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The word individual has a meaning in
biology and in the philosophy of biol-

ogy. Here, I deal with the biological con-
cept. In biology, such a concept links dar-
winian selection with population biology,
and is therefore central to both ecologi-
cal and evolutionary theories. However, in
spite of its importance, current literature
shows great ambiguity in the use of the
term individual. As Hull1 remarked, the
term individual is sometimes used synony-
mously with any kind of organism but at
other times is used in a more strict sense,
to denote a well integrated and localized
entity with reasonably well delimited
boundaries in space and time. Although
efforts have been devoted to define the
limits of individuality1–4, most definitions
provided are plagued with exceptions.

Part of the problem seemingly arises
from a limited analysis of the attributes
traditionally used to characterize indi-
viduality. No single study seems to have
formally analysed those attributes. A
search of the literature indicates that
genetic homogeneity5, genetic unique-
ness5, and physiological unity and auton-
omy6 have been considered the key at-
tributes. The concept of an individual has
traditionally involved the simultaneous
holding of these three attributes. Each
attribute was conceived as being invari-
ant and was expected always to be pres-
ent. Organisms failing to show some of
the attributes described were regarded
as exceptions.

Relevant biological information accu-
mulated over the past 15 years has docu-
mented numerous organisms lacking one
or more of the classic attributes of indi-
viduality. Thus, exceptions have be-
come too numerous to be regarded only
as exceptions. Such an abundance of
exceptions suggests that the presently

accepted concept of an individual is too
restrictive and should be revised.

Classic attributes of individuality
Genetic uniqueness

This was considered one of the attrib-
utes of individuality because the posses-
sion of a unique genotype should render
an individual different from other individ-
uals of the same species5–7. The concept
was mainly based on unitary individuals.
Individuals with non-unique genotypes
(e.g. monozygotic twins or vegetatively
produced offspring) were regarded as
exceptions to this invariable attribute.

Studies of clonal organisms have
demonstrated both the limited validity 
of the above generalization and the exist-
ence of variability within this attribute.
Clonal organisms grow and propagate
through autoreplication of genetically
identical units, which can survive and
function independently when natural or
experimental processes separate them
into pieces8–10. Thus, clonality enables a
given genotype to be simultaneously 
exposed to various environments, with
different probabilities of survival and
propagation of that genotype in those
environments10,11. This type of growth
and propagation is common among some
invertebrates2,3, is widely represented
among terrestrial plants10 and also seems
to be widespread among multicellular
marine algae12.

The abundant representation of clo-
nal growth in different types of organ-
ism questions the invariability of the con-
cept of genetic uniqueness. The genome
is unique in individuals of some types 
of organism (mainly sexually reproduc-
ing unitary ones), whereas in others it
can have a variable number of replicas
through clonal propagation.

Genetic homogeneity
This idea originated in the postu-

lates of Weismann5 who (in relation to
sexually reproducing individuals) distin-
guished between cells with and without
genetically heritable material. Because
not all cells contain heritable material
and because selection acts at the level of
individuals, for selection to act the indi-
viduals were assumed to be genetically
homogeneous. Research on clonal and
unitary organisms has, however, identi-
fied many instances of genetic changes
during ontogeny, which are not heritable
in unitary organisms but can be inher-
ited in clonal organisms13,14. Somatic mu-
tations, gene duplications, intragenomic
recombinations or changes in ploidy
level can occur during the replication 
of a ramet, modifying one or several of 
its phenotypic characteristics. These
changes have been reported in a variety of
clonal invertebrates2, land plants3,10,11,15,16

and marine plants12,17,18. When these gen-
etic changes occur in the meristematic
cells of a seaweed or of a land plant, the
cells derived from them will carry the
mutation. The mutation can also be
expressed in the gametes derived from
these cells and in branches and new
plants that originate through asexual re-
productive mechanisms15.

Thus, genetic homogeneity is also a
variable attribute. Some organisms, es-
pecially unitary ones, are closer to being
genetically homogeneous or undergo
only a small number of genetic changes
during ontogeny. However, clones can
also be genetically stable or display
either small or large genetic variability.

Autonomy and physiological unity
Huxley6 suggested that autonomy and

physiological unity were primary at-
tributes of the individual in the Animal
Kingdom. Individuals were recognized as
naturally closed and isolated systems,
whose morphological and functional
heterogeneity only acquire any real sig-
nificance when considered with respect
to the whole. Individuals were consid-
ered autonomous whenever they could
use the external world for their pur-
poses, among which was the continuity
of the whole. The individual should pos-
sess independence with respect to the
forces of nature and should function in
such a way that it and the new individ-
uals that derive from it have the ability to
continue functioning in a similar way. 
In other words, the individual can act
independently when responding to the
environment in a way that allows it to
reproduce.

Social insects that live in colonies are
the best examples of organisms that do
not fulfill the attributes of unity and
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autonomy characterizing individuality1,3,19.
A colony can be understood as an orga-
nized whole, within which its component
individuals do not relate to their environ-
ment in an isolated manner, but as parts
of a whole. Only a few members of the
colony transfer their gametes to the next
generation. Because of this, authors such
as Wilson20 recognized that the colonies,
and not their component individuals, are
the units of selection. In such cases, the
characteristic of autonomy can no longer
be applied to those individuals skipping
reproduction. ‘Working’ individuals of
eusocial colonies of insects might be able
to act independently with respect to
their environment, but they cannot
reproduce independently.

In spite of the abundance of social
insects, this lifestyle has also been re-
garded as an exception among the gener-
ally autonomous members of the Animal
Kingdom, and special efforts have been
devoted to understanding its evolution-
ary processes21–27.

Recent studies on seaweeds28 have
also reported lack of autonomy among
some red algae. During ontogeny, geneti-
cally different spores can coalesce and
partially fuse, forming what macroscopi-
cally looks like a single individual. These
genetically polymorphic mosaics of ag-
gregated fronds often have higher growth
rates towards the centre of the ‘individ-
ual’. This results in inequalities in size
with a few axes in the centre of the clump
being responsible for most of the bio-
mass29. These large fronds mature earlier
than the peripheral fronds and, in some
cases, are the only ones that produce
sexual or asexual spores. Peripheral indi-
viduals in these aggregations remain
sterile.

The ability of red algae to fuse and
coalesce ensues from the lack of a cell
wall in the early stages of development
and from the occurrence of secondary
cellular connections during the devel-
opment of the coalescent masses of
spores28–30. These characteristics have
not been observed in terrestrial plants,
which means that similar phenomena
involving coalescence and natural for-
mation of chimera might be rare. In fungi,
however, the formation of chimeric or-
ganisms is common and tends to be
achieved through cytoplasmic fusions.
Such fusions generally result in increased
size. In turn, increases in size result in
decreased mortality from competition 
or predation and in earlier reproduc-
tion. Furthermore, the increase in vari-
ability derived from the chimeric nature
of the fungal mycelia enables them to
exploit environmental conditions that
would otherwise not allow the separate
growth of the two individual components

of the chimera2. Thus, the applicability of
concepts of independence and autonomy
to some algae and to many species of
fungi is also questionable. Together with
the examples from invertebrates and al-
gae already discussed20–30, the evidence
from fungi suggests that autonomy is
also an attribute of individuality that can
be present or absent in different kinds 
of organism.

Introducing variability into
parameters of individuality

Given that all the attributes of indi-
viduality can be present or absent, they
can no longer be thought of as absolute,
invariable characters. Combining the
respective presence or absence of these
attributes yields a 2 3 2 3 2 matrix,
which results in eight units, each of
which can potentially accommodate a

major kind of individual (Box 1). Here,
the variability of each axis is consid-
ered to be minimal and restricted to 
the presence or absence of a given at-
tribute. Such a distinction has proved 
to be useful. Thus, genetic uniqueness
sets the limit between unitary and clonal
organisms. Presence or absence of gen-
etic homogeneity allows us to distin-
guish between stable and unstable clones,
and the lack of autonomy sets social
insects and chimeric organisms apart
from all other kinds. Genetic homo-
geneity and autonomy are discrete char-
acters, but future research might docu-
ment continuous variability on the axis of
genetic homogeneity. Although in such a
case the number of combinations would
be reduced, there would still be grounds
to distinguish between several kinds of
individual.
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Box 1. Kinds of individual defined by presence (1) or absence (2) 
of three individuality attributes

The three attributes of individuality (genetic uniqueness, genetic homogeneity and autonomy) are con-
ceived as axes with the minimal possible variability (presence, 1; or absence, 2). This results in eight
possible combinations, each defining a kind of individual. Unit A includes unitary individuals, the only
kind fulfilling all three traditional requirements of the concept of individuality. Unit B accommodates
organisms lacking autonomy (e.g. workers in social colonies). Units C and D include organisms with
genetic uniqueness but with genotypes that change markedly during ontogeny. Given that many kinds of
lethal tumor develop as cellular clones from genetic changes in single cells of unitary organisms31, there
might be biological constraints in these character combinations. Quantification of genetic change by
means of molecular biology techniques32–36 during ontogeny of unitary and social organisms should reveal
whether organisms in units C and D actually exist. Units E and G include clones, defined as organisms
that propagate by self-replication of genetically identical units. The distinction between stable (unit E) and
unstable (unit G) clones also awaits research on genome stability. Unit H includes aggregated and
chimeric organisms with clonal propagation, genetic instability and lack of autonomy. Some red algae
and fungi show this and consequently comprise the most divergent type of individual organization com-
pared with the currently accepted concept of individuality. Unit F includes not only genetically homoge-
neous individuals lacking autonomy (such as workers of social colonies), but also those lacking genetic
uniqueness (as clones do). Such a combination might be potentially viable, but has not been reported for
any kind of organism.

(Online: Fig. I)
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One might wonder if the number 
of kinds of individual could be increased
by the inclusion (Box 1) of additional 
attributes beyond the three classic
dimensions of individuality and, if so,
what conditions such attributes should
fulfill. If the individual is to be considered
as a unit of selection, then such a unit
should be characterized by possessing
heritable variation in fitness. Any ad-
ditional attribute significantly affecting
this characteristic could be incorporated
in a new classification system. Future re-
search should critically evaluate the
links between the classic notions of gen-
etic uniqueness, genetic homogeneity
and autonomy with heritable variation 
in fitness. For example, some deleteri-
ous mutations in multicellular organ-
isms that lead to loss of cells and tissue
function and consequently cause the pro-
liferation of non-cooperating cells might
threaten the individual integrity of or-
ganisms, decreasing their heritability of
fitness4.

Some biological implications
Types of individual and the Kingdoms
of multicellular organisms

Several of the potentially viable kinds
of individual predicted from Box 1 are
represented in all the Kingdoms of multi-
cellular organisms. Thus, unitary indi-
viduals are especially well represented 

in the Animalia, but unitary individuals
also exist in the Plantae, Mycota and
among the multicellular Protista (e.g.
seaweeds). Stable and unstable clones
are abundant among Plantae and multi-
cellular Protista, but this kind of individ-
ual also exists among the Mycota and in
the Animalia (e.g. Bryozoa and Hydro-
zoa2). Chimeric individuals are common
among the Mycota and red seaweeds.
However, they have also been found
among marine invertebrates (e.g. Tuni-
cates37–39). Thus, each of the four King-
doms of multicellular organisms contains
unitary, chimeric and clonal individuals.
Therefore, none of these kinds of indi-
vidual organization should be regarded
as an exception. They could be excep-
tions within a given Kingdom (such as
chimeric individuals in the Animalia), but
none of them seems an exception when
all Kingdoms are considered. This find-
ing suggests a polyphyletic origin of simi-
lar kinds of individual organization in the
various Kingdoms and indicates that these
alternatives of individual organization
have existed in each Kingdom indepen-
dently of the relative abundance displayed
by these forms at present. Comparative
studies of similar kinds of individual
across different Kingdoms should help
characterize, in a broader sense, the life-
style and adaptive traits involved in each
kind of individual organization.

Although unitary, clonal and chimeric
individuals exist in each Kingdom of
multicellular organisms, their relative
abundance within each Kingdom are very
different. Furthermore, if each Kingdom
is placed in the framework of the three
attributes according to which kind of
individual is most widespread in that
Kingdom, then they occupy different por-
tions of the matrix (Fig. 1). This suggests
that not all kinds of individual organiz-
ation are equally suited for the very dif-
ferent roles performed in natural sys-
tems by a typical member of the Plantae,
the multicellular Protista, the Animalia or
the Mycota. Because a typical member of
each of the Kingdoms relates differently
to the environment compared with mem-
bers in other Kingdoms40,41, it should have
been anticipated that they would differ in
their respective individuality attributes,
much as they do in subcellular, cellular
and structural organization.

Some evolutionary and ecological
consequences

The combined presence or absence
of the three classic attributes of individu-
ality, now conceived as axes (Box 1),
characterizes each kind of individual as a
unit of selection and by its relationship
with the environment. On the one hand,
although these three attributes are inti-
mately related in any major biological
process, it is possible to suggest that
genetic uniqueness and genetic homo-
geneity are the axes principally related to
evolutionary processes, including local
adaptations, evolutionary rates, speci-
ation and diversity. On the other hand, the
autonomy axis is principally related to
ecological processes, such as competition,
mutualisms and social organization.

Because different kinds of individual
occupy different parts of the axes (Box
1), predictions about ecological and evo-
lutionary responses of one kind of indi-
vidual based on the responses of indi-
viduals situated in a different part of 
each axis would probably be misleading.
For example, a growing body of litera-
ture2,10,11,13–15 is correcting predictions
about processes of selection in clonal
individuals that were previously based
on unitary individuals. Similarly, differ-
ences in selection and evolutionary rates
have been suggested between genetically
homogeneous and genetically hetero-
geneous clones3,15, and it is likely that simi-
lar types of difference would be found
when comparing other kinds of individ-
uals or other kinds of processes.

Alternatively, comparative studies on
ecological and evolutionary responses of
different kinds of individual placed in simi-
lar portions of a given axis (Box 1) should
help to outline convergent responses.
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Fig. 1. Distribution of the representative members in the four Kingdoms of multicellular organisms as a
function of presence (1) or absence (2) of the three classic attributes of individuality (genetic unique-
ness, genetic homogeneity and autonomy). The question mark indicates the theoretical existence of
genetically homogeneous individuals lacking autonomy and genetic uniqueness. Such a combination is
potentially viable but such a kind of organism is not yet known.
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The study of group selection or the evo-
lution of cooperation could be used as an
example. Levels in the biological hierarchy
– genes, chromosomes, cells, organisms,
kin groups, groups, and so on – possess
heritable variation in fitness and conse-
quently function as units of selection42.
Beginning with Buss43 and more recently
with Maynard Smith and Szathmáry44,45,
attention has focused on understanding
transitions between these different lev-
els of individuality. Such a transition
from solitary organisms to group-living
or societies involves the emergence of
cooperation among the lower-level units
(i.e. ‘workers’ in a colony of social in-
sects) to ensure the functioning of the
new higher-level unit (i.e. the colony) and
the regulation of conflict among the
lower-level units42–45. Such concepts are
applicable to any kind of organismal con-
glomerate, including chimera and coa-
lescing seaweeds. Up to now, their appli-
cation has been restricted to the study of
social animals only.

Closely related to the evolution of
cooperation is the role of positive inter-
actions in ecological systems. In tra-
ditional ecological theory, which is heavily
influenced by the study of autonomous
individuals, positive interactions have
often been treated as exceptions in bio-
logical systems. Under this new charac-
terization, it is clear that they should be
looked at again. In coalescent and chi-
meric organisms and, more generally, in
all those that lack independence and
autonomy, the importance and complex-
ity of positive interactions have probably
been underestimated.

The distinction between different
kinds of individual according to the
scheme developed here would help to
make more meaningful comparative
analyses of ecological and evolutionary
processes in different organisms. It
would also allow an expansion and re-
evaluation of many concepts in popu-
lation biology and natural selection that,
to date, have been based mainly on the
study of unitary individuals. There are
many different kinds of individual out
there and some of them are still waiting
to be discovered.

Acknowledgements
Advice, comments and criticisms to
earlier drafts of this article by I. Abbott,
G. Branch, J.C. Castilla, F. Jaksic, 
P. Marquet, S. Navarrete, P. Sánchez, 
F. Smith and A.J. Underwood are
acknowledged with gratitude. I am
grateful to J. Lubchencho for reviewing
and bringing the article to the attention
of the Editor. Comments by four
anonymous reviewers also are
appreciated. This study was supported
by grant FONDECYT 1960646.

References
1 Hull, D.L. (1980) Individuality and selection,

Annu. Rev. Ecol. Syst. 11, 311–332
2 Buss, L. (1985) The uniqueness of the

individual revisited, in Population Biology and
Evolution of Clonal Organisms (Jackson, J.B.C.,
Buss, L. and Cook, R.C., eds), pp. 467–505, Yale
University Press

3 Gill, D.E. et al. (1995) Genetic mosaicism in
plants and clonal animals, Annu. Rev. Ecol.
Syst. 26, 423–444

4 Michod, R.E. (1996) Cooperation and conflict
in the evolution of individuality. II Conflict
mediation, Proc. R. Soc. London Ser. B 263,
813–822

5 Weismann, A. (1904) The Evolution Theory,
Edward Arnold

6 Huxley, J. (1932) The Individual in the Animal
Kingdom, Cambridge University Press

7 Simpson, G.G., Pittendrigh, C.S. and Tiffany,
L.H. (1957) Life: An Introduction to Biology,
Harcourt Brace

8 Cook, R.E. (1985) Growth and development 
in clonal plant populations, in Population
Biology and Evolution of Clonal Organisms
(Jackson, J.B.C., Buss, L. and Cook, R.C., eds),
pp. 259–296, Yale University Press

9 Jackson, J.B.C., Buss, L.W. and Cook, R.E.
(1985) Clonality: a preface, in Population
Biology and Evolution of Clonal Organisms
(Jackson, J.B.C., Buss, L. and Cook, R.C., eds),
pp. ix–xi, Yale University Press

10 Harper, J.L. (1985) Modules, branches and the
capture of resources, in Population Biology
and Evolution of Clonal Organisms (Jackson,
J.B.C., Buss, L. and Cook, R.C., eds), pp. 1–30,
Yale University Press

11 Harper, J.L., Rosen, B.R. and White, J. (1986)
The growth and form of modular organisms –
preface, Philos. Trans. R. Soc. London Ser. B
313, 3–5

12 Santelices, B. and Varela, D. (1993) Intra-clonal
variation in the red seaweed Gracilaria
chilensis, Mar. Biol. 116, 543–552

13 Tuomi, J. and Vuorisalo, T. (1989) What are
the units of selection in modular organisms?
Oikos 54, 227–233

14 Fagerström, T., Briscoe, D.A. and Sunnucks, P.
(1998) Evolution of mitotic cell-lineages in
multicellular organisms, Trends Ecol. Evol. 13,
117–120

15 Whithmann, T.G. and Slobodchnikoff, C.N.
(1981) Evolution by individuals,
plant–herbivore interactions and mosaics of
genetic variability: the adaptive significance
of somatic mutations in plants, Oecologia 49,
287–292

16 Watkinson, H.R. and White, J. (1986) Some life-
history consequences of modular
constructions in plants, Philos. Trans. R. Soc.
London Ser. B 313, 31–51

17 van der Meer, J. and Todd, E.R. (1977)
Genetics of Gracilaria sp. (Rhodophyceae,
Gigartinales). IV Mitotic recombination and
its relationship to mixed phases in the life
history, Can. J. Bot. 55, 2810–2817

18 van der Meer, J. and Zhang, X. (1988) Similar
unstable mutations in three species of
Gracilaria (Rhodophyta), J. Phycol. 24,
198–202

19 Emerson, A.E. (1959) Social insects, Encycl. Br.
20, 871–878

20 Wilson, D.S. (1971) The Insect Societies,
Harvard University Press

21 Wilson, D.S. (1975) A general theory of group
selection, Proc. Natl. Acad. Sci. U. S. A. 72,
143–146

22 Wilson, D.S. (1977) Structured demes and the
evolution of group advantageous traits, Am.
Nat. 111, 157–185

23 Maynard Smith, J. (1976) Group selection,
Q. Rev. Biol. 51, 277–283

24 Wade, M.J. (1977) An experimental study of
group selection, Evolution 31, 134–153

25 Axelrod, R. and Hamilton, W.D. (1981) The
evolution of cooperation, Science 211,
1390–1396

26 Buss, L. (1981) Group living, competition and
the evolution of cooperation in sessile
invertebrates, Science 213, 1012–1014

27 Michod, R.E. (1982) The theory of kin
selection, Annu. Rev. Ecol. Syst. 13, 23–55

28 Santelices, B. et al. (1996) Sporeling
coalescens and intraclonal variation in
Gracilaria chilensis (Gracilariales,
Rhodophyta), J. Phycol. 32, 313–322

29 Martínez, E. and Santelices, B. (1992) Size
hierarchy and – 3/2 ‘Power law’ relationship
in a coalescent seaweed, J. Phycol. 28, 
259–264

30 Maggs, C.A. and Cheney, D.P. (1990)
Competition studies of marine macroalgae in
laboratory culture, J. Phycol. 26, 18–24

31 Nowell, P.C. (1976) The clonal evolution 
of tumor cell populations, Science 194, 
23–28

32 Amos, W. and Dover, G.A. (1990) DNA
fingerprinting and the uniqueness of whales,
Mamm. Rev. 20, 20–30

33 Welsh, J. and McClelland, M. (1990)
Fingerprinting genomes using PCR with
arbitrary primers, Nucleic Acids Res. 8,
7213–7218

34 Parker, P.G. et al. (1998) What molecules 
can tell us about populations: choosing 
and using a molecular marker, Ecology 79,
361–382

35 Avise, J.C. (1994) Molecular Markers, Natural
History and Evolution, Chapman & Hall

36 Weising, K. et al. (1995) DNA Fingerprinting in
Plant and Fungi, CRC Press

37 Grosberg, R.K. and Quinn, J.F. (1986) The
genetic control and consequences of kin
recognition by the larvae of a colonial
marine invertebrate, Nature 322, 456–459

38 Paine, R.T. (1990) Benthic macoalgal
competition: complications and
consequences, J. Phycol. 26, 12–17

39 Maldonado, M. (1998) Do chimeric sponges
have improved chances of survival, Mar. Ecol.
Prog. Ser. 164, 301–306

40 Whittaker, R.H. (1969) New concepts of
kingdoms of organisms, Science 163, 150–160

41 Margulis, L. (1971) Whittaker-five kingdoms of
organisms: minor revisions suggested by
considerations of the origin of mitosis,
Evolution 25, 242–245

42 Michod, R.E. and Roze, D. (1997) Transition in
individuality, Proc. R. Soc. London Ser. B 264,
853–857

43 Buss, L. (1987) The Evolution of Individuality,
Princeton University Press

44 Maynard Smith, J. (1990) Models of a dual
inheritance system, J. Theor. Biol. 143, 
41–53

45 Szathmáry, E. and Maynard Smith, J. (1995)
The major evolutionary transitions, Nature
374, 227–232

PERSPECTIVES


