing local extinctions of the son

envisioned by the theory (Lynch and Johnson, 1974; Simberloff, 1974). Funher.

as noted by Smith (1975) and Simberloff (1976), by defining the comings to and
goings from local sites of individuals within continuous populations as "immi-

gration" and "extinction," one could almost always claim that e\tinctions and

colonizations were occurring, even if the theory really envisioned most recruit-

ment to local populations as being by itt situ reproduction rather than immigration.
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I lhe Metopopulotion Approoch t9

the theory, while documented exceptions to some of the rules, including SLOSS,
led to their fall from status of conventional wisdom. For example, the third edition
of one of the most widely used introductory ecology textbooks, Ecology (Krebs,
1985, p. 559), reprinted the figure of the rules as popularized by the IUCN and
described them as flowing from island biogeographic theory. The fourth edition
(Krebs, 1994) omits the figure, makes no mention of the rules, and cites the
criticism of the theory as "true but trivial" by Williamson (1989).

B. Porodigm Shift
The waning of the theory of island biogeography as a dominant conservation

paradigm in the late 1980s coincided with the burgeoning interest among biolo-

-eists 
in the metapopulation concept (Fig. 1). As does Hanski (1989), Merriam

(1991, p. 134) explicitly claims a paradigm shift: "Metapopulation models have
largely replaced equilibrium island biogeography as a way of thinking about
terrestrial habitat islands, fragmented habitats and heterogeneous terrestrial en-
vironments in general For other conservation biologists, the shift is tacit
and consists simply of an assertion that nature is structured as metapopulations
followed by discussion of what actions are required to preserve metapopulations
(e.g., Noss, 1993). Perhaps most telling isThe Diversit;^ of Lfe, by Wilson (1992),
a founder of the theory of island biogeography, in which species are typically
seen as structured as metapopulations and the consequences of this structure for
conservation are explored.

The causes of the shift are many. One must be the growing ecological lit-
erature, described above, doubting the verisimilitude of island biogeographic the-
ory. However, scientific data and the weakness of a prevailing paradigm alone
are unlikely to precipitate a paradigm shift (Kuhn, 19701' Ha1la, 1988), and we
must seek other prevailing currents. It is worth recalling that, fundamentally, the
theory of island biogeography can be construed as just a multispecies version of
an analogous metapopulation theory, so it is hard to imagine objective scientific
reasons for accepting one while rejecting the other.

One possible explanation is a shift among conservation biologists and ecol-
ogists from the conception of nature as an equilibrium world to that of a non-
equilibrium one (Wiens, 1977,19841' Chesson and Case, 1986). Island biogeo-
graphic theory is dynamic, of course, but the emphasis is on equilibrium species
richness, hence the nickname, "equilibrium theory," and even the underlving im-
migration and extinction rates are seen as constant. Though metapopulation the-
ories are not any more, or less, "equilibrium" theories than the theory of island
biogeography, the emphasis in the latter on equilibrium species richness and in
the former on population turnover may have created the sense of a conflict be-
tween an equilibrium and a nonequilibrium theory. The key point. of course, is
that in both theories there is no equilibrium at the population level. However, the
modus operandi of the island biogeographic theory is to ignore the changes in
the presences and absences of individual species and to focus on the equilibrium
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the main salvation of small sites was the shift by conservationists to the meta-
population paradigm. In the Levins model, at least, small sites containing small
populations were the only homes of a species and thus the proper locus of con-
servation concem. The model even suggests that a certain number of unoccupied
sites is required for metapopulation persistence (Lande, 1988a; Hanski, this vol-
ume), thus relieving beleaguered conservation biologists from having to justify a
refuge for a given species by confirmed residence. A famous example in which
local extinction rates are high and a supply of suitable empty sites is necessary
is Pedicularis furbishae, the Furbish lousewort (Menges, 1990).

In sum, from a conservation standpoint, it is not surprising that citations of
metapopulation studies increase exactly when those of island biogeography de-
cline (Fig. l). These trends represent a paradigm shift.

C Use ond Misuse of fie Melopopulolion (oncepl in (onservotion Biology

Hanski and Gilpin (1991) observed that "metapopulation ideas have recently
become the vogue in consenvation biology." and numerous conservation strategies
are explicitly based on metapopulation models (references in Harrison, 1994b).
The general effect has been to draw attention to landscapes and networks, as
opposed to individual reserves in isolation, for which the island metaphor of island
biogeographic theory is appropriate. This is a salutary development. Even if there
were no significant interactions among populations in different refuges, it would
be good to have multiple refuges simply as insurance against local catastrophes
(Sou16 and Simberlofl 1986). Doak and Mills (1994) and Harrison (1994b) argue
that, even if most species are not structured as Levins-type metapopulations in
nature, the rise of the metapopulation paradigm has served and continues to serve
a useful function by forcing conservation biologists to gather data that are im-
portant to effective conservation strategies of individual species-movement
rates from site to site, relative reproduction and mortality rates at different sites,
and the like. This is precisely the view of Haila and Jiirvinen (1982) for island
biogeographic theory.

The problems arise, for metapopulation models as for island biogeographic
theory, when it is assumed without empirical evidence that all species, or all
species in a large class, conform to some particular model (Doak and Mills, 199'1;
Harrison, 1994b).lf a conservation strategy is based on metapopulation dynamics
that do not exist, it can misfire. Thus, for example, Murphy et al. (1990) suggested
that small-bodied, short-lived species with high reproductive rates and high hab-
itat specificity typically constitute Levins metapopulations, but there are simplr
insufficient data to evaluate this claim (Harrison, 1991,1994b). To t-cn--us auto-
matically on metapopulation dynamics for such species would not constitute ef-
fective science. No wide-ranging generalizations are yet possible. because teu'
data really demonstrate the existence of classical metapopulatirrns. Harrison
(1991) could cite only pool frogs (Rana lessoniae) in Sueden snd naterflies
(Daphnial in rock pools as unequivocal cases (for some ne\\ eramples. see Har-
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FIGURE 3 Fou. examples ofthe same landscape fragmented in different ways (scenarios a to d).

Spatially realistic metapopulation models, such as the incidence function model (Hanski, 1994a), can

be used to rank the altemative scenarios in terms of the persistence time of the focal species. Note

the conceptual link to the SLOSS rule (Fig. 2b).

ographic rules of refuge design. First. the rules of refuge design ( Fig. 2) are static,
even those actually flowing from the theory. For example, the fundamental con-
cept in rule a (Fig. 2a) is the species-area relationship, which in applications is
seen as meaning a fixed number of species in a fixed area. In contrast, the meta-
population predictions explicitly address the dynamics of species survival. Sec-
ond, the rules ofrefuge design contrast fixed general alternatives (such as in Fig.
2b), whereas the spatially realistic metapopulation models practically force one
to compare specific fragmented landscapes (Fig. 3).

We now turn to potential misuses of the metapopulation concept in conser-
vation. To start with, if a species is structured as a mainland-island (Levitt-

Boorman) metapopulation, population turnover in the peripheral "island" popu-
lations may be irrelevant to the persistence of the metapopulation as a whole.
though the dynamics are crucial to the persistence of the peripheral populations
(Doak and Mills, 1994; Harrison, 1994b, Simberloff, 1994b). More generalll.

emphasis on metapopulation models can potentially harm conservation b1'dra*'-
ing attention away from single populations on the grounds that no one of these
is crucial to a species' persistence and it is the ensemble that matters (Harrison.

r994b).
Another example of the metapopulation concept used in misguided attempts
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on this model. As discussed above, a less controversial use of spatially realistic
metapopulation models is simply to rank alternative management scenarios (Fig.
3) and to recognize that making long-term predictions about (meta)population
persistence time in our rapidly changing world is practically hopeless.

The shift from island biogeographic to metapopulation thinking united ecol-
ogists and geneticists in focusing on populations. Genetic concerns have been
prominent in the interest in metapopulations. Kimura and Crow (1963) first
pointed out that occasional migration between local populations can maintain
genetic variation better than would a single large population, essentially because
drift is likely to fix different alleles in different populations. However, the situ-
ation becomes more complicated when we allow for local extinctions and recol-
onizations, and recently much effort has gone into modeling the way that such
population turnover affects the maintenance of genetic diversity in metapopula-
tions (Wade and McCauley, I 988; Hastings and Harrison, 1994; Barton and Whit-
lock, this volume). On theoretical grounds, one might expect species thatnaturally
exist in metapopulations not to be prone to inbreeding depression because they
lack genetic load (Harrison, 1994b), while local populations in a recently frag-
mented large population might be particularly susceptible to inbreeding depres-
sion because heterozygosity would quickly decline (Simberloff, 1988; Hedrick
and Gilpin, this volume). Under the latter circumstances, maintaining movement
among populations might seem particularly important, and indeed many man-
agement plans for declining populations call for measures to enhance population
interaction, such as translocation and corridors, specifically to avoid inbreeding
depression (e.g., U.S. Department of Agriculture, 1995). However, field evidence
for inbreeding depression or other problems in recently fragmented populations
is scarce (Harrison. 1994). Lande (1988b) argues more generally that the impor-
tance of genetic threats in conservation has been overblown. His view is that, in
naturally small populations, the genes causing threatening inbreeding depression
would have been selected out, while in recently reduced populations, ecological
threats are more immediate. Despite this widely cited statement, genetic principles
still underpin many viability analyses and management plans (Harrison, 1994b\.
Perhaps the very fact that genetic modeling is feasible ensures that it will be done.
particularly if ecological modeling, even if potentially more useful, is more prob-
lematic. The latest round of papers (e.g., Lynch et al.,1995) appears to strengthen
the genetic argument, but the most urgent need is for relevant field studies.

Thompson (1996) contends that metapopulations may be crucial to the con-
servation of various coevolutionary interactions, such as those between pathogens
or parasites and their hosts. In models, locally unstable population dynamics can
be stabilized by the addition of metapopulation structure (Hassell et al..l99la1'
Nee e/ al., this volume). In other cases, the metapopulation structure stabilizes
evolutionary dynamics of the interaction. For example, under certain circum-
stances, the coevolutionary dialog between a pathogen and its host can lead to
the extinction of the host, if a new virulence gene in the pathogen spreads rapidly
enough. A metapopulation structure can then prevent the gene from eliminating
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