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Abstract: Holobionts are symbiotic assemblages composed by a host plus its mi-
crobiome. The status of holobionts as individuals has recently been a subject of
continuous controversy, which has given rise to two main positions: on the one
hand, holobiont advocates argue that holobionts are biological individuals; on the
other, holobiont detractors argue that they are just mere chimeras or ecological
communities, but not individuals. Both parties in the dispute develop their argu-
ments from the framework of the philosophy of biology, in terms of what it takes
for a “conglomerate” to be considered an interesting individual from a biological
point of view. However, the debates about holobiont individuality have important
ontological implications that have remained vaguely explored from a metaphysical
framework. The purpose of this paper is to cover that gap by presenting a meta-
physical approach to holobionts individuality. Drawing upon a conception of natu-
ral selection that puts the focus on the transgenerational recurrence of the traits
and that supports the thesis that holobionts are units of selection, we argue that
holobionts bear emergent traits and exert downward powers over the entities that
compose them. In this vein, we argue, a reasonable argument can be made for
conceiving holobionts as emergent biological individuals.
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LIFE ON EARTH DOES NOT WALK ALONE. As it happens in the famous song,
21st century biology has taught us that macrobes (animal and plants)' do
not walk alone either: they are given in a vast ocean of microbes that find, in
different parts of their body surfaces, a comfortable site where they can grow
and reproduce. Furthermore, macroorganisms need some of their microorgan-
isms to properly develop and to adequately realize some of their basic func-
tions, including physiological processes like metabolism or immunological de-
fense (DETHLEFSEN et al. 2007; GILBERT et 4l. 2012; BRUCKER & BORDENSTEIN
2013; McFaLL-NGalI et al. 2013; HILL et al. 2016; CH1U & EBERL 2016). The
observation of these facts has led some biologists to formulate the so-called
holobiont thesis. According to this thesis, there is a new level of biological indi-
viduality that would encompass the entity formed as a consequence of the as-
sociation of the macrobe host with all the symbiotic microorganisms that con-
stitute its microbiome, including Archaea, bacteria, fungi, and viruses.” This
new level of individuality is called “holobiont”, and the sum of all the genetic
information in a holobiont is called “hologenome” (ROSENBERG ez al. 2007;
see SUAREZ 2018, for a review of the evolution of the holobiont concept).

Most of the recent debates about holobionts are oriented to either justify
or reject their status as biological individuals. On the one hand, advocates of the
holobiont thesis argue that the high level of interdependence that exists between
macrobes and their symbiotic microorganisms calls for a redefinition of biological
individuality. Under the new redefinition, holobionts would be biological indi-
viduals in an anatomical, immunological, developmental, physiological, and even
in an evolutionary form, constituting a unit of selection in evolution (ZILBER-
ROSENBERG & ROSENBERG 2008; DUPRE & O’MALLEY 2009; GILBERT ef 2/. 2012;
2017; ROSENBERG & ZILBER-ROSENBERG 2014; 2016; Dfaz 2015; BORDENSTEIN
& THEIS 2016; THEIS et al. 2016; LLOYD 2017B; ROUGHGARDEN et /. 2018).?

! Throughout the paper, we will refer to animals and plants as “macrobes”/”macroorganisms”,
following a famous notation introduced by O’Malley & Dupré (2007). Furthermore, when we
refer to the “macrobe host”, we mean the monogenomic individual that derives from a zygote
(DuPRE 2010; 2012).

? “Microbiome” refers to an “entire habitat, including the microorganisms (bacteria, archaca,
lower and higher eukaryotes, and viruses), their genomes (i.e., genes), and the surrounding envi-
ronmental conditions” (MARCHESI & RAVEL 2015, 1), whereas “microbiota” refers to the collec-
tion of all the microorganisms (bacteria, fungi, viruses, etc.) that interact in a such environment.
In this paper, the host is taken as the environment where those microorganisms interact (in this
sense, there is no microbiota without a host where the microbiota grows and reproduces), and
“microbiome” and “microbiota” will be used interchangeably. See Lederberg (2000) and Leder-
berg & McCray (2001) for the first uses of the term.

3 We cannot provide an exhaustive account of all the different dimensions of biological
individuality in this paper. Those readers that are interested can check Clarke (2010), Pradeu
(20164; 2016B), DiFrisco (2017), Lydgard & Nyhart (2017). For our purposes in this paper, we
will only concentrate on the evolutionary dimension of biological individuality.

60 JAVIER SUAREZ & VANESSA TRIVIRO



On the other hand, detractors of holobiont individuality claim that
the current empirical evidence is not sufficient to claim that holobionts are
functionally integrated entities and therefore, any claim about their status
as biological individuals is ungrounded. It is important to highlight that de-
tractors of holobionts individuality do not deny that some members of the
microbiota might be sufficiently integrated with the host so as to constitute
a unique biological individual (e.g. mitochondria in eukaryotes, Buchnera
aphidicola in aphids, Wolbachia pipientis in some insects, etc.). What they
deny is that a host plus @/ its symbiotic microbiota act together as a unique
biological individual, and find more accurate to talk about independent in-
dividuals that live together in association (BooTH 2014; MORAN & SLOAN
2015; GODFREY-SMITH 2015; CHIU & EBERL 2016; DouGLAs & WERREN
2016; HURST 2017).

This debate concerning the status of holobionts (i.e. whether they are
biological individuals or not) has been mainly approached from a concep-
tual and an epistemological framework that is proper of the philosophy of
biology (see TREVINO, unpublished manuscript). Yet, we consider that it has
metaphysical consequences for our understanding of mereology, i.e. part-
whole relations: which are the metaphysical grounds that move holobiont
advocates to argue that they are individuals? How does part-whole relation
work in the case of holobionts? This topic, notwithstanding, has never been
approached from a purely metaphysical point of view. The purpose of this
paper is to cover this gap by elaborating a metaphysical account of the holo-
biont as an emergent level of biological individuality. Drawing upon a concep-
tion of natural selection that only requires trait-recurrence among units of
selection, we argue that holobionts exhibit metaphysically emergent proper-
ties that suggest their consideration as emergent individuals.

Our agenda will be as follows: in §1 we provide an introduction to
the philosophical concept of emergence, mainly inspired by Wilson’s recent
categorization of ontological emergence (2016). Later, in §2, we present the
trait-recurrence account of the units of selection, apply it to the holobiont,
and explain what this account implies about the status of the holobiont as a
biological individual. In §3, we take a metaphysical step by arguing that the
trait-recurrence conception of the holobiont entails that holobionts possess
properties that allow them to downwardly affect the different entities that
compose it (host and microbes of its microbiota). Finally, we conclude the
paper by defending that the arguments presented in §1-§3 suggest that,
from a metaphysical perspective, holobionts should be conceived as emer-

gent individuals (§4).
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1. ONTOLOGICAL EMERGENCE: WEAK AND STRONG

The idea of emergence was conceptually developed during the late
19th and the early 20th century due to the work of the British Emergentists
(McLAUGHLIN 1992, 1997; KiMm 2006B). Until the second decade of the 20th
century, emergentism was defended as a middle position between reduction-
ism and vitalism. The British Emergentists defended that physical systems,
when reaching a certain degree of complexity, can manifest new higher-level
properties that are not possessed by the lower-level components of the system
nor are reducible to them. Some properties considered as emergent were: life,
mind, or chemical bonding,.

Due to new explanations in physics accounting for some properties of
chemical and biological systems so far considered to be irreducible, as well
as the creation and awareness of complex non-linear systems (e.g. turbulent
fluids), emergentism disappeared from the mainstream philosophy between
the 1930s and 1970s (McLAUGHLIN 1992; WiLsON 2013). However, during
the last decades of the 20th century, emergentism has reappeared in scientific
and philosophical contexts due to the collapse of the reductionistic positions
widely defended by the logical positivists (Kim 1989; 1999; 2006B) and the
widespread development of the so-called sciences of complexity (GOLDSTEIN
1999; PEPPER & GOLDSTEIN 2004; WITHERINGTON 2011).

Current debates on emergence are oriented towards a conceptual clari-
fication of the basic ideas associated with it, namely dependence and auton-
omy (VAN GuiLIcK 2001; CLAYTON 2006; BARNES 2012). However, there is
not a unified account of what emergence is yet (Kim 20068; WiLsON 2016),
which is problematic. It is not only that the variety of definitions is useless
for clarifying the structure of natural reality (WiLsoN 2016), but also that the
philosophical characterizations of emergence are, in some cases, so complex
and abstract that it seems really difficult to conceive of an emergent property
in the world (McDoNALD & McDoONALD 2009). However, in different scien-
tific explanations, especially those regarding complex systems, the concept is
widely used, and emergent properties are widely recognized. This fact seems
to illustrate that there is an incompatibility between how the concept is de-
fined by metaphysicians and how it is used and conceived by philosophers of
science. In philosophy of biology, for instance, the abstract characterization
of emergent properties in metaphysics is considered to be problematic, inso-
far as it is unable to make sense of the emergent character of some biological
properties, such as the amount of nectar stored in a hive (MITCHELL 2012).

Due to the difficulties in providing an accurate definition of emergence
that properly makes sense of its creed: dependence and autonomy, differ-
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ent criteria have been proposed to recognize emergent properties. For some
authors, emergent properties are unpredictable, irreducible, and have causal
powers (KiMm 1999). Others have offered a more extensive list of criteria for
a property to be emergent, namely holism, novelty, qualitative difference,
not given at lower levels, different laws, and interaction (HumMPHREYS 1997).
These criteria, as Paul Humphreys makes explicit (HumPHREYS 1997), are
sufficient but not necessary to talk of emergence: they do not need to be met
by all emergent properties, nor do all emergent properties need to share the
same properties. This implies that different accounts of emergence might
be given depending on the criteria one considers emergent properties need
to meet (MCDONALD & McDONALD 2009). Despite the extant definitions
of emergence that are offered, it has been claimed that all of them can be
grouped into a twofold categorization, namely weak ontological emergence
and strong ontological emergence (WiLsoN 2016). Ontological emergence re-
fers to a kind of higher-level properties that are given in the world and that
are characterized for being causally autonomous, in the sense that the causal
power they possess cannot be reduced to the causal power of the lower-level
properties of the system upon which they depend (Kim 20068; JESPER 2006;
McDonNAaLD & McDONALD 2009; WiLsoN 2016). If the higher-level prop-
erty of a system is not causally autonomous, then there is epiphenomenalism
but not emergence.

The notion of causal power used to characterize emergent properties is,
notwithstanding, a problematic one. It can be differently conceived depending
on the ontological commitments one might have regarding properties. Here,
we will follow Wilson’s neutral account with respect to causal powers, accord-
ing to which having a causal power means that the fact that the property is
instantiated entails that the entity that bears it will have the power to, in ap-
propriate circumstances, cause some effects, or intervene in the causation of
some effects (WILsON 2002; 2016). Furthermore, when it is applied to emer-
gent higher-level properties, it is considered that this causal power needs to
be downwardly exerted (O’CoNNOR 1994, 97-8). Since the 1970s, downward
causation is recognized as a central component of emergentism. In philosophy
of biology, Donald Campbell suggested that the lower level entities of a system
can behave in ways that they would not do, due to the constraints created by
the higher level organization that they constitute (CAMPBELL 1974). In this
case, we also accept downward causation as one of the hallmarks of emergent
properties, and thus, we will consider this feature when arguing for the pres-
ence of emergent properties in holobionts.

According to Wilson, the causal autonomous character of an emer-
gent property might be given in two different forms, namely (1) because the
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higher-level property has a zew causal power that is different from the causal
powers of the lower-level properties of the system in which the property is
instantiated (strong ontological emergence)’; and (2) because the higher-level
property has a mere proper subset of the causal powers that the lower-level
properties of the system in which it is instantiated have (weak ontological emer-
gence).” For strong ontological emergence, there is causal autonomy insofar
as the emergent property incorporates new causal powers in the world. In
cases of weak ontological emergence, conversely, the emergent property does
not incorporate new causal powers. Yet, as Wilson claims, the weak emergent
property still has a different and autonomous cawusal power profile since it only
possesses a proper subset of the causal powers of the lower-level properties it
depends on (WiLsoN 2016, 362).°

The characterization of emergence is generally attributed to properties.
There are properties that emergent or not in a given system. However, in meta-
physics, it is accepted that entities might be emergent in a derivational sense
from the emergence of properties (BEDAU 2002; WiLsON 2016). This is so since,
in order for a property to be emergent, the system in which it is instantiated
has to reach a certain degree of complexity, such that it is possible to character-
ize that system as an emergent one. In this regard, when a particular entity is
characterized for having an emergent property, then it is considered to be an
emergent entity as well. We accept this metaphysical claim, and thus, we con-
sider that if holobionts possess emergent traits, then they are emergent entities.

# There is a wide debate in metaphysics concerning whether there are strong ontological
emergent properties. An illustration of properties considered to be of this kind are consciousness
(CHALMERS 1996), fitness (TrREVIRO, unpublished manuscript), and some properties of quan-
tum mechanics (SILBERSTEIN & MCGEEVER 1999).

5 An example of weak ontological emergence can be offered in terms of the determinable/
determinate relation, such as the relation between colors and shades. Consider that train drivers
are said to stop the train when the light of the traffic light is white. “White’ is a determinable
that might be multiply determined by different determinates (i.e. the different shades of white)
such as ‘whitesmoke’ or ‘snow-white’. Regardless of whether the white of the traffic lights was
determined by whitesmoke or snow-white, train drivers must stop the train if they saw the light.
In this regard, the different determinates of white share the causal power of the determinable
white: advising train drivers they must stop the train. However, they might also have more
causal powers besides this one (snow-white might also have the causal power for polar bears to
avoid predators, for instance), and they might differ precisely with regard to this other powers.
The determinable white, therefore, only inherits a proper subset of the causal power of its deter-
minates, which shows that its causal power profile is different from that of its determinates and
that it is not reducible to them.

¢ The causal autonomy Wilson attributes to weak emergent properties on the basis of their
different causal power profiles (see also WiLSON 1999; SHOEMAKER 2000) might be questiona-
ble. In fact, we do not agree with this way of conceiving causal autonomy since it seems to imply
reduction. Yet, questioning this form of emergentism goes beyond the main task of this paper.
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In §3, we will illustrate that holobionts possess some traits that are caus-
ally autonomous insofar as they attribute their bearers a new causal power
that is not present in the lower-level properties of the parts that compose the
holobiont, and that it is also downwardly exerted. Yet, before doing this, we
will introduce the conceptual framework from which we conceive units of
selection, and thus the role of holobionts as a unit of selection, and explain
what this account implies about the status of the holobiont as a biological

individual (§2).

2. TRAIT-RECURRENCE AS THE KIND OF STABILITY THAT MATTERS
IN A HOLOBIONT

One of the most problematic claims about the biological individuality of
holobionts comes from the “hologenome concept of evolution” (HCE hence-
forth). HCE is the thesis that holobionts, with their hologenomes, are a unit of
selection in evolution.” For an individual to be a unit of selection it has to live
in a population of individuals where: (a) different individuals exhibit different
phenotypes; (b) different phenotypes are associated with different degrees of
fitness; and (c) there is transgenerational inheritance, i.e. the offspring of those
individuals that bear a trait 7" will be more likely to bear 7" than the offspring
of those individuals that do not bear it. If holobionts are units of selection,
as defenders of HCE claim, they have to demonstrate that holobionts satisfy
properties (a)-(c).

Most of our current empirical evidence suggests that holobionts sat-
isfy properties (a) and (b). However, the notion that holobionts are units
of selection in evolution has been mainly challenged on the basis that there
are no proper relations of inheritance across different holobiont generations,
and therefore premise (c) is false (MORAN & SLOAN 201 55 DougLas & WER-
REN 2016; HURST 2017). Their argument is grounded on the observation
that the species that compose the microbiome of a holobiont do not remain
intergenerationally constant, being replaced by different species across dif-
ferent generations of the host. Therefore, they argue, holobiont lineages are
not coherent enough to be considered units of selection. Yet, this problem
can be addressed if the question about species composition, as well as species
transgenerational transmission, is substituted by the notion of transgenera-

7 Not all the accounts that characterise holobionts as units of selection make a distinction
between holobionts and hologenomes. Some authors claim that the holobiont is the interactor,
and are mute with respect to the importance of hologenomes, whereas others simply deny the
role of hologenomes as replicators. For a summary, see SUAREZ (2018).
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tional trait-recurrence, which is the key element for discussions about the
units of selection (SUAREZ, unpublished manuscript).®

In such view of the units of selection, it becomes possible to under-
stand the relations of inheritance across successive generations of holobionts
throughout #rait-recurrence. The main idea would be the following

A holobiont in generation n+1 will be a coherent unit of selection only if the traits
T, T, .. T, that appear in the holobiont n+1 are statistically correlated to the
traits T\, T, ..., T, that appeared in the holobiont n°

This account of the units of selection can be characterized by four fea-
tures. Firstly, the existence of transgenerational trait recurrence among holobi-
onts is dependent upon host-generations (i.e. the host and its offspring are the
units taken as referent to count generations of holobionts). As it is generally
argued by most holobiont advocates, the life cycle of the holobiont is as long
as the life cycle of the host (e.g. GILBERT 2018, 299), thus new generations
of holobionts are recognized insofar as new generations of the host are recog-
nized. Secondly, the criterion is theoretically formulated to recognize poten-
tial consistent relations of inheritance among holobionts. That is, to recognize
possible parent-offspring relations among multispecies consortia' that would
support the claim that holobionts are units of selection (ZILBER-ROSENBERG &
ROSENBERG 2008; DUPRE & O’MALLEY 2009; ROSENBERG & ZILBER-ROSEN-
BERG 2014, 2016; BORDENSTEIN & THEIS et 2016; THEIS et /. 2016; GILBERT
et al. 2017; LLOYD 2017B; ROUGHGARDEN ¢ 4l. 2018). Thirdly, and contrary
to other approaches to holobionts that conceive inheritance in terms of species
transgenerational transmission (e.g. MORAN & SLOAN 201 55 GODFREY-SMITH
2015; STENCEL 2016; DouGLAS & WERREN 2016; HURST 2017; STENCEL &

® In agreement with most recent treatments of units of selection, we assume that an entity
in a population is a unit of selection in evolution if it fulfils Lewontin’s criteria, i.e. if the entity
exhibits heritable phenotypic variance that affects its fitness (LEWONTIN 1970; 1985; OKaSHA
2006; GODFREY-SMITH 2009). Contrary to other authors, we do not distinguish between the
question of units of selection as interactors versus the question of units of selections as reprodu-
cers (e.g. LLOYD 20174).

? One reviewer has rightly pointed out that the model of trait recurrence is not exclusive
for holobionts, but for every unit of selection. We agree with her that the account should work
for every unit of selection. However, because in this paper we focus only on the case of the
holobiont, we only restrict our comments to the consequence that the account would have for
holobionts.

' Not all multispecies consortia are holobionts (e.g. biofilms, ecosystems), and our definition
is formulated exclusively for holobionts, insofar as it assumes the existence of the host as the
criterion that grants intergenerational identity, a circumstance that does not need to occur in all
multispecies consortia.
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WLocH-SALAMON 2018), in this account, inheritance is reformulated in terms
of reappearance of traits, i.e. reappearance of structures which, ceteris paribus,
increase the fitness of the entities that bear them (TriviRo & NuKNo DE LA
Rosa 2016). Finally, the existence of non-species related trait-recurrence in
holobionts (and thus, the validity of trait-recurrence as a conceptual criterion
for defining holobionts as units of selection) is empirically supported by recent
discoveries that suggest that some traits in macrobes appear as a consequence
of their interaction with a functionally-equivalent microbiome, which, de-
spite being taxonomically different for hosts of the same species, can still bring
about the same metabolic traits through their interactions with the hosts (e.g.
BURKE et al. 2011; Taxis et al. 2015; HESTER et al. 2016; Louca et al. 2016;
LEMENCEAU et al. 2017).

According to the criterion of trait-recurrence, then, holobionts are bio-
logical individuals in virtue of their ability to reconstruct their traits transgen-
erationally by recruiting the members of their microbiota. One worry might
arise at this point: why is the holobiont, and not the host, the entity that gets
its traits reconstructed transgenerationally? The answer: because the recruitment
of the members of the microbiota is not necessarily determined by the host, but
co-determined by the interactions between the host and the microbiota (e.g.
GILBERT & CHIU 201 §; CHIU & EBERL 2016). There are three different channels
to guarantee the acquisition of the microbiome: first, vertical transmission dur-
ing conception (e.g. mitochondria in the eukaryotic cell; primary symbionts in
many insects, including B. aphidicola in aphids) (BRIGHT & BULGHERESI 2010);
second, direct transmission during birth, or during weaning (FUNKHAUSER &
BORDENSTEIN 2013); and third, environmental acquisition, either through fam-
ily/social interaction or through diet. The first two forms of acquisition do not
put any pressure on the traditional definition of inheritance, as it is expected
that they will happen by species-transmission. The third one, however, can only
be conceptually understood by appealing to the notion of the units of selection
just introduced, as in many cases of environmental acquisition of the microbi-
ome there is no species constancy (i.e. the holobiont in generation 7+ does not
environmentally acquire the same species of microbes that the holobiont in gen-
eration 7 has acquired), despite the existence of transgenerational trait-recurrence.

Assuming;: first, that those holobionts that acquire microorganisms

that bring about fitter traits will (cezeris paribus) survive longer and reproduce
more'’; and second, that there are mechanisms that guarantee the survival of

! That is to say, assuming that no other evolutionary factors (or forces) are putting pressure
on the evolution of the population; i.e., assuming that natural selection is the only factor deter-
mining how the population evolves.
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the microorganisms outside the holobiont (e.g. BROWNE e al. 2017), as well
as the existence of a higher degree of horizontal gene transfer among the mem-
bers of a microbiome (e.g. L1u ez al. 2012; LERNER ¢ al. 2017). Then, there are
three mechanisms that guarantee that environmental transmission of traits will
be preserved across generations of holobionts in spite of the lack of the perfect
vertical transmission of the species of the microbiome. These mechanisms are:
(1) the genetics of the host, such that a host in generation 7+ will be more
genetically predisposed to acquire functionally similar microorganisms than
the host in generation 7; (2) the immunological characteristics of the host,
such that a host in generation 7+ will be more immunologically predisposed
to acquire functionally similar microorganisms than the host in generation #;
(3) the contact of the host with an environment where functionally similar
microorganisms can easily survive and therefore tend to be present. These three
mechanisms together increase the likelihood that a holobiont in generation
n+1 will bear traits that are more similar to a holobiont in generation 7 which
is its progenitor, than to a random member of the population where it lives.
This, therefore, suggests that holobionts can be conceived as biological indi-
viduals gua units of selection, in so far as the condition of inheritance is now
satisfied by appealing to trait-recurrence.

3. FROM TRAIT-RECURRENCE TO DOWNWARD CAUSATION

In the previous sections (§1 and §2) we introduced two separated nodes,
the first one regarding the concept of emergence, and the second one about
how to conceive holobionts, so that the notion that they are biological indi-
viduals gqua units of selection makes sense. Here we connect the two nodes
to argue that the conception of holobionts as generations of stabilized traits
entails the metaphysical consequence that holobionts are emergent entities. In
order to do so, we will illustrate that some of the traits that characterize holo-
bionts have a new causal power that is downwardly manifested.

As we argued in §2, transgenerational transmission among holobionts
can be understood in terms of trait-recurrence: the likelihood that a trait 7°
that appears in a holobiont in generation 7 will reappear in a holobiont in gen-
eration 7+ is higher than the likelihood that 7 appears in a random member
of the population P. Furthermore, as we argued, if 7 increases the fitness of the
holobiont, then ceteris paribus, it will be driven towards fixation in 2 Because
this can be so, then natural selection at the level of the holobiont is concep-
tually possible, as well as empirically verified in some cases (e.g. BRUCKER &
BORDENSTEIN 2012; MENDOZA ¢z al. 2018). An immediate consequence of the
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trait-recurrence model of holobiont selection is that the holobiont will exercise
causal powers over the entities that compose it. In other words, because of the
transgenerational trait-recurrence and selection at the level of the holobiont,
the different entities that compose it will the action of natural be sorted. As a
consequence, some of them will be eliminated from the environment, others
will increase their frequency, and yet others will evolve so that they are able
to fulfill the functions that cause the appearance of the traits that increase the
fitness of the holobiont and, cezeris paribus, will tend to get fixed in 2 This, we
argue, is a form of downward causation at the level of the holobiont, since the
holobiont determines which elements of the microbiome succeed transgen-
erationally and which do not, thus conditioning their evolutionary dynamics.

We can illustrate how trait-recurrence entails downward causation by
means of an example. Let us take the case of the aphid holobiont (aphid +
Buchnera aphidicola).”* As it is well known, some elements of the holobiont’s
phenotype strongly depend on the interaction between the host and its mi-
crobiome. One standard trait that has been empirically studied is thermal tol-
erance, which is known to depend on the interaction between the host and
the microbiome, therefore constituting a standard case of a holobiont trait
(see DUNBAR et al. 2007). The thermal tolerance of an organism dictates the
range of temperatures where the organism can live and reproduce, therefore
determining the types of environments where it is viable. As a trait, it confers
certain selective advantages in those cases where the range of thermal toler-
ance is higher, as it means that the organism would be viable in a wider range
of environments and thus, ceteris paribus, it will live longer and reproduce
more. Importantly, hence, those aphid holobionts that have a higher degree of
thermal tolerance will live longer and reproduce more than any other average
aphid holobiont in the population. This will have two consequences: First,
those aphids hosts whose holobiont has a higher degree of thermal tolerance
will survive longer and reproduce more than an average member of the popula-
tion; second, those B. aphidicola that are part of the microbiome with a higher
degree of thermal tolerance will also survive longer and, more importantly,
they will have more opportunity of spreading in the population of holobionts.

The second case, i.e. the spreading of B. aphidicola in the holobiont pop-
ulation, is a case of downward causation, where it is the holobiont the entity
that causes B. aphidicola to spread in the population, therefore conditioning
its evolutionary dynamics. To explain why, we need to start supposing that the

12 We are conscious that the aphid holobiont would also include other elements of the aphid
microbiome. Since our paper is not about philosophy of biology, but about metaphysics, we
restrict our argument to the case of the aphid + B. aphidicola, which as our reviewer has correctly
pointed out is not problematic for any of the contendants in the holobiont debate.
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holobiont population is only affected by the forces of natural selection, which
would totally determine its evolutionary dynamics. We know that this situa-
tion is highly ideal and far from what happens in reality, where many evolu-
tionary factors affect populations simultaneously, having sometimes opposing
effects that cancel each other. However, this would not affect our metaphysical
point: if we can demonstrate that, ceteris paribus, there is downward causa-
tion, then no matter what evolutionary factors would cancel their effects, there
would be downward causation acting on B. aphidicola yet.

Now, supposing that some of the holobionts in the population will bear
the trait that confers fitness advantages whereas others do not, the popula-
tion can be divided into two groups: individuals that bear the trait (4), and
individuals that do not bear the trait (B). It is known, by hypothesis, that the
individuals of 4 will survive longer and reproduce more than the individuals
of B. If this is the case, then the B. aphidicola that compose the microbiome
of the individuals in A will also survive longer than the B. aphidicola of the
individuals in B. Since it will survive longer, there will be more opportunity
for spreading: the holobionts of A will have more physical contact with other
holobionts than those in B. Because this is so, it is more likely that their B.
aphidicola will get passed, in the scenario where it is acquired by horizontal
transmission: more contacts means more opportunity for getting passed, and
more opportunity for getting passed means more likelihood of getting fixed in
the population.’® This is so because of the opportunity of longer contact with
those holobionts in A (by hypothesis they live longer) and the different oppor-
tunities that microorganisms have to survive in the environment.

On the other hand, in the case that the B. aphidicola are transmitted
vertically, it will also be the case that they will increase their numbers in the
population necessarily, as those holobionts that bear the trait that confer fitness
advantages will, by hypothesis, reproduce more than those that do not. If this
is is so, then we would have a case where the selection of these holobionts that
bear the trait that confers the fitness advantages determines that those micro-
organisms that constitute their microbiome are sorted differentially. The causa-
tion, thus, works from the higher-level entity to its lower level parts, therefore
constituting an example of downward causation.

Two metaphysical consequences about the ontological status of holobi-
onts can be deduced from the previous example. Firstly, we argue that the form
of dependence that exists between the traits in a holobiont and the lower-level

'3 The case developed here is supposed to cover every possible hypothetical scenario. It is
known that B. aphidicola is only transmitted vertically in aphids. But many of the members of
the microbiome in different species are transmitted horizontally. And this is the only thing that
matters for our conceptual purposes here.
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parts that determine the appearance of those traits is a form of strong ontologi-
cal emergentism (WiLsoN 2016). This is so for two reasons: first, because those
traits appear and are maintained as a consequence of the interaction between
the host and the microbiome; in other words, the host without the microbi-
ome or the microbiome without the host do not cause those traits to appear,
which suggests that they are specific to the holobiont and therefore non reduc-
ible to the host (irreducibility of the traits); and second, because those traits
are usually multiply-realizable; that is, those traits appear as a consequence of
the interaction between the host and a microbiome, but the components of
the microbiome that cause those traits to appear might differ among different
hosts of the same species, while the same traits still appear (multiple realizabil-
ity of the traits). Secondly, we argue that the existence of downward causation,
insofar as it implies strong ontological emergentism (WILSON 2016), entails
the possibility of conceiving holobionts as emergent individuals in virtue of
having emergent traits. In this sense, holobionts would be a new level of bio-
logical individuality, with their own properties (traits) that have causal conse-
quences on the parts that constitute them and, therefore, a genuine new level
in the biological hierarchy.

4. CONCLUDING REMARKS: HOLOBIONTS AS EMERGENT INDIVIDUALS

This paper argued that holobionts can ontologically be conceived as
emergent individuals on the basis that they possess properties that allow them
to exercise downward causation on the entities that compose them. Drawing
upon the trait-recurrence model of holobiont individuality, we argued that a
consequence of holobionts selection was the sorting of the entities that con-
stitute the holobiont. In other words, we argued that the holobiont, as a unit
of selection, exercises downward causation over the entities that constitute it,
causing its differential degrees of evolutionarily success or failure. We further
argued that the existence of this downward causation was compatible with
strong emergentism and, therefore, with the hypothesis that holobionts are
emergent ontological individuals.
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