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When we sent Alan Berryman a first draft of this essay
for review, he sent us back an unpublished manuscript
that discussed similar questions and possible solutions
(Berryman 1999, 2002). Consequently, we decided to
submit these two essays together in the hope of stimu-
latingecologists to think about how they defineand use
thepopulation concept. Thepopulation concept is cen-
tral to ecology and evolution. The definition of a
population represents a fundamental problem for un-
derstanding ecological dynamics, and it haswide impli-
cations for applied issues such as management and
conservation. Further, the population concept merges
evolution and ecology, because interactions between
conspecific individuals, as well as between species (ene-
mies,mutualists, etc.) and theenvironment arereflected
in survival and reproduction rates. These rates deter-
minepopulation dynamics and thus represent thebasic
elements of natural selection and microevolutionary
forces (Futuyma 1986). Therefore, populations are
faced with evolutionary and ecological forces, both
operating through demographic processes (Caswell
1989, Futuyma 1986). Consequently, theway ecologists
define populationsmay change drastically the theoreti-
cal framework used to understand nature, leading to
divergent views on the dynamics of ecological systems,
such as the non-equilibrium versus equilibrium
paradigms (Berryman 1987).
A review of current ecological textbooks reveals that

the population concept is usually defined very broadly
or from the observer’s perspective (Berryman 1981,
Dodson et al. 1998), where the ultimate criterion refers
not to biological variables but rather to undefined or
dimensionless spatial aspects such as ‘‘area’’, ‘‘place’’,
or so. Despite its plasticity to account for different
research objectives this type of definition may not be
useful to represent natural populations, and to develop
theoretical and empirical tools for understanding these
biological entities. In particular, a common problem

with the population concept is how to distinguish the
area and spatial structure of a population (Yablokov
1986), which is in close relation with the problem of
what is an appropriate scale for studying natural popu-
lations. Thedifficulty in defining a population hasbeen
augmented due to thewidespread useof the ‘‘metapop-
ulation’’ term (Hanski 1997, Hanski and Gilpin 1999,
but see Hastings and Harrison 1994 for criticisms). As
also noted by Berryman (see companion paper), in
most metapopulation studies there is no clear definition
of a ‘‘local population’’ or ‘‘metapopulation’’ because
the concept of ‘‘population’’ is not explicitly defined.
Even in the first formal proposition by Levins (1969),
themetapopulation was conceived as a suite of dimen-
sionlessunits, thus emphasizing operational rather than
natural criteria. While the heuristic and practical value
of the metapopulation frame can hardly be disputed
when applied to patch dynamics, its terms and defini-
tions do not necessarily convey more biological reality
than that implicitly assumed by the researcher.
On the other hand, an increasingly popular notion is

leading to additional difficulties. Many studies on
marine intertidal systems emphasize the ‘‘openness’’ of
such populations as a specific property that renders
themdifferent fromother (especially terrestrial) popula-
tions, and consider the latter as a paradigmatic case of
closed systems (Roughgarden and Iwasa 1986, Rough-
garden et al. 1994, Caley et al. 1996). In fact, some
authors (e.g. Roughgarden et al. 1985) propose that
becausemost sessile marine species release their larvae
to the ocean, open models that incorporate the arrival
of larvae from other adult populations should describe
their populations. Such a framework isconsideredmore
realistic than the stock-recruitment approach (Rough-
garden et al. 1985, 1988, Caley et al. 1996). In this
context, ‘‘openness’’ is seen as theprimary condition of
marine benthic populations when observed at local
scales (Gaines and Roughgarden 1985) and, as a conse-
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quence, the spatial dimension becomes another con-
founding element in the use of the population concept.
Nevertheless, the view of marine populations as open
systems has been widely accepted, to the extent that
many authors acknowledge the issue as a new
paradigm, even if theymight disagree(e.g. Cowen et al.
2000).
In thisessay, wereview and discusswhat weconsider

the problems and misunderstandings related to the
definition and identification of natural populations (see
Berryman 2002), as well as the importance of popula-
tions as real units in ecology. We focus on how choos-
ing inappropriate spatial scales may drastically change
the way a population is defined. Our aim is to deter-
mine the influence of thedifferent views of thepopula-
tion concept on our perception of the dynamics of
natural systems. In particular, wepropose that popula-
tions are real biological units that have a precise and
unambiguousmeaning when they are analyzed at their
proper spatial scale.

Back to Darwin: a tacit concept of
population?

Thecurrent vaguenessof population concepts is likely a
symptom of a tendency to describe and classify study
units rather than to identify their nature. Arbitrary
definitions of study units have appeared in most of the
important debates throughout the history of ecology,
and are apparently rooted in the very beginning of
modern biology. By way of example, the ‘‘Origin of
Species’’ contains interesting clues. Despite themarked
influence of Malthus’ ‘‘Essay on Population’’ on Dar-
win, and his detailed examination of species’ varieties
based on the comparative analysis of local populations
(as we call them today), Darwin made no attempt to
definea population. Of course, he realized that popula-
tions form species, and that he was actually dealing
with populations (not species) most of the time. Per-
haps a precise definition of population was not neces-
sary for the development of 19th century biology, and
such requirement has arisen due to thespecific needs of
new research fields during the 20th century. Nonethe-
less, Darwin was indeed concerned with population-
level phenomena (instead of populations themselves)
and, in this respect, hemay beconsidered a theory-free
observer. In fact, the ‘‘Origin of Species’’ contains, in
explicit or implicit terms, a number of ‘‘modern’’ ideas
such as: 1) some rare species are more abundant in
some patches with favorable conditions that enable
them to sustain the species during less favorable peri-
ods. 2) Plants develop better at the center of their
geographical distribution, unless they are strongly af-
fected by local biological interactions. 3) M igration
dynamics is as important to a species’ persistence as is

theexistenceof favorable conditions in a given habitat.
4) ‘‘Lower’’ organisms (usually small) have broader
distributions than ‘‘higher’’ organisms (usually large).
Using current terminology, the above ideas might be
described as rescue effects, propagule rain, source-sink
dynamics and immigrant pools, and body size relation-
ships respectively. However, just likemodern ecologists,
Darwin did not see the need for a proper definition of
population. Moreover, it appears that Darwin consid-
ered populations (both terrestrial and marine) as open
rather than closed systems, and species as suites of
populations connected by or dependent on migration.
Apparently, these insights were eclipsed by the main
themes of fitness and the struggle for existence, and
thus the population concept had to be reinvented by
early population geneticists and ecologists. It is strange
that early ecologists opted for the view of closed popu-
lations dominated by local factors, but even stranger is
that, after a century of population studies, ecologists
continue to operatewith population abstractions, lack-
ing a proper definition or a general agreement.

Definitions of population

The population concept was loosely applied to any
group of individuals, but began to acquire a termino-
logical meaning in the 1940s–1950s (Yablokov 1986).
For most modern ecologists the definition of a popula-
tion goes along the lines of ‘‘a group of conspecific
individuals inhabiting a given area’’. However, as
Berryman (1999, 2002) has noted, this definition carries
a considerable ambiguity on what ismeant by ‘‘a given
area’’. Among thefirst to include the spatial dimension
in the definition of population were Andrewartha and
Birch (1954, 1984). They were aware of the spatial
heterogeneity and patchiness of density of organisms in
nature and their definition included (implicitly) two
different spatial scales. They explicitly defined what
theymeant by ‘‘natural population’’ and ‘‘local popula-
tion’’, with the former consisting of several ‘‘local pop-
ulations’’. The main feature of their ‘‘natural
population’’ is that interchange of individuals by dis-
persal is negligible or nonexistent because ‘‘natural
populations are surrounded by an ecological barrier’’,
and in many cases the boundaries of a natural popula-
tion is the species distribution. The concept of ‘‘local
population’’ wasbased on two ideas:1) that individuals
in local populations interact chiefly with conspecifics
and respond to a particular environment; 2) that local
populationsarestrongly influenced by immigration and
emigration between local populations and have high
probabilities of extinction and re-colonization. This
second idea is at the root of theextinction-colonization
dynamics proposed by metapopulation theory (Hanski
1997). Andrewartha and Birch’s approach emphasizes
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