
Abstract We discuss the potential and limitations of the
metapopulation concept in marine ecology. The useful-
ness of the concept in terrestrial ecology is neither based
on its simplicity or generality nor on overwhelming em-
pirical evidence. The usefulness is in the questions
which are asked when the metapopulation concept is ap-
plied. These questions address spatial phenomena and
processes on different spatial scales. They help in ac-
knowledging that every population, be it terrestrial or
marine, has a spatial organization. Understanding this
spatial organization is also important for tackling specif-
ic applied problems, i.e. to avoid overexploitation of liv-
ing marine resources or for configuring marine reserves.
The ‘openness’ of coastal populations, whose larvae en-
ter larval pools or which are holoplanktonic, is no reason
for not asking the questions implied by the metapopula-
tion concept. For marine ecology, the real problem is to
delineate populations, which then may possibly corre-
spond to the ‘local populations’ of metapopulations.
Thus, the answer to the question in the title of this paper,
whether ‘marine metapopulation’ is a useful concept, is
‘yes’, if the concept is considered a working hypotheses,
if the concept is explicitly defined, and if the questions
linked to the concept are clearly stated. Even if it eventu-
ally transpires that only very few marine metapopula-
tions actually exist, marine ecology would still have
gained some important new insights.
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Introduction

The concept of a metapopulation as a “population of
populations that go extinct and recolonize” (Levins
1970) has become a major paradigm in conservation 
biology and terrestrial animal population ecology 
(Harrison 1991; Hanski 1999). The number of publica-
tions using the metapopulation concept has increased ex-
ponentially since the mid 1980s (Hanski 1999, p. 180),
which indicates that the concept must be useful for a
wide range of systems and problems. The concept ap-
plies to situations where the habitat in which individuals
reproduce and preferably live is not homogeneous but
consists of discrete islands or patches. Due to isolation
from other patches, the populations on individual patch-
es have their own dynamics. This means that they are
largely independent of the dynamics of other popula-
tions. On the other hand, the patches are not completely
isolated because dispersers may occasionally cross the
distance between patches. In fact, the basic question be-
hind the metapopulation concept is the question of per-
sistence: the patches may be too small for their popula-
tions to persist in the long term. The populations die out
sooner or later due to random variations in their environ-
ment and demographic processes. However, a patch that
becomes empty may be recolonized by dispersers from
other, still occupied, patches. This metapopulation effect
can be expressed in terms of a ‘local’ and a ‘regional’
scale: in metapopulations, regional persistence is possi-
ble despite local extinctions.

There are many natural populations which, at least in
parts of their distribution, are organized as metapopula-
tions, but the success of the metapopulation concept re-
flects the major anthropogenic threads to most natural
populations: loss and fragmentation of habitat. Many
populations are now forced to live on a network of habi-
tat patches and the question is whether these networks
allow for the metapopulation effect and whether the 
effect is strong enough to prevent regional extinction.
Typical management questions addressing such situa-
tions are: should corridors be established to link the
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patches? Is a further fragmentation, for example by a
new highway, tolerable? Is local habitat management of
certain patches required to augment their persistence and
their role for the entire network?

However, despite its success and usefulness for terres-
trial systems, the question still remains of whether the
metapopulation concept is also useful for marine popula-
tions. Here, the concept has increasingly been used since
the beginning of the 1990s (Fig. 1) but still not as readily
as in terrestrial ecology. The main problem in applying
the concept to marine systems is to delineate local and
regional populations or to delineate populations and their
spatial scale in the first place (Camus and Lima 2002).
What corresponds to the habitat islands of the terrestrial
systems? Obviously, this is hard to determine for purely
pelagic species. Also benthic species, which often occu-
py identifiable habitat patches, may not have local popu-
lation dynamics because of pelagic larval stages which
are dispersed over long distances by oceanic currents.
Because of all these open questions, it has been assumed
that the metapopulation concept does not apply to marine
populations (Reich and Grimm 1996) but nevertheless it
is used, as Fig. 1 shows. It therefore seems worthwhile to
discuss in detail the potential and limitations of the meta-
population concept for marine populations. This is im-
portant for two reasons: on the one hand, to prevent the
concept from being used uncritically, which could lead
research into a blind alley or even to wrong actions re-
garding managed populations and, on the other hand, to
prevent certain aspects of the concept, which might in-
deed be important and useful for marine systems, from
being unnecessarily neglected.

Therefore we will try to answer three questions: Is the
metapopulation concept really as clear and unambiguous
as it seems at first glance? And if not, what is it that
makes the metapopulation concept still so useful for ter-
restrial systems? And how could these useful elements
also be used for marine systems?

When is a metapopulation a metapopulation?

First of all, when discussing successful concepts it is im-
portant to realize that usually the reason for the success
is not so much in the concept itself but in the scientific
environment and, in particular, in societal needs: if there
is a strong resonance between these factors and the con-
cept, than the concept has the chance of being success-
ful. For example, the stability concept is so attractive and
widely used in ecology not so much because it is clear or
useful per se, but because it reflects the dreams and de-
mands of scientists and the society, especially politicians
(Grimm 1996; Grimm and Wissel 1997). A successful
concept does therefore not necessarily reflect some abso-
lute truth or a predominating phenomenon which previ-
ously has been ignored. Let us therefore take a brief look
at the history of the metapopulation concept.

The idea that local extinctions might be counterbal-
anced by regional recolonizations was not new by the
time Levins coined the term ‘metapopulation’ (Levins
1969, 1970). Among others, Andrewartha and Birch
(1954) had described this mechanism of regional popula-
tion dynamics before. However, the question of extinc-
tion was largely ignored by theoretical population ecolo-
gy for many decades. Instead, the focus was on equilib-
ria, stability of these equilibria, and on cyclic population
dynamics. All this could easily be described by ordinary
differential equations and there seemed to be no need to
include random variation or spatial processes which
would have made the mathematics involved much more
complicated. Accordingly, it took more than 15 years un-
til Levins’ concept received broader attention. However,
by the beginning of the 1980s, the scientific environment
and societal needs had changed: the mass extinction of
species caused by human impacts had become a major
topic, and the new discipline of conservation biology fo-
cused almost entirely on small populations and their sur-
vival (Soulé 1987). We learn from this for our attempt to
assess the potential usefulness of the metapopulation
concept in marine ecology, that it is mainly marine ecol-
ogy itself, and the societal demands on marine ecology,
which determine the usefulness of the concept: how do
the elements of the concept fit in with the current issues
of marine and coastal ecology? Are, for example, small
populations and extinction major topics? How large need
marine no-take reserves be to rescue endangered popula-
tions?

The next thing to be careful about with successful
concepts is the promise of generality and simplicity that
they usually entail. The metapopulation effect is so easy
to explain and understand and so suggestive that one is
tempted to call virtually every population living on a net-
work of habitat patches a metapopulation, just because
then the question of regional persistence would seem so
easy to answer. However, a closer look at real situations
shows that the situation Levins had in mind is only a
rather special situation within a wide range of possibili-
ties (Fig. 2). Levins’ metapopulation model, which dem-
onstrated that regional persistence is possible if the per

Fig. 1 Numbers of citations to the key words “marine” and “meta-
population” in the database “Aquatic Science and Fisheries Ab-
stract” in 1980–2001



Further aspects which cast doubts on the general ap-
plicability of the metapopulation concept to terrestrial
systems are: both patch configuration and quality may be
dynamic instead of static (Stelter et al. 1997); local ex-
tinction may be caused by deterministic processes in-
stead of random fluctuations and this may have the con-
sequence that the patch cannot be recolonized immedi-
ately (Thomas 1994); identifying an unoccupied habitat
patch requires that we are able to predict where a certain
species may live and reproduce (McIntosh 1995). In
many cases this may be a relatively easy task, but in oth-
ers it may be mere guesswork.

To summarize: the simplicity and generality of the
metapopulation concept are superficial. In the majority
of cases of terrestrial populations living on networks of
habitat patches, it is not as straightforward to decide
whether the population is organized as a metapopulation.
We conclude that the usefulness of the metapopulation
concept is not based on its general applicability. But
even if we broadened the concept to encompass most of
the non-classical configurations described above, how
good would be the empirical evidence that a metapopula-
tion really is a metapopulation?

Evidence of metapopulation structure 
in terrestrial systems

Reich and Grimm (1996) were suspicious that much of
what is claimed to be a metapopulation in the literature
lacks the empirical evidence to support this claim. They
therefore formulated a rather broad but precise definition
of what constitutes a metapopulation and than reviewed
87 publications and checked for the elements of their
definition. Going beyond the rather specific original
Levins definition, Reich and Grimm (1996) define a
metapopulation as a: “(regional) population of (local)
populations which fulfils the following four criteria:

1. The local populations have their own dynamics, i.e.
they are clearly able to be delineated from other local
populations;

2. At least some of the local populations are so small or
so threatened that they face a considerable risk of be-
coming extinct;

3. The local populations or patches, respectively, are in-
teracting by dispersing individuals;

4. Dispersers are able to establish new local populations
on empty patches. ‘Establish’ means, in particular,
that the new population in turn starts to produce dis-
persers” (Reich and Grimm 1996, p. 126, in the origi-
nal German).

The rationale of the four criteria is discussed in more de-
tail in Reich and Grimm (1996), but we will here only
report the result of the review: in 64% of the publica-
tions either the studied population obviously is not a
metapopulation, or the empirical evidence is not suffi-
cient. Regarding local extinctions, dispersal, and recolo-
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patch rate of recolonization is higher than the rate of ex-
tinction, assumed that all patches are the same, that dis-
tance between patches does not matter for the chance of
mutual recolonization between pairs of patches, and that
the number of patches is very high (or, to be precise, in-
finite in Levins’ model).

In reality, however, these assumptions are almost nev-
er valid. There may be ‘mainland’ patches which are so
large or whose habitat quality is so good that they allow
for a population big or robust enough to persist in the
long term. These mainlands may be surrounded by nu-
merous small ‘island’ patches which, as in Levins’ origi-
nal configuration, are all the same and too small (Fig. 2).
However, is this mainland–island situation a metapopu-
lation or not? Owing to the original definition, it clearly
is not, because regional persistence is due to the main-
land population and does not require any metapopulation
effect. It has been argued (Harrison 1991) that the main-
land–island situation is more likely to be found in real
populations than the ‘classical’ Levins configuration and
that therefore the metapopulation concept is much less
relevant to conservation problems than indicated by its
success.

Similar to the mainland–island situation, the popula-
tion may be living on ‘source’ and ‘sink’ patches 
(Pulliam 1988). Source populations are able to persist
without immigrants and they produce emigrants, where-
as sink populations depend on immigrants from source
habitats and do not produce emigrants. Without immi-
grants, sink populations die out almost immediately.
Thus, within the framework of the metapopulation con-
cept, the sink populations do not count at all. Note that
such situations may be the case even if all patches are
more or less the same size and therefore look like the
classical Levins configuration. The decisive parameter
determining sink or source status of the patches is habitat
quality of the patches.

Another border case is a situation which also looks
like the Levins configuration, i.e. without ‘mainland’
patches or source–sink differences, but with a high ex-
change rate of individuals between the patches, for ex-
ample if the individuals are highly mobile (e.g. birds or
dragonflies). In such situations the local dynamics on the
patches are no longer independent of each other and so
we have one large ‘spatially structured’ population in-
stead of a metapopulation.

Fig. 2 Different spatial configurations: A classical Levins-type
metapopulation, B mainland–island configuration, C source–sink
configuration, D spatially structured population, E isolated popu-
lations. Arrows indicate weak unidirectional exchange of individu-
als (←), weak mutual exchange of individuals (↔) and strong mu-
tual exchange of individuals (↔ in bold)



nization only 19% of the studies prove that all three of
these processes occur, 17% of the studies only report dis-
persal, and about a quarter of the studies provide no evi-
dence of any of the three processes at all. These are
mainly presence/absence studies over only one season
which infer metapopulation dynamics from the fact that
some of the potential habitats are not occupied. Of
course, most of the lack of empirical evidence is due to
insufficiently long study periods. About half of the stud-
ies covered only one or two years, and only 19% of the
studies covered more than five years. Reich and Grimm
(1996) conclude that care has to be taken not to too
readily to assume that a population is organized as a
metapopulation because this might in some cases lead to
making the wrong management decisions.

All this is not to say that in the majority of cases the
usage of the metapopulation concept is erroneous (al-
though there are certainly quite a few cases where this
seems to be the case), but the lesson to be learnt from
this is that the success of the metapopulation concept is
not based on overwhelming empirical evidence. There
must be other reasons.

The questions behind the metapopulation concept

The metapopulation concept should not be viewed as a
means to categorize populations in different classes, but
as a working hypothesis. Very often, working hypotheses
turn out to be wrong, but in trying to verify the hypothe-
sis, we usually gain important insights about key pro-
cesses and structures. Likewise, after trying to prove that
a population is a metapopulation, we will usually have
learned a lot, even if it turns out that it is not a metapop-
ulation according to the definition of, for example, Reich
and Grimm (1996). The metapopulation concept forces
us to ask important questions which we probably would
not have asked without the concept. These questions are:

● Are population dynamics on a patch more or less in-
dependent from other populations, i.e. determined by
birth and death processes within the patch, or is the
population strongly, or even largely, influenced by
immigration and emigration? This question is deci-
sive because it delineates the objects of population
ecology and also defines the units of management and
conservation.

● Is small population size a problem, i.e. are there
patches whose populations may become extinct due to
random fluctuations? Indicative of this problem are
observations of extinction events.

● Are population dynamics on a patch more or less in-
dependent from other populations, i.e. determined by
birth and death processes within the patch, or is the
population strongly, or even largely, influenced by
immigration and emigration? This question is deci-
sive because it delineates the objects of population
ecology and also defines the units of management and
conservation.

● Are there environmental factors which affect more
than one patch simultaneously? If so, local population
dynamics would be more or less correlated, so that
also extinctions are more likely to occur simulta-
neously. Consequently, the metapopulation effect
would hardly emerge because few, if any, occupied
patches would exist from which recolonizers could
originate.

● Are there source populations which are more produc-
tive in terms of emigrants and persistence than other
habitats? Such populations would be important to
protect if conservation is a concern.

● How far do emigrants go, and where? Where do im-
migrants come from?

● Which patches are really connected in a network, and
which are more or less isolated?

All these questions, and probably a suite of further more
detailed questions, are relevant both scientifically and
for solving applied problems. Scientifically, they help to
acknowledge that population dynamics has to be consid-
ered spatially explicit, on more than one spatial scale.
Mere number dynamics, which was imposed on us by
classical theoretical population ecology, will not be ap-
propriate in most situations. For applied problems, man-
agement decisions have to address the appropriate spatial
scale or they are bound to fail. Moreover, spatial correla-
tions and differences in habitat quality should be taken
into account. However, is all this equally significant for
terrestrial and marine populations, or are there funda-
mental differences?

Are marine populations different?

Insects, birds or bats may fly with the wind swifter than
oceanic currents. Nevertheless, these terrestrial organ-
isms are generally considered to have discrete popula-
tions or metapopulations, although their ambits are much
wider than those of soil nematodes, slugs or snakes. We
here propose that the range of spatial population struc-
tures is much the same in the marine environment. There
are obvious analogues between populations of terrestrial
and marine organisms. Whales, herrings, salmon, eels or
euphausiid shrimps, for example, perform regular migra-
tions just as mammals, birds and some insects do on
land. Usually these migrants have distinct sites for calv-
ing or spawning, nurseries and feeding grounds, with a
limited interchange between groups or schools imprinted
to different sites and routes. However, most species of
the marine fauna are holobenthic without regular pelagic
dispersal, particularly the diverse meiofauna in mud and
in the interstices of sand. Their means of dispersal are
rather limited, and adaptations to specific substrates,
depths, water qualities and food supplies entail insular
populations separated by vast stretches of unsuitable
habitat.

We suggest that the probability increases to encounter
partially isolated populations when sailing from offshore
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towards inshore because habitat diversity increases while
average patch size of habitat types decreases. An exam-
ple of a large and coherent offshore population but with
small satellite populations persisting for a couple of
years in coastal bays may be the polychaete Lanice
conchilega, a worm with pelagic larvae and benthic
adults (Strasser and Pieloth 2001). Another polychaete,
the lugworm Arenicola marina, is confined to inshore
sediments. Its larval dispersal is rather limited (Reise et
al. 2001), and this probably constitutes an adaptation to
minimize the loss of propagules towards offshore areas.
As a corollary, this also reduces the potential for long-
shore dispersal across headlands or from island shore to
island shore. Finally, species of marine origin dwelling
at the supratidal washline or in salt marshes, such as tali-
trid amphipods, may show much the same spatial popu-
lation structures as terrestrial invertebrates in the same
habitats. Furthermore, individual rocky outcrops at sedi-
mentary shores, estuaries and coastal lagoons may har-
bour fairly isolated populations of seagrass, macroalgae
and benthic invertebrates, including those with pelagic
larvae (Cronin 1982; Eckman 1996; Epifanio and 
Garvine 2000). In the open sea, parallels to such isolated
coastal habitats are submarine mounds or hydrothermal
vents. In all these cases we expect spatial population
structures to resemble those found in insular or frag-
mented habitats on land.

Special marine cases are benthic invertebrates with
external fertilization and an extended pelagic larval
phase as well as holoplanktonic species. In organisms
with these modes of dispersal the occurrence of distinct
populations depends on particular current regimes such
as gyres, permanent fronts or the alternating flow of the
tides. In the absence of such hydrodynamic patterns,
their spatial population structures may indeed be largely
ephemeral and fortuitous. It has been argued that the
‘openness’ of such marine populations prevents the 
application of the metapopulation concept because it
seems impossible to speak of local population dynamics
(e.g. Reich and Grimm 1996). However, the ‘openness’
is more an artefact of vague definitions and erroneous
inferences from the patchy distribution of adult assem-
blages (Camus and Lima 2002). If a patch of adult, ses-
sile benthic organisms which have meroplanktic larvae
is referred to as a ‘population’, then of course this popu-
lation would be open because larvae enter a larval 
pool and are dispersed over wide distances. The rela-
tionship between the local adult assemblage and the re-
cruitment into this assemblage is strongly influenced by
non-local factors. However, the openness follows from
the inappropriate delineation of a population. Camus
and Lima (2002) and Berryman (2002) complain that in
general ecologists use, if any, only very vague defini-
tions of ‘population’, for example ‘conspecifics in a giv-
en area’, which make the definition completely arbi-
trary. Berryman (1999, 2002) claims that populations
are “natural units” living on areas “large enough so that
immigration and emigration is rare or, at least, bal-
anced” (Berryman 2002, p. 441) and gives the formal

definition of a population “as a group of individuals of
the same species that live together in an area of sufficient
size to permit normal dispersal and/or migration behav-
ior and in which numerical changes are largely deter-
mined by birth and death processes” (p. 441). Although
we do not necessarily agree with the notion of popula-
tions as being self-defined units (Jax et al. 1998; Grimm
1998), we consider Berryman’s definition practical. It
corresponds also to the first criterion of the definition of
‘metapopulation’ by Reich and Grimm (1996; see
above). We conclude that there is no compelling reason
why the metapopulation concept should not – as a work-
ing hypothesis – be applied to marine populations in-
cluding those with pelagic dispersal. Admittedly, be-
cause of the large scale of transports with oceanic cur-
rents it will often be not easy to delineate the area of
populations, but the delineation is nevertheless impor-
tant. Regarding the openness of marine populations, 
Camus and Lima (2002) poignantly argue that “by shifting
the focus from local processes to a broader array of spatial
phenomena, it is marine ecologists that are becoming
more increasingly open, not marine systems” (p. 436).

Applying the metapopulation concept 
to marine populations

Even more than in terrestrial ecology, due to lack of suf-
ficient data, it will be impossible in most cases to decide
whether a marine population is organized as a metapopu-
lation, but spatial organization will be decisive in any
case. A good example of this pragmatic attitude to using
the metapopulation concept is the modelling study of
Morgan and Botsford (2001) who tried to predict the ef-
fect of no-take reserves on the fishery of the red sea ur-
chin in northern California. In their conceptual model,
they assume a linear array of 24 identical patches of
adult assemblages along the coast. They refer to this ar-
ray as a ‘metapopulation’ because they, as do many other
researchers in both terrestrial and marine ecology, erro-
neously seem to assume that any patchy distribution of
adult habitats is a ‘metapopulation’. However, this play-
ing with names is not really relevant, because Morgan
and Botsford (2001) make no further reference to the
term ‘metapopulation’ but ask the relevant questions:
since the range of larval dispersal is unknown for this
species, how would different scenarios of larval dispersal
influence the effect of no-take reserves? The four scenar-
ios they model are: limited dispersal (larvae have a limit-
ed, local range of dispersal), source–sink (some patches
produce larvae with limited dispersal, others only re-
ceive larvae), larval pool (all larvae enter the larval pool
and are then equally distributed among the patches),
headland dispersal (all larvae enter the larval pool, but
their distribution among the patches is unequal due to
coastal currents and the structure of the coast, with
patches near headlands receiving the most larvae). 
Morgan and Botsford (2001) show that on the one hand
the effect of reserves strongly depends on these scenari-
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os, but on the other hand this dependency decreases if
larger percentages of patches are made reserves.

Barnay et al. (2003) carry such an analysis further. In
the English Channel, geographically separated patches of
the polychaete Owenia fusiformis occur in nearshore
muddy sand. Larval dispersal was modelled using tidal
forcing alone and coupled with winds of different direc-
tions. Without wind there was a high rate of return to the
parental patch, while wind considerably increased emi-
gration rates and allowed for long-distance dispersal.
Nevertheless, on the 500-km scale of the English Chan-
nel, the model suggests three groups with no or very lit-
tle interchange between but with high interconnectivity
within these groups of occupied sites.

Wind and other factors may render larval dispersal in
coastal waters a rather hazardous endeavour. Armonies
and Reise (2003) estimate that macrobenthic species use
less than half of the suitable sites within a semi-enclosed
embayment. Such a high proportion of empty habitats in-
dicates that colonization processes often fail and that lo-
cal extinction may be rather common in most coastal
populations. This also implies for marine reserves that
these should be either large or many to be effective. On a
smaller spatial scale, individuals may have to decide
whether to stay in a less suitable area or move to a better
one at the cost of an increased risk of mortality during
the migration. This may result in spatial distributions de-
viating from the spatial arrangement of the physiologi-
cally optimal sites (van der Meer et al. 2003). Thus, the
suitability of an area as a marine reserve needs to be de-
rived from the long-term fitness of a species instead of
mere abundance estimates.

The analysis of highly polymorphic microsatellite loci
on genomic DNA in benthic adults of the polychaete 
Pectinaria koreni indicates that worms occurring in bays
about 100 km apart apparently show little connectivity by
larval transport (Jolly et al. 2003). This was surprising
because previous demographic comparisons have sug-
gested a large source population for one bay and a sink
for the other. Apparently, population genetics are indis-
pensable in the analysis of spatial population structures in
the marine environment. By combining genetic data with
demographic and geographic information, density-depen-
dent emigration was shown in the dynamics of a grey seal
metapopulation (Gaggiotti et al. 2002). However, caution
is advised because different genetic methods may gener-
ate quite different conclusions (see Hummel 2003).

At the coast, metapopulations are likely to occur in
species which are confined to estuaries or lagoons sepa-
rated from each other. Evidence for this is provided for a
bivalve with demersal eggs and a short larval phase 
(Reise 2003). In this particular case, coastal development
has caused habitat fragmentation very similar to what
has happened in the terrestrial realm. Knowing about
metapopulation dynamics may help to design a conser-
vation scheme at the appropriate spatial scale. Because
of long-distance dispersal of larvae, such areas may ex-
pand over hundreds or even thousands of kilometres
along the coastline while physiological plastic responses
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may help to buffer environmental variability experienced
across such a large area (Giménez 2003).

Metapopulation structure may also be detected in in-
tertidal rock pools. Despite tidal flushing and wave
wash, separate local population dynamics were apparent
in harpacticoid copepods (Johnson 2001). Pointing to the
need to consider time scales, the pools could be regarded
as individual systems for about one month. Metapopula-
tions, however, need not to be a strictly coastal phenom-
enon. Gutow and Franke (2003) predict for the isopod
Idotea metallica, feeding and reproducing on drifting
patches of kelp or other objects, that metapopulation
structure may arise mostly in the open sea. Near the
shore, these drifting patches with groups of isopods often
merge with others, are likely to become stranded or colo-
nized by I. baltica, a dominant competitor.

These examples, together with other published case
studies (see Fig. 1), show that applications of the meta-
population concept to marine organisms for management
purposes as well as for improving basic knowledge on
spatial population ecology may be somewhat more diffi-
cult than on land but certainly are no less rewarding, and
open the gates to a wide field of research.
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