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Organisms or biological individuals? Combining
physiological and evolutionary individuality
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Abstract The definition of biological individuality is one of the most discussed
topics in philosophy of biology, but current debate has focused almost exclusively
on evolution-based accounts. Moreover, several participants in this debate consider
the notions of a biological individual and an organism as equivalent. In this paper, I
show that the debates would be considerably enriched and clarified if philosophers
took into account two elements. First, physiological fields are crucial for the
understanding of biological individuality. Second, the category of biological indi-
viduals should be divided into two subcategories: physiological individuals and
evolutionary individuals, which suggests that the notions of organism and biological
individual should not be used interchangeably. I suggest that the combination of an
evolutionary and a physiological perspective will enable biologists and philosophers
to supply an account of biological individuality that will be both more compre-
hensive and more in accordance with scientific practices.
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Introduction

Biological individuality is one of the main topics of recent philosophy of biology
(Hull 1978, 1980, 1992; Sober 1991; Wilson 1999, 2005; Gould and Lloyd 1999;
Okasha 2006; Godfrey-Smith 2009; Clarke 2011; Pradeu 2012; Bouchard and
Huneman 2013; Wilson and Barker 2016). Yet philosophers of biology have
typically raised the problem of biological individuality (i.e., What, in the living
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world, constitutes a relatively well delineated and cohesive unit?) from the point of
view of evolutionary biology, leaving aside many biological fields where that
problem has also played a central role (Pradeu 2016). There are, in fact, many
different ways, in the living world, to count as one individual. Evolutionary biology,
developmental biology, immunology, the neurosciences, genetics, alongside several
other fields of contemporary biology, talk about biological individuality (Wilson
1999), and do so in various—and sometimes conflicting—ways. Confronting and
articulating these different perspectives is an important (if arduous) task, which is
likely to require the collaborations of biologists and philosophers of biology.

The pre-eminence of evolutionary approaches to biological individuality has had
two significant and unwelcome consequences. First, we find a conceptual reduction
of the notion of biological individual to the notion of evolutionary individual.
Second, we encounter a conceptual misidentification of biological individuals with
organisms, as if these two notions had the same meaning. In the present paper, 1
would like to argue that the three concepts (“biological individual”, “evolutionary
individual”, and “organism”) must be distinguished (see Fig. 1), against recent
attempts, by biologists and philosophers, to claim that they are equivalent (e.g.,
Queller and Strassmann 2009; West and Kiers 2009; Clarke 2013). I will try to show
that clarifying the differences between these concepts leads to a richer, more

Fig. 1 The broad category of “biological individual” can be divided into several subcategories,
including “physiological individual” and “evolutionary individual”, which only partly overlap
(demonstrated below). Though they are not discussed in this paper, additional subcategories can be
suggested, e.g., “ecological individual” (in which case it will be important to determine to what extent
they overlap with the two other subcategories)
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comprehensive, conception of biological individuality, by which philosophers can
better reflect how biologists themselves understand this notion. I defend five theses
in this paper:

1. Biological individuality is a multifaceted notion, which needs to be understood
from the point of view of several biological fields, evolutionary biology being
only one of them;

2. Physiological approaches to biological individuality have a long history and are
fundamental to the understanding of biological individuality;

3. The categories of “organism” and “biological individual” are not equivalent,
and should therefore not be used interchangeably;

4. One physiological field, immunology, can play a particularly crucial role in the
definition of biological individuality, because of the constant surveillance by the
immune system of the bodily constituents and its consequent contribution to the
delineation of the organism’s boundaries;

5. A satisfying concept of biological individuality requires the articulation of
different approaches to biological individuality, particularly a physiological and
an evolutionary approach.

The general point of this paper—about the importance of distinguishing
physiological individuals and evolutionary individuals has been made elsewhere
(Sober 1991; Hull 1992; Pradeu 2010; Godfrey-Smith 2013)—but it has failed to
convince some philosophers and biologists. My aim here is to make the arguments
for this claim more explicit, in the hope of convincing them.

Although the present paper suggests a distinction between physiological individu-
ality and evolutionary individuality, these dimensions by no means exhaust the diversity
of the concept of biological individuality. Important work has been done, for example,
on ecological individuality (Eldredge 1984; Huneman 2014), and several other fields
(e.g., the cognitive sciences) also have much to say about biological individuality.
Ultimately, philosophers of biology should consider the lessons stemming from various
biological fields about biological individuality, confront and synthesize them, with the
aim of building a unified account. This paper tries to go beyond mere pluralism by
insisting that it is useful not only to describe the different ways biologists talk about
biological individuality, but also to confront these distinct and sometimes divergent
perspectives, in order to integrate them into a richer and more unified framework."

The definition of physiological individuality and its importance
for biology and the philosophy of biology

At the most general level, the problem of biological individuality asks what, in the
living world, constitutes a relatively well-delineated and cohesive unit. Biological
boundaries are often fuzzy, and biological individuality is often question-dependent,
coming in degrees, and being realized at different levels. Despite these

! This can be done both within biology and between biology and other scientific fields, e.g., physics
(Guay and Pradeu 2016).
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uncertainties, it remains important, both for philosophers and, in some contexts, for
biologists, to identify biological individuals. One must, for example, be able to
count offspring (Sober 1984; Clarke 2011) and distinguish growth from reproduc-
tion (Herron et al. 2013), to make interspecies comparisons (Pepper and Herron
2008), to distinguish organisms from parts of organisms (Herron et al. 2013), and to
determine if tissues of one living thing can be transplanted into another living thing
(Loeb 1930). For centuries, one important way to raise the problem of biological
individuality has been to ask how distinct and heterogeneous components interact
and constitute a cohesive whole, functioning collectively as a regulated unit that
persists through time. This is the question of the unity of functioning, one which has
been raised mainly within the realm of physiology. In what follows, I aim to
examine this physiological account and to defend the view that it constitutes a
crucial component of reflections on biological individuality, one that philosophers
of biology cannot neglect.

Physiology, the “science of functions and constants of the functioning of living
organisms” (Canguilhem 1994a), centres on unity of functioning. Physiological
individuality consists in the interactions between bodily components and the
regulation of these interactions, particularly through control over variations. Claude
Bernard, one of the founders of modern physiology, was deeply concerned with this
problem (Holmes 1986; Canguilhem 1994b; Noble 2008). Bernard built on the work
of several previous thinkers, who, in the first half of the nineteenth century, had
suggested that, sometimes, what appeared as a living unit should be seen as a
plurality of elements. This idea, already expressed by Goethe in 1807,> was
strengthened by the formulation of the cell theory (by Schwann, Remak and
Virchow, in particular) (Duchesneau 1987; Bechtel 2006). Thus, we find Virchow
(1978 [1858]) writing: “What is an organism? A society of living cells, a tiny well-
ordered state.”

Continuing this line, Bernard sought to determine the most fundamental level of
physiological study. According to him, the most crucial and characteristic
phenomenon of life was nutrition—a broad and encompassing concept. By
“nutrition”, Bernard meant the process of destruction and construction that insures
the persistence of a living being® (Bernard 1974). For Bernard, therefore,
physiological units were persistent nutritive units—which he called units of
“organic creation.” Physiological units could be found at several levels, key ones
being the cell level and the multicellular organism level. The cell, in Bernard’s
view, was itself an organism, and the level at which most biological processes
occurred. The multicellular organism was a society of cells, with the parts having a
certain degree of anatomic autonomy but being at the same time functionally
subordinated to the whole. Functional unity was given by the “infernal milieu”, at
the level of the whole organism [a view shared and extended by many later
physiologists, particularly (Haldane 1929)]. The internal milieu insured that
modifications within the organism compensates environmental changes that affect

2 “Every living being is not a unity but a plurality”, quoted by Bernard (1974).

* “Nutrition is the continuous mutation of the particles that constitute the living being” (what Bernard
also calls “molecular renovation”).
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the organism, resulting in the maintaining of key constants (e.g., temperature,
glucose level, etc.).

Therefore, Bernard raised the problem of physiological individuality, understood
as a unit of functioning. For him, the aim of physiology was to determine how a
functional life is maintained in the continuous flux of destruction and construction
that characterizes any living thing.

The problem of physiological individuality (understood as the maintenance of a
unit of functioning through time) has been central to physiology ever since Bernard.
According to another major figure of modern physiology, Walter B. Cannon,
physiology seeks to explain “the ability of living beings to maintain their own
stability”, and the explanation is to be found in the concept of homeostasis, i.e., the
coordinated physiological reactions which actively maintain most of the steady
states in the body, despite external changes (Cannon 1926, 1929).* Similarly,
reflecting on twentieth-century physiology, Perlman (2000) notes that the idea of the
organism as an organized and functionally-integrated individual is pivotal in
physiology, a field that studies the “internal workings” and the “maintenance of
homeostasis in the internal environment” in organisms. Recent views extend these
physiological approaches to individuality via different conceptual and theoretical
tools, from systems biology in cardiology (Noble 2006, 2008) to control theory and
systems dynamics theory in the study of inflammation (Kotas and Medzhitov 2015).
Thus, the question of the unity of functioning and its maintenance through time
despite constant environmental changes is one of the most central questions of
physiology, at least from the nineteenth century onward.

Thus construed, the notion of physiological individuality is very broad. The study
of a physiological individual is the study of its life from conception to death. It
incorporates key aspects of several different fields, particularly embryology (the
description of the origination and maturation of living things),’ anatomy (the
exploration of biological form through the description of its component parts, such
as téssues and organs), as well as immunology, the neurosciences, endocrinology,
etc.

Because of its high level of generality, the notion of a physiological individual
remains sometimes vague. Nevertheless, it can be made more precise in different
ways. One crucial aspect of physiological individuality (though not the only one)
concerns metabolism. “Metabolism” refers to all the chemical reactions involved in
maintaining the living state of cells and organisms, through the breakdown of
molecules to obtain energy (“anabolism”) and the synthesis of the compounds used
by the cell (“catabolism”). Among biologists, the idea that metabolism is key to
defining biological individuality has been prominent since the beginning of the

4 The concept of homeostasis is still widely used in today’s physiology, e.g., Rowland (1998), Cowley
(2003), Walz (2005), DiBona (2005). For a historical account, see Cooper (2008).

5 Of course, developmental individuality can be explored for its own sake in extremely stimulating ways
(e.g., Gottlieb 1992; Minelli 2011), but as soon as one conceives physiological individuality as
concerning a unit of functioning from its beginning to its end, it includes the development of that unit.

6 It is even related to at least some understandings of biological individuality in ecology, where the focus
is on understanding the nature and extent of interactions among constituent parts within an ecosystem
(Huneman 2014).
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twentieth century (e.g., Child 1915). In recent philosophy of biology, Dupré and
O’Malley (2009) have suggested a distinction between two broad categories of
living things—metabolic things and lineage-forming things (see also Godfrey-Smith
2013). Though I see the focus on metabolism as useful, I prefer to focus here on
physiological units rather than metabolic units, because many processes studied by
physiologists and related to the question of biological individuality are not described
in metabolic terms (though they generally rely on the existence of underlying
metabolic processes). In other words, physiological individuality includes, but is not
reducible to, metabolic individuality. That said, the study of metabolism is one of
the ways by which the notion of physiological individuality can be specified.

More generally, the biological disciplines that are the descendants of physiol-
ogy—including the neurosciences, endocrinology, and immunology—offer precise
and specific lessons about what counts as a unit of functioning. In the next section, I
show in detail how one of these fields (immunology) can contribute decisively to the
definition of physiological individuality. As we will see, the claim that the concept
of physiological individuality would be too vague to be scientifically and
philosophically useful is unsubstantiated.

Though it is often associated, at least intuitively, with the idea of a multicellular
organism (more on this below), physiological individuality can be realized at
different levels. As with Claude Bernard, a major (perhaps even the main)
physiological unit is the cell (including within a multicellular organism). Today,
many biologists work on cell physiology (Tyson et al. 2001). Physiology can also
deal with entities situated at higher levels, like integrative colonies of social insects
(Turner 2000). For Turner, physiology is “the science of how living things work”,
and, in termites such as Macrotermes natalensis, one can say [following (Liischer
1961)] that the mound functions for the colony as a colossal heart-lung machine (p.
195), and that the entire termite colony constitutes a physiological unit.’

Within philosophy of biology, physiological individuality has been much less
discussed than evolutionary individuality, but it is gaining increasing prominence
(e.g. Pradeu 2008; Dupré and O’Malley 2009; Pradeu 2010; Godfrey-Smith 2013;
Arnellos et al. 2013; Godfrey-Smith 2014) (see also Godfrey-Smith, this special
issue). The important point made by these authors is that, in addition to evolutionary
individuals, it is possible to identify physiological individuals, and that the two
categories are distinct, because an entity can be an evolutionary individual without
being a physiological individual, and vice versa (more on this below).

Physiological approaches to biological individuality have been crucial for
biologists, and philosophers of biology interested in the concept of biological
individuality must take these approaches into account. As suggested, one classic
objection of philosophers to physiology-based conceptions of biological individ-
uality is that they would be too vague (Hull 1992). In the next section, I will show
that one physiological field—immunology—can make a critical contribution to the
definition of a precise notion of physiological individuality.

7 In the second chapter of the book (“Physiology beyond the organism™), Turner (2000) says that the
science studying these higher-level physiological units can be called “physiological ecology”,
“ecophysiology”, or “environmental physiology” (p. 9). Later, he speaks of “superorganismal
physiology” (p. 179). See also Seeley (1995), Sober and Wilson (1998).
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Delineating the physiological individual: an immunological perspective
on biological individuality

Physiological individuality concerns the processes that insure the cohesion of the
different elements that constitute a functional living thing—the “glue” that brings
together the heterogeneous elements into a cohesive whole. Immunology, one of the
main fields of today’s physiology, sheds a critical light on this question, and can
therefore contribute decisively to a more precise definition of physiological
individuality. My claim about the pivotal role of immunity in our understanding of
physiological individuality is grounded in three main arguments (Pradeu 2012):

1. The immune system constitutes a discrimination mechanism, accepting some
entities in the organism and rejecting others, thus participating decisively in the
delineation of the organism’s boundaries;

2. Contrary to many bodily “systems” (e.g., digestive or respiratory), the immune
system is truly systemic (it exerts its influence everywhere in the organism);

3. All living things have an immune system, including prokaryotes, plants,
invertebrates and vertebrates, so an immunity-based account of biological
individuality applies to the whole living world.

After analysing how the notion of individuality has been central to immunology
for more than a century, I show why the immune system can be said to play such a
major role in biological individuality, and I suggest that philosophical investigations
into biological individuality must take into account the lessons offered up by
immunology.

Biological individuality has been a major issue for immunologists since at least
the end of the nineteenth century (Richet 1894, 1913; Loeb 1930, 1937; Medawar
1957; Burnet 1962; Hamburger 1978), as emphasized by many historians of the field
(Lowy 1991; Moulin 1991; Tauber 1991, 1994; Lowy 2003). Immunologists have
suggested that the immune system is involved in the definition of biological
individuality in at least three senses of “individuality” (Pradeu 2012):

1. Uniqueness What makes each biological individual unique? (e.g., Medawar
1957);

2. Delineation What are the boundaries of a biological individual? (Richet 1894;
Burnet 1962);

3. Persistence What insures that something remains the “same” biological
individual despite constant change? (Burnet 1962, pp. 38-41).

From a historical point of view, a major event for the construction of
immunology as a scientific field is the advent of serious transplantation medicine.
It is the study of transplantation that led Leo Loeb, Peter Medawar and Frank
Burnet, among others, to construct their reflections about biological individuality.
Leo Loeb shows, in several papers (Loeb 1930, 1937, 1953) and in a long book
entirely devoted to the topic of biological individuality (Loeb 1945), that there exist
degrees of biological difference (“individuality differentials”) among individuals,
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which reflect the uniqueness and unity of each individual, and explain the success or
failure of grafts. Medawar, who shared the Nobel Prize with Burnet in 1960 for their
work on immune tolerance to grafts, also examines the relation between
transplantation and the uniqueness of the individual, an idea further explored by
Jean Dausset, who demonstrated the existence of an histocompatibility system in
humans (Dausset 1981) (see also Hamburger 1978). A striking realization at that
time was that biological uniqueness is further reinforced by the fact that even
genetically identical individuals have different immune systems (Pradeu 2012).

In most cases, this triple dimension of immunological individuality—uniqueness,
delineation, and persistence—has been described within the framework of the self-
nonself theory of immunity. This theory has complex roots, but it is clear that
Burnet (1960, 1962, 1969) played a major role in its formulation and diffusion. In a
nutshell, the self-nonself theory says that the immune system does not respond to
endogenous constituents of the organism (“self”), while it rejects exogenous
constituents (“nonself™).

Research done in immunology since the 1980s, however, strongly suggests that
the self-nonself framework is inadequate. The main difficulty is that the self-
nonself theory grounds the question of the boundaries of a living thing in a question
of origin: everything that comes from the outside triggers a rejection response,
while everything that comes from the inside does not trigger an immune response.
Yet self constituents can trigger immune responses in healthy conditions (Anderton
and Wraith 2002; Wing and Sakaguchi 2010; Germain 2012; Wynn et al. 2013) [this
aspect was anticipated by Jerne (1974), and has been discussed by Tauber (1994)
and Cohen (2000)]. Moreover, many nonself constituents, including many microbes
(as shown by recent work on symbiosis), are not rejected by the immune system
(Hooper and Gordon 2001; Chu and Mazmanian 2013). This suggests that immune
tolerance is a central and universal phenomenon (Pradeu and Carosella 2006).
Nevertheless, the self-nonself theory was importantly correct in saying that the
immune system is pivotal for the definition of biological individuality. The immune
system, as an acceptance/rejection mechanism, constantly monitors what is going on
in a living thing, and it determines which elements will be part of that living thing,
and which elements will be rejected. Thus, it plays a major role in the delineation of
the organism’s boundaries and in the continuous construction of its unity through
time. This discrimination mechanism crucially differs from the idea of self—nonself
distinction: what matters for the discrimination mechanism is only that some
constituents are rejected while others are not, but, contrary to the self-nonself
theory, this discrimination is not a question of origin since, as stated, many
genetically foreign entities can be accepted by the immune system while many
endogenous entities are routinely destroyed.

Such considerations make it possible to offer an immunology-based definition of
physiological individuals. An immunological individual is a functionally-integrated
whole made up of heterogeneous constituents that are locally interconnected by
strong biochemical interactions and controlled by systemic immune interactions
(Pradeu 2010). It encompasses all the constituents with which immune receptors
interact and which are tolerated by the immune system, regardless of the origin of
these constituents (many microorganisms, for example, are tolerated). Thus, this
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immunological criterion suggests that any entity which interacts regularly with the
immune system and is not eliminated by it is part of the physiological individual. In
other words, the physiological individual, immunologically, is the unit made of the
association of a host and many microbes (those that are tolerated by the immune
system, in accordance with the discrimination mechanism described above). If this
view is correct, then all the criteria of the supposedly paradigmatic ‘“unitary
organisms” (genetic uniqueness, genetic homogeneity, and physiological auton-
omy) (e.g., Santelices 1999) are problematic.

Moreover, from the perspective presented here, recent research on symbiosis
strengthens (rather than undermines) the immunological definition of biological
individuality. The conception of a biological individual as endogenous and
autonomous must be rejected, but not the idea of a biological individual in
general—contrary to what Gilbert et al. (2012), for instance, have suggested. Quite
the contrary, the immune system is pivotal to explain how entities of different
origins can stick together and interact within a functional and cohesive whole
(Sansonetti and Medzhitov 2009; Pradeu 2010; Chu and Mazmanian 2013).

This immunological approach to physiological individuality helps better define
what the physiological individual is, what makes it unique, what its boundaries are,
and how it persists through time. It helps decide perennial “fuzzy” cases—
particularly about colonial organisms, social organisms, and host—microbe associ-
ations. In the numerous situations where perception and intuition cannot decide
what counts as an individual (Hull 1992), the suggestion here is to “ask” the
immune system. For example, in the ascidian Botryllus schlosseri, in which
individuality appears to be realized both at the zooid and the colony level, an
immunological criterion entails that, because reactions of fusion/rejection occur at
the level of the colony, it is the colony that counts as a physiological individual.®
Therefore, the main advantage of an immunological approach is that it leads to a
precise definition of physiological individuality, based on the three key arguments
that the immune system constitutes a discrimination system, is truly systemic, and is
found ubiquitously in the living world (Pradeu 2012).

“Organisms” or “biological individuals”?

A recent—and, in my view, problematic—attitude found in some sectors of
evolutionary biology (e.g., Gardner and Grafen 2009; Queller and Strassmann
2009; West and Kiers 2009) and philosophy of biology (e.g., Clarke 2013) has been
to consider the notions of “organism” and “biological individual” as synonymous.
This attitude has one advantage but also a significant drawback. The advantage is
that it combines physiological considerations with evolutionary considerations—an
important aim for biologists and philosophers interested in biological individuality.
The drawback, however, is that, instead of really taking into account the lessons that
physiological fields have to offer about biological individuality, it tends to reduce

8 Other examples include the immunological delineation in social insects where, sometimes, the
immunological unit is the “superorganism” (Cremer and Sixt 2009; Pradeu 2012).
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physiological individuality to evolutionary considerations. For example, to be part
of an “organism” in Queller and Strassmann’s (2009, 2016) sense requires much
more than just strong interactions between interdependent constituents; it requires
high cooperation and very low conflict on the long run—two criteria inspired by an
evolutionary approach to biological individuality, and where diachronic consider-
ations take priority over synchronic ones. Though criteria such as these are perfectly
legitimate as possible criteria for biological individuality, what I want to show is
that entities individuated on the basis of physiological criteria (often called
“organisms”) and entities individuated on the basis of evolutionary criteria
(sometimes called “organisms”) do not always coincide. So it is confusing to
suggest that the entities individuated on the basis of evolutionary criteria are what a
long tradition has called “organisms.”

Historically, the word “organism” has physiological rather than evolutionary
connotations. This historical argument is not decisive, but it is important to have it
in mind. The word has its origins in related terms, such as “organization,” of
course, but also “organic body” and “organized body,” in particular in Leibniz and
Louis Bourguet (Cheung 2006, 2010; Duchesneau 2010). “Organism”, initially,
referred to a certain way of being organized, and not to an individual living body
(Duchesneau 2010). Kant played an important role both in the use of the term
“organism” to describe an individual living body, and in defining it as a self-
organized entity (Huneman 2006; Kant 2007)—a definition that has been adopted
by many biologists and philosophers (e.g., Kauffman 1993; Keller 2007). At the end
of the eighteenth century, “organism” takes the meaning of an individual living
body and becomes a technical term in scientific discourse around 1830 (Cheung
2006). The notion of an organism was thus built at a time when evolutionary
considerations were scarce, and was used to refer to a unit of functioning, reflecting
centuries of thoughts on questions such as part-whole relations [popular since
Aristotle and Galen (Lennox 2001)].

During the nineteenth century, the organism became firmly positioned as a
functionally-integrated whole made of interdependent and interconnected parts. It
was considered the task of physiology to describe and explain the processes by
which this integration is regulated. Claude Bernard, for instance, saw the complex
organism as an aggregate of cells where every element is subject to a regulated
control by the whole, as manifested by its capacity to maintain and repair itself
(Bernard 1974). Cannon writes that “regulation in the organism is the central
problem of physiology” (Cannon 1929). Similarly, for Lwoff (1966) “An organism
is an integrated system of interdependent structures and functions.” Importantly, for
Lwoff—as for many present-day microbiologists—the concept of an organism can
be applied to unicellular entities as well as to multicellular entities. A unicellular
organism, whether eukaryotic or prokaryotic (i.e. with or without a nucleus), can be
conceived as a functionally-integrated and cohesive whole, the physiology of which
can be studied (e.g., Kim and Gadd 2008).

Most present-day biologists, including many evolutionists, adopt a similar
definition of “organism”, as a functionally integrated and cohesive whole made of
interdependent and interconnected parts (e.g., Wolvekamp 1966; Gould and
Lewontin 1979; Bock 1989; Lewontin 2000)—a conception also expressed by
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philosophers of biology (e.g., Sober 1991, 2000; Ruiz-Mirazo et al. 2000; Godfrey-
Smith 2013). Moreover, many biologists insist that the organism is the chief object
of physiology. Timothy Buchman (2002), for instance, shows that the aim of
physiology at the time of systemic approaches (“systemic physiology”) is to
understand how the aggregation of cells constitutes a whole organism, via the
balance between autonomy and connectedness.

Overall, since the appearance of its modern meaning at the end of the eighteenth
century, the “organism” notion has been used to refer to a cohesive and
functionally-integrated biological whole, pertaining first and foremost to the field of
physiology (Perlman 2000).

Perhaps one might be tempted to object that this definition of the organism is now
out-dated, and has been replaced, post-Darwin, by an evolutionary definition. But
this would be ill-founded. Evolution has not led to a re-definition of organisms per
se, but rather to the idea that the peculiar characteristics of organisms can be
explained historically, at least in part, in terms of causes acting at an evolutionary
scale (Lewontin 1983; Sober 1991; Pepper and Herron 2008; Queller and
Strassmann 2009). Of course, this was already an important aim for Darwin,
who, in On the Origin of Species, pays attention to some physiological aspects, such
as the “physiological division of labour.” At the same time, however, Darwin shows
that an approach to the living world based purely on physiology and extant functions
can be misleading from an evolutionary point of view, particularly when
establishing classifications (e.g., when classifying on the basis of rudimentary
organs—a point he examines at length).

Although this argument is not in itself decisive, it is historically much more
accurate to use the word “organism” to refer to a physiological individual than to
an evolutionary individual. Naturally, one can decide to use “organism” in a way
that differs from historical use—e.g., by saying that the “organism” must be
understood on purely evolutionary grounds. But, in addition to being at odds with
history and common usage, it is misleading to refer to evolutionary individuals as
“organisms”, since it suggests, inadequately, that evolutionary individuality and
physiological individuality always coincide, which is not true—as the final section
shows.

Evolutionary individuality and physiological individuality do not always
coincide, but can be combined

The category of a “biological individual” include:

1. The subcategory of an evolutionary individual: a selective unit, that is, an entity
that should be considered as one unit from the point of view of natural selection;

2. The subcategory of a physiological individual: a physiological unit, that is, a
functionally integrated and cohesive metabolic whole, made of interdependent
and interconnected parts.
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Calling evolutionary individuals “organisms” gives the impression that evolu-
tionary individuality intrinsically goes with physiological individuality, but this is
not always true (Sober 1991; Hull 1992; Pradeu 2010; Godfrey-Smith 2013). In this
section, I will show that physiological individuals (“organisms”) and evolutionary
individuals do not always coincide.

In the traditional conception of evolutionary individuals, inspired by the
hierarchical conception of “units of selection” (Lewontin 1970; Gould and Lloyd
1999), organisms constitute just one level in the hierarchy of evolutionary
individuals. This is notably the case in multilevel selection theory (Damuth and
Heisler 1988; Sober and Wilson 1998; Okasha 2006). An evolutionary individual is
characterized by variation, heritability, and differential fitness. Organisms are often
instances of evolutionary individuals, but, in some circumstances, genes, chromo-
somes, organelles, populations, etc. can also be evolutionary individuals. In this
conception, organisms are evolutionary individuals, but not all evolutionary
individuals are organisms.

In the last three decades, two influential conceptions of evolutionary individuality
have been built on the foundations of the traditional hierarchical conception:

1. the evolutionary individual as an infteractor, and
2. the evolutionary individual as a Darwinian individual.’

To clarify the debate over the “units of selection,” Hull suggested distinguishing
the replicator (an entity that passes on its structure directly in replication—
typically, a gene) and the interactor (an entity whose interaction with its
environment leads to the differential copying of the replicators—typically, an
organism) (Hull 1980; Lloyd 2012). This suggestion has been criticized (Godfrey-
Smith 2009: 31-36), but several authors still find the notion of an interactor useful.
This includes those who deny that reproduction is a necessary condition for
evolution by natural selection and who consider that persistence can also lead to
relevant fitness differences (Bouchard 2008). Are also concerned those who want to
insist that natural selection acts sometimes on collaborative units of living entities
(e.g., a symbiotic consortium) which are so tightly integrated that they are strictly
dependent one on the other for their survival and reproduction (Dupré and O’Malley
2009).

More recently, Godfrey-Smith (2009), building more directly on Lewontin’s
work (Lewontin 1970), has rejected the replicator/interactor view and suggest we
conceive of evolutionary individuality in relation to the notion of a Darwinian
individual. A Darwinian individual is a member of a Darwinian population, which
itself is a population of objects characterized by variation, heritability and
differential fitness. Godfrey-Smith believes that reproduction is essential to
evolution by natural selection, and therefore that an evolutionary individual should
be understood as a reproductive unit. The key question here is not: Which entities
undergo natural selection? (as in the interactor framework), but: Which entities
reproduce?

° For space reasons, I will not analyse here another concept that has been widely discussed, namely
Griesemer’s (2000) concept of a reproducer.
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Therefore, the landscape of the different conceptions of biological individuality
that coexist in present literature is rather complex, and could be schematically
represented as in Fig. 2.

My aim here is not to take sides in the debate over which conception of
evolutionary individuals (interactors or Darwinian individuals) is better. Rather, I
intend to show that, whatever conception of evolutionary individuals one adopts, the
categories of physiological individuals and evolutionary individuals do not always
coincide.

Let us start with Darwinian individuals. Following others (Dupré and O’Malley
2009; Pradeu 2010), Godfrey-Smith shows that “organisms” (as physiological,
metabolic units) and “Darwinian individuals” (as reproductive units) are non-
identical, only sometimes overlapping, categories (Godfrey-Smith 2013, 2014).
Some Darwinian individuals (e.g., chromosomes, viruses) are not organisms. But it
is also true that some organisms are not Darwinian individuals. The key for
Godfrey-Smith is to pick out the reproductive entities, and thus the entities that
constitute /ineages. But it is important to recognise that a major result of recent
biological research is precisely that very often a physiological individual is not as
such a reproducing entity, but rather a local nexus of different lineages of
reproducing entities. Indeed, work on symbiosis has shown that virtually all
physiological individuals are multispecies units (Pradeu and Carosella 2006; Dupré
and O’Malley 2009; Bosch and McFall-Ngai 2011; Pradeu 2012), functionally-
integrated wholes that unify an extraordinarily diverse range of living con-
stituents—in particular bacteria (Bédckhed et al. 2005; Faith et al. 2013), fungi
(Underhill and Iliev 2014), and viruses (Virgin 2014). Such a physiological whole
does not include as its constituents all the microbes that are in or on the host, only
those that both interact strongly with other host’s constituents and make a critical
contribution to the functioning and survival of the whole. This kind of host-microbe
associations is ubiquitous. Organisms as diverse as plants, marine animals such as
ascidians and corals, insects or mammals, harbour a tremendous number of
microbes that play a key role in their physiological activities—digestion, immune
defence, development, etc.—at least in natural conditions (Bosch and McFall-Ngai
2011; McFall-Ngai et al. 2013; Oldroyd 2013). Germ-free organisms (i.e.,
organisms raised in the lab, who do not possess normal microbiota) have many
physiological defects, and usually cannot live and reproduce normally outside strict
laboratory conditions (Xu and Gordon 2003).

/ Physiological individuals
Biological individuals \\ / Interactors

Evolutionary individuals \

N

Fig. 2 Two important subcategories of biological individuals. Biological individuals can be
physiological individuals or evolutionary individuals. Among evolutionary individuals, one can
distinguish interactors and Darwinian individuals

Darwinian individuals
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If one adopts my immunological perspective on physiological individuality, then
the physiological individual admits among its constituents the resident microbes
with which its immune system interacts and that it tolerates—regardless of their
functional contribution to the whole. I have found this immune-based conception
useful, because it does not depend on a definition of terms that are often ambiguous
(“functional contribution”, “cooperation”, “collaboration”, “mutualism”) (Pradeu
2012). But my point is that, regardless of the conception one adopts (the
“immunological” physiological individual or the “functional” physiological
individual), the categories of “physiological individuals” and “Darwinian individ-
uals” do not necessarily converge as soon as one realizes that a physiological
individual includes at least some members of its microbiota.

When do the terms “physiological individuals” and “Darwinian individuals”
refer to different entities? The mode of transmission can make an important
difference. In some cases, for instance in arthropods, many members of the
microbiota are transmitted vertically (from parents to offspring). In other cases, for
instance in mammals and in many plants, a majority of the members of the
microbiota are transmitted horizontally (i.e., they are acquired from the environ-
ment) (Bright and Bulgheresi 2010).IO In the case of vertical transmission,
physiological individuals understood as host-microbe associations can be highly-
realised Darwinian individuals, because lineages of these associations can be
established. But in the case of horizontal transmission, physiological individuals
understood as host—microbe associations do not constitute lineages as associations.
Rather, those associations are local concentrations of different lineages. For
example, a physiologically-defined human being is the locus of one genetically
“human” lineage, and many microbial lineages.

I now turn to interactors (entities whose interaction with their environment leads
to the differential copying of the replicators). Are all interactors physiological
individuals? No: as Hull showed, genes, chromosomes, organelles, populations, etc.
can in some circumstances be interactors, without necessarily being physiological
individuals. Conversely, are all physiological individuals “interactors”? Most of
them are. But being an interactor comes in degrees, and it can perfectly well happen
that a given physiological individual displays a low degree of interactor-like
individuality [examples include group selection in some social insects (Wilson and
Sober 1989), or strong cellular selection at the levels of cancerous cells in a
multicellular organism (Buss 1987)]. So many physiological individuals are
interactors, but they do not always exhibit the highest degree of interactor-like
individuality, and in some cases (when selection mainly happens at another level),
the physiological individual should not even be considered as an interactor proper.

Therefore, whether one defines “evolutionary individuals” as Darwinian
individuals or as interactors, the categories of “physiological individuals” and
“evolutionary individuals” do not coincide, and hence I think it is both conceptually
and empirically inadequate to use the notions of “evolutionary individuals” and

19 Contrary to a frequent assumption, horizontal associations are not necessarily more recent and less
indispensable for the host than vertical associations (McFall-Ngai 2002; Ebert 2013).
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Biological individuals

Evolutionary individuals

= Interactors

Darwinian \ \
= individuals \ I
\\ Il i

Fig. 3 Relations among the different subcategories of biological individuals. The category of a
“biological individual” includes several subcategories, including the two subcategories of a
“physiological individual”, and an “evolutionary individual”. Evolutionary individuals themselves are
divided into “Darwinian individuals” and “interactors.” Not all physiological individuals are Darwinians
individuals, and neither are all physiological individuals interactors. Please note that all Darwinian
individuals in Godfrey-Smith’s sense (reproductive units) are “interactors” (selective units), but not vice
versa (this is to be expected, since criteria to be a Darwinian individual are more demanding: a Darwinian
individual is a selective unit that reproduces in a specific way)

“organisms” interchangeably. Figure 3 presents the different categories of a
biological individual.

Why should we distinguish physiological individuals from evolutionary
individuals? Firstly, because the distinction itself can do important scientific and
philosophical work. The distinction clarifies the fact that biologists interested in
identifying biological individuals and/or organisms can have very different practical
aims, and raise quite different scientific questions (Pepper and Herron 2008). This
further reminds us that we should recognize different biological entities on different
grounds, instead of making potential category errors—such as when, for example,
viruses are excluded from the category of biological individuals based on the idea
that they are not physiological individuals (because they are considered to lack an
autonomous metabolism), even though they are perfectly legitimate evolutionary
individuals, or when host-microbe associations are not considered as biological
individuals based on the idea that they do not constitute evolutionary units, even
when they are perfectly legitimate physiological individuals.
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Secondly, the distinction is useful because the only satisfying way to produce a
unified conception of biological individuality is to combine perspectives that have
been distinguished beforehand—instead of reducing one perspective to the other.
There are many ways in which such a combination of a physiological and an
evolutionary perspective can be useful. One can ask, for instance, which kinds of
selective pressures lead to an increase in physiological integration, and which don’t
(Pepper and Herron 2008). There are clearly different ways to be adapted, some of
which will lead to stronger interconnectedness and co-dependence, while others
may lead to stronger modularity, particularly when a tight interdependence between
parts might be detrimental to survival (Sober 1991).

The combination can also be useful in clarifying our expectations, particularly as
to which kind of physiological integration natural selection will tend to favour. For
example, it is commonly said that, on the long run, evolution will favour the
internalization of symbiotic microbes into the host and their vertical transmission,
but what we observe in practice is different: in many cases, such as the ancient and
stable legume-rhizobia association, we observe complex intimate interactions,
reoccurring in an horizontal way at each generation (Bright and Bulgheresi 2010),
instead of vertical transmission.

Another important task at the physiological-evolutionary interface is to
determine the role of physiological unifying processes, for example the immune
system, in major transitions in evolution, particularly in so-called “policing”
mechanisms (Michod 1999; Pradeu 2013). It is possible than an analogue of an
immune system (a recognition and integration—rejection system) has been required
for many evolutionary transitions."’

Based on the combination of physiological and evolutionary individuality, one
can build a two axis-diagram, one axis corresponding to physiological individuality,
the other to evolutionary individuality, with the aim of assessing an overall “score”
of biological individuality. If the views defended in this paper are correct, then an
insect with its vertically-transmitted microbiota will be both a physiological
individual and an evolutionary individual to a high degree, whereas a human being
with its horizontally-transmitted microbiota will be a physiological individual to a
high degree, but will score low as an evolutionary individual. This might be seen as
a useful antidote to the many views that, in the past, have suggested that “we”
(humans) are always the most highly individuated living things.

Conclusion
The concept of biological individuality includes both evolutionary individuality

(Darwinian individuals or interactors) and physiological individuality. Conflating
the notions of “biological individuals” and “organisms” is confusing, both,

' Interestingly, some models of biological entities switching from a unicellular to a multicellular state
can be useful to better explore this issue. For example, it has been shown that, when the multicellular
stage (“slug”) of Dictyostelium discoideum is constituted, some cells specialize in an immune phagocytic
activity (Chen et al. 2007), a question now explored by Queller and Strassmann, and others (Brock et al.
2016).
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generally, because it rides roughshod over the various examinations of individuality
in different biological fields, and, more specifically, because it inadequately
suggests that physiological individuality and evolutionary individuality necessarily
coincide. I have claimed that what is needed is a clear examination of the
specificities of the physiological approaches and the evolutionary approaches to
biological individuality, with the aim of confronting and combining them so as to
construct a more precise and integrative conception of biological individuality.
Though this paper restricts itself, primarily, to the disciplines of immunology and
evolution, the hope is that future philosophers of biology will build a much more
unified account of biological individuality by integrating a broader spectrum of
biological fields.
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