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Recently, psychological phenomena have been expanded to new domains,
crisscrossing boundaries of organizational levels, with the emergence of areas such as
social personality and ecosystem learning. In this contribution, we analyze the ascription
of an individual-based concept (personality) to the social level. Although justified
boundary crossings can boost new approaches and applications, the indiscriminate
misuse of concepts refrains the growth of scientific areas. The concept of social
personality is based mainly on the detection of repeated group differences across
a population, in a direct transposition of personality concepts from the individual to
the social level. We show that this direct transposition is problematic for avowing the
nonsensical ascription of personality even to simple electronic devices. To go beyond a
metaphoric use of social personality, we apply the organizational approach to a review
of social insect communication networks. Our conceptual analysis shows that socially
self-organized systems, such as isolated ant trails and bee’s recruitment groups, are too
simple to have social personality. The situation is more nuanced when measuring the
collective choice between nest sites or foraging patches: some species show positive
and negative feedbacks between two or more self-organized social structures so that
these co-dependent structures are inter-related by second-order, social information
systems, complying with a formal requirement for having social personality: the social
closure of constraints. Other requirements include the decoupling between individual
and social dynamics, and the self-regulation of collective decision processes. Social
personality results to be sometimes a metaphorical transposition of a psychological
concept to a social phenomenon. The application of this organizational approach to
cases of learning ecosystems, or evolutionary learning, could help to ground theoretically
the ascription of psychological properties to levels of analysis beyond the individual, up
to meta-populations or ecological communities.
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INTRODUCTION

Do social animals constitute a new entity, a superorganism? If
they do, this potentially independent new layer of organization
could have a psychology of its own. This new social layer could
then implement new social learning algorithms, potentially apart
from the learning capacity of single bees or ants or any other
social animal (Sasaki and Pratt, 2011). If this putative social
psychology proves to be an emergent property in the hard sense,
this new organizational level could have a personality of its own,
even one that is different from the personality of the constituent
individuals. Indeed, recent studies have evaluated at these upper
organizational levels, from colonies to ecosystems, the onset of
psychological phenomena that were originally described at the
level of the individual, such as personality (Planas-Sitja et al.,
2015), or learning (Power et al., 2015).

Before discussing the existence of these upper level, socio-
psychological phenomena, such as social personality, one should
be clear about what is precisely the lower-level phenomena, in
this case, individual personality. Animal personality is defined
as inter-individual differences in behavior that remain similarly
different throughout repeated measurements performed in the
same population (Carter et al, 2013). On the basis of this
operational definition, personality has been attributed to highly
unusual organisms such as anemones (Briffa and Greenaway,
2011) or even bacteria (Davidson and Surette, 2008). But
operational definitions only specify, partially and temporarily,
which kinds of operations count as empirical indicators for the
referents of their concepts; they are temporarily in place of a
concept that is the actual objective of the investigation, and they
presuppose an underlying common cause for the measurements,
without investigating the specific nature of the phenomena at
stake (Feest, 2005), a situation that can potentially lead to
puzzling outcomes, particularly when if this presupposition is
violated. To evaluate more closely why the uncritical use of this
simple operational definition of personality can be misleading, we
propose a thought experiment.

Take the Homeostat, a simple electronic artifact basically
constituted of four coupled control units (akin to batteries), a
system that stabilizes the effects of any external disturbances
introduced into it (Ashby, 1960). While a range of disturbances
(inputs) to the Homeostat would result in the system returning
to its stable configuration at a certain pace, Homeostats with
slightly different initial configurations would return to stability at
different paces, and this “inter-individual” difference in the pace
to recovery would be stable and repeatable (Ashby, 1960). Stable
and repeatable differences in the output (behavior) of individuals
is the very operational definition of personality. Thus our thought
experiment resulted in a puzzling outcome, i.e., the ascription of
personality to a simple electronic artifact built in the 1960s. This
rather absurd result emphasizes the difficulties that arise from the
uncritical use of operational definitions.

While the use of simple operational definitions is certainly
valuable when there is an agreement that the systems under
analysis share basic organizational principles, like individual
ants, bees, or spiders, the same should not necessarily hold
when analyzing simultaneously systems at upper other levels of

organization. Social organization does not need to mimic, and
is not implied by, individual organization, and thus from the
fact that a biological individual has personality (a lower level,
intraindividual organization) it does not follow that a society or
group of such individuals also should have a personality (at an
upper level, social personality organization) of its own. Upper and
lower levels of organization could adhere to distinct organizing
principles, and if that is the case, operational definitions will not
suffice. Thus, if we are investigating the presence of personality
(or any other psychological phenomena) in upper-level biological
systems, such as colonies, populations or ecosystems, the use of
operational definitions could lead to unreliable outcomes, such as
the one obtained above, in our Homeostat thought experiment.

A complete ontology of personality as a phenomenon is out
of the scope of the present contribution, but it remains clear
that personality is connected to basic defensive and approach
information systems, in a general model of behavioral regulation
(Corr, 2008, 2010). The regulation of behavioral action over
the environment is a requirement for minimal autonomous
agency (Moreno, 2018), and personality would be a particular
and individualized way of regulating behavioral expression.
Thus, a minimal definition of personality would consider it
as a particular, individualized way of sensing and processing
information, while stable behavioral outputs, repeatable across
contexts, would be the outcome of personalities. This simple
step allows a closer circumscription of the phenomena. If
personality is a particular, individualized way to sense and process
information, one could measure the information processing
organization not only indirectly (through behavior), but also
directly, evaluating the functioning of the circuitry underlying
individualized behavioral control (Neubauer and Fink, 2010).
This small definitional step in the direction of an ontology of
personality suffices for our needs in the present study because,
if personality is a particular and stable way to sense and
process information, then social personality would also require a
particular, underlying, stable organization, now at the social level,
devoted for social information sensing and processing.

This definitional step leads to the discussion of the minimal
requirements for autonomy in an organization devoted to
information processing, and here we take advantage of the
organizational approach in philosophy of biology to formalize
these minimal requirements. For example, the organizational
approach establishes the requirement of a regulatory feedback
system that computes over the various subsystems, performing
second-order closure of constraints (e.g., Moreno and Mossio,
2015).

Therefore, in this paper, we aim to analyze the adequacy of the
application of social psychology terms to colonies, with the aid of
Moreno and Mossio (2015) organizational approach to minimal
autonomous agency, and using social insects as a case study. We
will focus particularly on specific, well studied case systems of
social insect behavior, case systems which provide enough detail
for us to perform this organizational analysis. As a consequence,
our analysis will apply to social insects in general only insofar as
the behaviors (for example, foraging recruitment, house hunting)
herein developed share general features across taxa systems.
Throughout the paper we use the concept of social cognition as
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an emergent phenomena not reducible to individual cognition,
one that is fundamentally based on the interactions between
individuals, on participatory capabilities (De Jaegher et al., 2010).

To perform our analysis, we will start presenting an
overview of the uses of social personality concepts in the
literature. We will highlight the generalized ample use of an
operational definition of animal social personality, and point
to the need for a better understanding of its ontology, so as
to adequately apply the concept of individual personality to
a new, social level of organization. We will then summarize
the use of social information networks in exemplar cases
of social insects, searching for this new autonomous level
of social organization. From that, we will present Moreno
and Mossio (2015)’s organizational approach and the minimal
requirements for the realization of cognition in autonomous
systems. We shall move on then to the application of this
organizational approach to examples of social insect colonies,
analyzing the occurrence of social cognition on those systems.
We end up concluding that socially self-organized systems, such
as ant trails, or bee’s recruitment groups, are too simple to
have social personality. We briefly extend our conclusions to
discuss other similar cases, such as ascriptions of learning for
whole ecosystems.

INDIVIDUAL AND SOCIAL PERSONALITY

Until a couple of decades ago, most of the behavioral differences
among individuals of the same species were considered only
slight variations due to plasticity or noise that could be
dismissed in behavioral studies (Japyassu and Malange, 2014).
Exceptions were the behavioral variation in different castes in
social insects (e.g., Wilson, 1971) and the discrete alternative
behavioral strategies in a few species (Gross, 1996; Widemo,
1998). The identification of consistent behavioral differences
between individuals across contexts and/or time in a number
of species resulted in the field of animal personality. In this
field, inter-individual variation is recognized as a different
source of behavioral variation that not only can be selected
for, it can also persist and be transmitted through generations
(Dingemanse and Réale, 2013).

Animal personality has been studied in invertebrates and
vertebrates, in wild and domestic animals, with important
ecological and evolutionary implications. An example of
significant evolutionary implications of personalities is the effect
of correlated behaviors in the evolution of a phenotypic trait (Sih
et al., 2004). Considering that different behaviors are connected
through the same personality type, they evolve as a package even
when under contrasting selective pressures. Personality acts as a
constraint for selection (Lynch and Walsh, 1998) and can result in
apparently suboptimal characters (Dingemanse and Réale, 2013).

There are many factors thought to affect the evolution
and maintenance of animal personality. They include
genetic differences between individuals (e.g., van Oers et al.,
2005), as well as physiological constraints that can change
during the lifetime of an individual. Also, individuals’

experiences and environmental factors are extremely
important. Specifically, social behavior seems to play an
important part in the development of animal personality.
The frequent interactions between individuals facilitate
behavioral consistency and personality diversification in
the colony, reducing the conflicts amongst its members
(Bergmiiller and Taborsky, 2010).

More recently, this concept is being applied to groups.
From studies that identify consistent collective behavior in some
species, colonies as a whole are considered to have personalities
(for a recent review, see Wright et al.,, 2019). This is a result
of the understanding that a colony is a reproductive unit
and will be selected as a different level of organization (Jandt
etal., 2014), developing their own behavioral characteristics. The
definition of group personality is the same as the definition of
individual personality (consistent behavioral differences across
contexts and/or time), only that measured using characteristics
of the collective, and not individual behavior (Wray et al., 2011;
Scharf et al., 2012; Bengston and Dornhaus, 2014; Bengston and
Jandt, 2014; Jandt et al,, 2014; Blight et al., 2016; Jandt and
Gordon, 2016; Pasquier and Griiter, 2016; Marting et al., 2018;
Wright et al., 2019).

Similar to individual personality, group personality seems
to be affected by factors such as genetics, physiology, and
environment, but in the case of group personality, these factors
are measured at the group level (Wright et al, 2019). This
application is also possible because cohesive social groups can
be taken as individuals, as in the case of social insects’ super
organisms (Holldobler and Wilson, 2009).

Since collective personality requires collective behavior, it is
important to understand how authors differentiate collective
behavior from individual behavior. Collective behavior is
considered to be an emergent property of the behavior of
individual workers (Camazine et al., 2001; O’Donnell and Bulova,
2007; Sumpter, 2010). However, most collective personality
studies do not explain the mechanisms involved in the
behavior being tested, so that the ascription of collectivity
is given by the nature of the test. If the test measures a
collective outcome, such as colony defensive behavior, nest
repair (Wray et al., 2011) or exploratory activity (Blight et al.,
2016), the behavior would be considered collective. Here,
one possible problem with these approaches it that collective
behavior or decision can sometimes derive basically from
individual behavior or decision (Huebner, 2013; Feinerman
and Korman, 2017), and in these cases we would expect
individual personalities to determine collective personality.
When that is the case, the collective outcome could be explained
merely by individual behavior; moreover, there would be no
autonomous organization (in the sense of Mossio and Moreno,
2010; Moreno and Mossio, 2015) at the social level. In the
absence of social autonomy there would be no reason to
measure personality at both the lower (individual) and the
upper (social) level, since one level predicts the other. One
interesting example is the work of Jolles et al. (2017), that
explains fish collective behavior through variations of two
axes of individual personality (sociability and exploration).
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Their mechanistic model, based on individual personality traits,
predicts the structure of the group, leadership and group
foraging behavior.

Our review agrees with previous reviews (Jandt et al., 2014;
Wright et al., 2019) showing the prevalence of a pragmatic,
essentially operational definition of social personality, one that
is based on the repeatability of (group) behavioral scores across
contexts and time. Operational definitions describe how to
identify the phenomena in the object of study, instead of defining
exactly what personality really is. In other words, they tend to
be much more descriptive (pointing to what there is), instead
of proposing a concept or a theory, from a more prescriptive
point of view. This is the reason why it is possible to apply an
(operational) definition of personality to objects to which we
would not intuitively ascribe personality, such as the Homeostat
electronic artifact (Ashby, 1960, see section “Introduction”). This
is another possible problem of directly upgrading to the social
level operational definitions of personality that were conceived
at the individual level: the scope of validity of the concept (for
instance, evaluating the consequences of applying it to limiting
cases) should be critically examined before the upgrading. This
is definitely something that needs further investigation and
clarification, a work appropriate for a conceptual—both scientific
and philosophical—analysis.

In human studies, personality requires a coordinated and
consistent response to environmental challenges. Accordingly,
we would expect a minimum form of integration in the animal
groups to be able to apply this concept at the social level of
organization. Unfortunately, it is not clear, in most personality
studies, if there is any mechanism that would be responsible
for this integration, such as information sharing, or if the same
results would obtain if each individual was acting independently,
without social coordination.

In this paper, we aim to highlight one important characteristic
that justifies the application of this concept to a group: there
is a new level of organization and because of that, a new
selective pressure. One way to identify this organization is
through the flow of information within the system resulting in
an autonomous social entity. In the next section, we summarize
the use of social information networks in exemplar cases of
social insects. Then, we will present an organizational approach
to autonomous agency that can help us analyze the use of the
concept of individual personality at the colony level.

INFORMATION NETWORKS WITHIN
SOCIAL INSECTS

Social insects are model animals in the study of social behavior,
and communication pervades the organization of the colony,
regulating relevant social tasks, from the recruitment of foragers
(Dornhaus et al.,, 2003; Thom et al., 2007), to the selection of
novel nest sites, or the organization of internal tasks within
the colony (Seeley et al, 2012). It seems clear that there
are information flows within the colony (Alem et al., 2016;
Reznikova, 2017), and communication seems to be so central
to social insect organization that the experimental disruption of

relevant communication channels can even revert a social species
to a solitary way of life (Yan et al., 2017).

Information flow can rely on diverse communication
mechanisms such as physical interaction, pheromone use,
auditory calling, vibrational signals, and trophallaxis. While
some signals are unconditionally amplified by all receivers
(i.e., signal transmission without social modulation), resulting
in strong and almost instantaneous responses at the level of
the colony, such as scent alarm triggering escape responses
in ants (Jeanson and Deneubourg, 2009), most colony tasks
are socially modulated at various degrees. As one example, an
ant from a group that is collectively transporting a large food
item may lose contact with the scent trail during the task;
to avoid losing the correct direction, the group decides based
on the transient amplification of individual-based knowledge:
individuals who do not know where to push the load, follow
the others, while those who know push in the right direction
(Gelblum et al, 2015). There are various ways for social
interactions to result in collective decisions, some relying heavily
on individual decisions, with no social modulation, and others
with varying levels of social modulation, up to the point that some
decisions are only available at the group level, including emergent
collective cognition, for example, during nest construction
(Feinerman and Korman, 2017).

Here we will summarize a few of the best-studied signaling
systems in social insects, focusing on two exemplar case systems:
the collective choice of new nest sites (house hunting) and the
collective choice of new foraging patches. Considering the huge
diversity of social systems within either ants (Heinze et al,
2017; Reznikova, 2020) or bees (Wcislo and Fewell, 2017), our
narrow focus here is to be taken as a first exploration in the
application of organizational principles to the nascent field of
animal social personality. Thus, our conclusions will generalize to
social insects only insofar as the systems herein developed share
relevant properties across social insects’ organizations, such as the
reliance on social signaling and the formation of self-organized
social structures.

Collective House Hunting

House hunting has been well studied in ants of the genus
Temnothorax and in the honeybee Apis mellifera (Marshall et al.,
2009; Sasaki and Pratt, 2018). Ant scouts recruit others to a
new nest by tandem running, slowly guiding the novice to
the new site (Franks and Richardson, 2006), and the poorer
is the new nest site, the longer they pause before recruiting
new novices, resulting in lower rates of recruitment for the
poorest sites (Mallon et al., 2001). Ants do not usually rely on
scouts that have visited multiple candidate sites; instead, they
rely on the competition between alternative recruitment groups.
Colonies show a preference for adequately sized cavities with
small entrances and low interior light levels, choosing in a few
hours the best option available (Franks et al., 2003). When the
number of scouts tandem running for one site reaches a threshold
they switch to a faster recruitment strategy, transporting directly
novice scouts instead of slowly guiding them to the new site
(Franks et al., 2002). This new recruitment strategy boosts the
favored option, that soon becomes the dominant option.
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For honeybee swarms, the process is partially similar to
the ant’s house searching algorithm, but the algorithm is
implemented with different mechanisms. Instead of tandem
runs, bees recruit novices with a waggle dance indicating
quality, direction, and distance of the candidate nest site.
Some scouts cease dancing, while others switch their allegiance
to other candidate nest sites (Camazine et al, 1999; Seeley
and Buhrman, 1999, 2001; Visscher and Camazine, 1999).
Finally, and contrasting to the ant procedure, bees include not
only positive, but also negative feedback loops in the search
algorithm, performing stop signals against rival nest sites, and
thus increasing the reliability of the decision process (Seeley
etal,, 2012). The colony-level decision results mainly from scouts
spontaneously stopping to dance for less favorable sites, and from
stop signals against competing sites, resulting in more new scouts
being recruited to the best site. Eventually, a consensus is reached,
with all recruits dancing to one single option, and leading the
swarm to take off to the new site.

Collective Choice of Foraging Patches

One of the largely studied social decision mechanisms in
ants is mass recruitment (Kolay et al, 2020; Reznikova,
2020). The decision between alternative foraging patches in
mass recruitment results from the conditional amplification of
individual scent signals during mass recruitment: the first finder
marks the trail with pheromone in her way back to the nest,
thus recruiting others to the foraging patch, but in many species,
the recruited foragers also strengthen the first trail markings
only in their way back to the nest, ie., after evaluating by
themselves the foraging patch (Beckers et al., 1992a; Mailleux
et al., 2003). When there are alternative simultaneous trails, the
differential amplification of one of the alternatives eventually
leads to one single lasting trail. This differential amplification
can occur either by the recruitment of a larger number of scent
marking scouts, as a result of strongly marked trails eliciting
disproportionately stronger responses than weakly marked trails
(Sumpter and Beekman, 2003), or by each scout marking the
preferred route with higher pheromone concentrations (Jafte
and Howse, 1979; Beckers et al., 1992b). Direct contact between
recruiters informs about the food type (Le Breton and Fourcassié,
2004) and appear to convey information about the location of
food sources (Reznikova and Ryabko, 2011), thus potentially
informing the choice among trails. Down regulation of a trail
occurs when recruits reduce pheromone deposition (Czaczkes
et al,, 2013) or use a no-entry pheromone over a trail (Robinson
et al, 2005). Now for Apis mellifera, the distance from the
food source to the hive is an important parameter in the dance
signaling system: round dances inform about nearby, while the
waggle dances inform about more distant resources. In any case,
bees only dance after returning from highly profitable resources,
and the nature and quality of these resources are informed
directly through the floral scents stuck in the recruiter’s body and
through regurgitating resources at the dance floor. The cognitive
feats of an individual dancer include, among others, measuring
the hive-resource distance through the optic flow in the journey
back to the hive, evaluating (from the hive) the angle from
the resource to the sun through polarized light, changing the

coordinate system of this celestial angle to the vertical plane
of the hive comb, and transducing the optical flow distance to
the duration of the waggle run (Holldobler and Wilson, 2009).
The success of the recruitment for a foraging patch increases
with the dance floor vibration intensity (Sandeman et al., 1996),
and with the frequency of the shaking signal: the worker climbs
and shakes successive nestmates, thus bringing new workers
to the dance floor (Seeley, 1995). Recruitment decreases with
the frequency of multi-functional stop signals (Kirchner, 1993).
Stop signals also promote cross-inhibition between competing
foraging patches (Seeley et al.,, 2012) and increase the number
of bees retrieving the food resources from the dance floor to
the interior of the colony (Thom et al., 2003). Retrieving food
from the dance floor to the interior of the colony can also be
increased by the tremble dance signal (Seeley, 1995), whereby
the signaler wanders irregularly about the combs shaking their
bodies with their front legs held overhead, recruiting passing bees
to nectar processing.

The Organizational Approach to

Autonomous Behavior

Since we are assuming the organizational approach in philosophy
of biology as a theoretical landmark to interpret the ascription
of personality and cognitive functions to social colonies, we will
describe this approach in this section.

Organizational approaches have emerged in philosophy of
biology in the 1990s and are becoming prominent along the
last decades (e.g., Schlosser, 1998; Collier, 2006; Christensen
and Bickhard, 2002; Delancey, 2006; Mossio et al., 2009).
Biological systems, organized in a closure of constraints, are
not only more complex, but also enable the potential increase
of functional complexity, when compared to the simpler
and qualitatively distinct self-organized systems (Moreno and
Mossio, 2015, p. 18). One of the reasons for the prominence
of organizational approaches is its philosophically coherent and
integrative, as well as heuristically fruitful grounding of the
teleological aspect of the functional ascriptions in biology (which
we will explain below).

In order to present the organizational approach by Moreno
and Mossio, let’s consider the functional relationship between
a trait and the organism of which it is a part. More formally,
according to this perspective, a trait T has a function in the
organization O of a system S if and only if the following
conditions, Cn, are satisfied:

Ci: T exerts a constraint that contributes to the maintenance of
the organization O.

C,: T is maintained under some constraints of O.

Cs: O realizes closure (Moreno and Mossio, 2015, p. 73).

This definition can be illustrated with an example. On the
one hand, the bee’s gut (T) exerts a constraining action on the
physicochemical flow (represented by the ingested food) through
all the bee body (the system S), and in this way contributes to
the maintenance of the organization O of S. This corresponds
to C; in the formalization above, which represents a bottom-up
influence (from the part to the whole system). On the other hand,
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according to C,, the gut (T) is maintained under constraints of
the organization O of S. That is to say, the gut depends on other
structures (such as the eyes, the wings, etc.) which constitute
the very organization of the system S, since the gut needs, for
instance, to receive nutrients (instead of toxic substances) that
come from other organs, in order to maintain itself. This is a top-
down relationship (from the organization as a whole to the part).
Finally, according to Cs the organization O of S realizes closure,
because of the very nature of the relationships described at C;
and C,. Closure, in general, means that a sequence of natural
processes realizes a causal loop (see Nunes-Neto etal., 2014;
Moreno and Mossio, 2015). For a schematic representation
(see Figure 1).

There are two kinds of closure: closure of processes and
closure of constraints. Closure of processes happens when, for
instance, a process A causes a process B, which causes C, which,
in turn, causes A. Some purely physical or chemical systems are
characterized by a closure of processes. A closed glass bottle half
full of water, receiving solar radiation is a good example. The solar
radiation traverses the walls of the bottle and heats the water,
which reaching one given temperature, evaporates. The water
vapor rises and condensates in the top of the bottle, thus, falling
as liquid water, which is now again subject to evaporation. The
cycling of water molecules inside the bottle is a physicochemical

circular flow, constrained only by external entities, in this case
the glass and the solar radiation. The glass and the sun act, then,
as external constraints, which are not regenerated by the cyclic
thermodynamic flow of water.

By its turn, closure of constraints is a result of a complex
organization, for which biological organisms are paradigmatic.
A constraint happens when not only a flow of matter and energy
(processes) forms a causal loop, but also biological structures
(such as the bee organs) affect each other in mutual dependence
relationships, and also determine a reduction in the degree of
freedom of the flow of matter and energy, in other words,
constrain the flow of matter and energy. Here, the idea of mutual
dependence between constraints is crucial. Formally, a set of
constraints C performs closure when, for each constraint Cp,
belonging to C, (i) C, depends directly on at least one other
constraint in C (i.e., Cp is dependent) and (ii) there is at least
one other constraint Cy, also belonging to C, which depends on
Cy (i.e, Cp is an enabling condition). This mutual dependence
generates the capacity of self-maintenance, which is specific to
the way autonomous systems realize closure (for more details, see
Moreno and Mossio, 2015).

In sum, going back to our example, we could say that the gut
produces an effect (its function, to digest and absorb nutrients)
which contributes to the maintenance of other organs (say, the

A B
scale ! Cy
i C : %
: g T2 : AQ —o— Cl
rola—§ .p ; §
T : A1 —— Bl
C
T5
T4
73
T2
T1

FIGURE 1 | Constraints act upon processes and remain stable at the scale of these processual changes. (A) The constraint C acts over a process A > B; (B)
dependence between constraints: the constraint C1 is dependent on the presence of another constraint, C2; (C) closure of constraints: the constraints C3, C2, and
C4 are mutually dependent upon one another. Ai, Bi, and Ci are entities within a system; =i, specific time scales; the simple arrows indicate processes; the zig-zag
arrow indicate constraining actions (from Moreno and Mossio, 2015, figures elaborated by Maégl Montévil).
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wings), as it makes it possible that nutrients are delivered to
them. The wings allow flying, which is a condition of possibility
for finding new food, raw material for the gut performing its
function, which closes the cycle.

As Mossio et al. referring to organizational closure, put it:

organizational closure justifies explaining the existence of a
process by referring to its effects: a process is subject to closure in
a self-maintaining system when it contributes to the maintenance
of some of the conditions required for its own existence. In this
sense, organizational closure provides a naturalized grounding
for a teleological dimension: to the question ‘Why does X exist
in that class of systems?), it is legitimate to answer ‘Because it does
Y’ (Mossio et al., 2009, p. 825).

The organizational approach was originally applied to
individual organisms and their traits as the functional units.
However, we could conceive also the individual organisms, or
the sets composed by them (such as colonies, populations, or
communities), as the functional units themselves, thus applying
the organizational approach to other levels within the ecological
systems (Nunes-Neto etal., 2014, p. 131). More recently the scope
of the functional units was broadened, in order to include abiotic
items, once they can also play the role of constraints on the flow
of matter and energy (El-Hani and Nunes-Neto, 2020). Thus the
organizational approach can be applied to a broad range of levels
in the biological hierarchy and, accordingly, we will use it to
evaluate if one same psychological predicate can be found not
only at the individual but also at the social level.

APPLICATION OF THE
ORGANIZATIONAL APPROACH TO
SOCIALITY

The organizational approach depicted above has a long history
(see Gilbert and Sarkar, 2000; Wolfe, 2010), and allows for a
principled ascription of functions within the biological hierarchy
(Mossio et al., 2016), sanctioning functional ascriptions to
both biological organisms (Mossio et al., 2009) and ecological
systems (Nunes-Neto et al., 2014), a quality that is relevant
for our purposes, since we are trying to specify the putative
existence of a socio-psychological (a social mind) level on top of
psychological individuals.

For example, the application of organizational principles
to individuals has shown that to perform adaptively complex
behavior, the cognitive system, as exemplified by the nervous
system of individuals, should present some properties (Moreno
and Mossio, 2015, pp. 167-193). First, as responsible for
the mediation between internal (bodily) and external
(environmental) sensorimotor coordinations, the cognitive
system should not follow strictly the dynamics of either the
internal or the external stimuli, that is, the cognitive system
must show dynamic decoupling from the dynamics of both its
internal (metabolic, physiologic) and external (ecologic) drivers.
Second, the cognitive system should show second-order closure
of constraints (see the section above), meaning that information
should flow through a net of co-dependent constraints that
are themselves generated within the very cognitive system.

Third, for the possibility of adaptive adjustment in behavior, the
cognitive system should be able to regulate its own functioning,
meaning that there should be some internal constraints that only
become active when the whole cognitive system is risking to fall
out of bounds. The activation of these regulatory, constitutive
constraints, could turn cognitive functioning back to normality
either by maintaining the actual organization of constraints
through calibrations on the flux of information, or by changing
the actual organization of co-dependence between the constraints
(i.e., the cognitive system enters into a novel organizational state).
Together, these three requirements imply the autonomy of the
cognitive system, meaning that the cognitive system is not merely
responsive to either the internal (metabolic-physiologic) or the
external (ecologic) drivers, but instead that it is an active system
with its own structure and normative rules, built upon a history
of interactions with these very drivers.

So, what happens when we jump from the cognition of an
individual to the cognition of a social, or collective system?
Social cognition in insects has sometimes been labeled as the
product of a liquid brain (Solé et al., 2019), i.e., the product of
a system where the “neurones” are not static (as in usual, solid
brains) but instead are mobile agents (ants, bees, termites) that
exchange, store and process information to obtain a collective
decision. In this parlance, our question would thus be: do liquid
brains have personality? To answer this question, we develop
bellow a conceptual analysis, evaluating three requirements for
autonomy of personality at a social level (Table 1 summarizes
our main findings).

Closure of Constraints at the Social

Level

Information flow within the social system occurs through
communication between individuals, and following our review of
social insect communication, we find that these requirements for
social cognition sometimes do not hold at the social level.

For example, the recruitment processes for the choice of a
foraging patch, or of a new nest site, are paradigmatic examples
of self-organized systems that constrain the flow of information
to, and within the colony. But self-organization by itself does
not imply the existence of a closure of constraints, because self-
organized systems have one single, macro-level constraint, and
therefore they are not able to instantiate any co-dependence
between constraints (Mossio et al., 2009). In our exemplar case,
although one single mass recruitment trail certainly constrains
the flux of information to individual ants, feeding back the
recruitment of new foragers to the trail, and thus contributing
to its own self-maintenance (i.e., it is a self-organized system),
it is constituted by one single constraint (the trail itself), and
thus cannot by itself realize a closure of constraints. The trail
is, in this organizational analysis, comparable to physicochemical
dissipative structures, self-organized systems such as the flame of
a candle, or Bénard cells (the bubbles that appear spontaneously
when heating water), but it could not by itself be considered, at
the collective level, a cognitive system.

But there is more to insect societies than isolated self-
organized social structures (SOSSs). The collective choice
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TABLE 1 | Fulfilment of the organizational requirements for the ascription of social personality in particular cases of self-organized social processes.

Self-organized social Social closure of Decoupling between individual Regulation of collective References

structures constraints and social dynamics decision processes

House hunting in Temnothorax No No No Mallon et al., 2001; Franks et al., 2002,
2003; Franks and Richardson, 2006

House hunting in Apis mellifera Yes No No Camazine et al., 1999; Seeley and
Buhrman, 1999, 2001; Visscher and
Camazine, 1999; Seeley et al., 2012

Recruitment for foraging in No Yes No Beckers et al., 1992a,b; Mailleux et al.,

Lasius niger 2003; Czaczkes et al., 2013

Decision between competing Yes Yes No Sumpter and Beekman, 2003;

foraging recruitment trails in
Monomorium pharaonis

Mass recruitment in Atta No Yes
cephalotes
Decision between competing Yes No

foraging recruitment vortices in

Apis mellifera

Integration between distinct Yes No
tasks in Apis mellifera

Robinson et al., 2005

No Jaffe and Howse, 1979
No Kirchner, 1993; Seeley, 1995;
Holldobler and Wilson, 2009; Seeley
etal., 2012
No Seeley, 1995; Thom et al., 2003

(F) are depicted; T1 and T2 are different time scales.

Forager Transport
trail trail
T
T,

FIGURE 2 | Forager and transporter trails (socially self-organized systems—SSSs) constrain information flow, thus causing individuals to change their internal state,
between inactivity (inact) and activity (act). As a result, both SSSs act indirectly upon each other through recruitment processes. Both transporters (T) and foragers

between competing foraging patches (or competing nest sites)
relies basically on the differential recruitment of new individuals
to one of the competing options, through the positive feedback
within each option, and also through the addition of negative
feedback across competing options. Thus, when there are two
alternative vortices of recruitment at the same time, we do have
two collective structures constraining the flow of information
through the individuals, so that there is the possibility of a
co-dependence between constraints, and thus a possibility of
fulfilling one of the requirements for cognition at the social level.

When the choice between competing recruitment options
depends overly on the differential amplification of distinct trails,
there is scant need for interactions between the two competing
trails. When this is the case, the two trails are each one

a constraint to information flow within the colony, but the
constraints do not interact significantly with one another, there
is no clear flow of information between the trails, meaning,
again, that there is no closure of constraints. Thus, when there
is no significant interaction between the constraints (no closure
of constraints), the resulting phenomenon, the collective choice
of one of the available resource patches, is fundamentally a
result of individual cognition guided by self-organized processes.
While this is certainly a social decision process, it does not
reach the complexity required for a closure of constraints,
and thus it does not attain autonomy at the social level. The
competing trails would, in cases like this, be akin to distinct
bubbles of water (Bénard cells) differentially growing through
the “recruitment” of nearby water molecules during the heating
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of water, a recruitment that feeds back the competing self-
organized processes.

The situation seems different for Apis mellifera or M. faraonis,
which show a significant interaction between distinct recruitment
groups through stop signals that promote cross-inhibition
between competing options (Robinson et al., 2005; Seeley et al.,
2012). These species seem thus to rely on more than self-
organization to choose the best option: there is signal processing
between the competing vortices of recruitment, and thus the
final choice involves a second order, across sites information
processing system. This second-order information processing
system could qualify as cognition at the social level, that is,
on top of individual cognition because, from an organizational
standpoint, when there is significant interaction between the
constraints (recruitment vortices), there is the possibility of
appearing a closure of constraints (see Mossio et al., 2009 and
the section above). Interaction between SOSSs (the recruitment
vortices in the example above) can also occur between distinct,
spatially contiguous tasks in a colony (Figure 2). For example,
while an external ant trail focus on bringing pieces of leaves
into the nest, another trail focus on transporting these pieces
to inner parts of the colony, or while a group of external
forager bees focuses on bringing nectar to the comb, another
group focuses on further nectar processing, within the colony.
In these cases we also can have interactions between two self-
organized activities: external forager bees make the tremble dance
signal, whereby the signaler recruits passing bees to the internal
nectar processing task (Seeley, 1995). There can also be indirect
interaction between contiguous tasks: the continuous action of
external ant foragers generates a pile of resources, which then
stimulates workers within the colony to further process the pile, a
process denominated stigmergy (Theraulaz and Bonabeau, 1999).
Through either direct or indirect interaction, the complementary
tasks (i.e., the distinct transport SOSSs) constrain the flow of
information, and thus the decision process of individuals, in
a way that instantiates a co-dependence between these very
constraints (Figure 1).

The argument above could be more general, including not
only two, but all the task forces in a colony, in species where
there is heterogeneity of tasks. In general, considering the whole
colony, heterogeneous interaction profiles across individuals
emerge with colony size increase and, with that, information
flow becomes modularized (Naug, 2009). The evolution of
task specialization with colony size increase would thus create
informational compartments within the colony, with highly
connected individuals at the edge of these compartments
(O’Donnell and Bulova, 2007). If direct or indirect connectivity
between contiguous tasks imply closure of constraints, as
discussed above, then the colony could be considered to have a
second order, social information processing system.

Decoupling Between Social and

Individual Dynamics

Closure of constraints at the social level is but one of the
requisites for autonomous social cognition. There must also exist
a decoupling between the dynamics of the cognitive system and

the dynamics of both its internal and external drivers, that is,
in the case of individual cognitive agents, internal metabolic
signaling (physiology) and external environmental stimuli. At the
social levels, the equivalent to internal metabolism would be the
social physiology, the decentralized interactions between colony
members. But these interactions are not easily distinguishable
from the information flow (between and within its SOSSs). This
is because, differently from what happens within the nervous
system, where the rapid dynamics of information flow surpasses
the slower dynamics of body metabolism, thus allowing for an
effective integration across distant body parts, at the social level,
the information flow, both between and within SOSS, is obtained
by these very interactions: information flow and interactions are
one same thing. The second-order, social information processing
system seems stuck in the same dynamics of the interactions
between individuals (it is constituted by these very interactions),
ie., it is stuck in the dynamics of social physiology. This could
explain why frequently the dynamics of collective behaviors
mimics the dynamics of ecological drivers (Gordon, 2019):
there is no autonomous level of social information processing,
resulting in a social system that is by default coupled to its
external drivers.

In some circumstances, however, the dynamics of social
information could be decoupled from social interactions. This
could occur when there is indirect interaction, through contact
pheromones, or in the case of stigmergy. This is because
indirect interaction relies on social assets (a collective mass
of pheromones in a trail, a pile of resources), which have a
dynamics that is slower than the dynamics of direct, inter-
individual interactions. But while the second-order, nervous
system based individual cognition is able to integrate distant
parts of the organism because of its fast dynamics, social
insects could sometimes have a second-order, social information
processing system that is, on the contrary, slower than the
direct interactions themselves. Slower processes cannot integrate
a bunch of faster processes, and thus are unable to produce real-
time, concerted social responses that attend simultaneously to
various colony demands.

Regulation of Collective Decision
Processes

The last formal requirement for autonomy at the social level is
the possibility of self-regulation of the social decision processes.
This would require one or a few SOSSs that would enter into
action when the system is out of bounds, interfering with
information flow or with the very organization of constraints
(Moreno and Mossio, 2015).

Although the existence of these regulatory constraints is
possible, the very decentralized nature of colony organization,
relying heavily on anonymous agents using local information
and indirect interactions (Feinerman and Korman, 2017), seems
to reduce the possibility of regulation through supplementary
social structures. There is certainly regulation of interactions
by individuals (Kolay et al., 2020). For example, Monomorium
ants produce a volatile pheromone that repels workers from
unprofitable resources (Robinson et al., 2005), thus contributing,
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for example, to the decline of an established trail. But, as we
have discussed above, the whole trail (from its creation to its
extinction) is a SOSS and, as such, it is a very intricate process
from the point of view of the individuals that create it, but
from the point of view of the social organization, it is way too
simple. Any SOSS is constituted by one single constraint (see
above “Closure of constraints at the social level”), and to allow
for regulation one needs at least three constitutive constraints
(SOSSs): a regulator constraint that enters into action only
when needed (when the system is out of bounds), so as to
modify the interaction between the two remaining, co-dependent
constraints. We should be careful not to mix levels of analysis:
regulation of individual interactions is paramount for an analysis
at the level of the individuals, but we are here working at the
social level, searching for SOSSs that regulate the interactions
between other SOSSs.

DISCUSSION

Although we concur that the ascription of psychological
predicates to individual ants, bees, or any other social animal, is
itself literally correct (Figdor, 2018), the same may not hold true
for the ascription of psychological predicates to upper, social level
entities. Considering personality as connected to a very general
view of cognition as information processing (Shettleworth, 2010),
framing this general view within an organizational approach,
a very effective theoretical development for studying functions
across levels of biological organization (Mossio et al., 2016), we
found conflicting results concerning the ascription of personality
to social entities.

A general result of the conceptual analysis is that one cannot
uncritically ascribe psychological predicates to self-organized
social structures (SOSSs), such as termite or ant trails, or bee
scouts recruiting for a single resource patch, because these
social entities constitute themselves in a single constraint (to
information flux). In this case, there is no upper individual,
social level of cognition, no two self-organized social structures
that generate one another and perpetuate themselves, by driving
information flow through the colony.

To be clear, this is not to say that there is no emergent
cognition. Self-organized processes are paradigmatic models
for emergent phenomena, and cognition is no exception at
it, for collective behaviors, such as collective motion patterns
or collective predator avoidance patterns, do emerge from
individual interactions (Ioannou et al., 2011). Individuals do
communicate or interact with one another in these self-
organized, social processes, but the collective, sometimes
emergent outcome relies mostly on individual cognitions
trapped in non-linear feedback loops that are characteristic of
selforganized processes. The social structure that emerges in these
cases is, from a modeling perspective, akin to a physicochemical
dissipative structure, and in this way, it is too simple as a social
structure, one that is unable to fit even in the simplest models of
closure of constraints (Figure 1C). There is emergent cognition,
but not one complex enough to be sustainable, autonomous at the
social level: there is no social cognition.

This first conclusion has many practical consequences for
research in social personality. For example, the finding of
stable, across-colonies differences in a collective trail property,
such as the timing to form mass recruitment trails, or
the timing to recover from an experimental perturbation
performed on such an isolated trail, the stability on any of
these measurements should not be taken as an index of the
existence of social personality, because they simply reflect a
combination, albeit a non-linear and sometimes complicated one,
of the individual personalities already present in that trail. No
further psychological, autonomous social system of information
processing is required to explain the observed pattern.

When the measurement of social personality involves not one,
but two or more interacting trails, recruitment processes, or more
generally, SOSSs, then our conceptual analysis portrays a more
nuanced outcome. If there are negative and positive feedbacks
occurring between the SOSSs (Figure 2, Table 1) the social system
is complex enough to show closure of constraints, presenting a
second-order, social information processing system on top of the
first-order, individual information processing system. At a lower
level of analysis, at the level of individual cognition, a second-
order processing could be implied in the cross inhibition between
integrating populations of neurons, and it would be crucial for
effective behavioral choice in individual decision-making tasks
(Bogacz et al., 2006; Bogacz, 2007).

But not all collective SOSSs choices (between food patches,
nest sites, routes) possess a second-order, social information
processing system: some choices, as the above discussed case of
the Pharaol’s ant, are better characterized as effected through
a population of independent, barely interacting socially self-
organized structures (trails). In these cases, the observation of any
stable, cross-colonies differences in any of the collective choice’s
attributes should not be taken as an index of social personality.

There are plenty of differences across social species in the
dynamics of their collective behavior (Gordon, 2019), and thus
each different organizational profile requires close inspection.
For example, there are ant species with specialization of tasks
within one single fixed foraging team, with one single nest
comprising thousands of foraging teams, sometimes organized
in interconnected, multi-domus nests (Reznikova, 2020).
Notwithstanding the variability in social insect organization and
dynamics, a rule of the thumb would be that, considering that
heterogeneity of connectivity (of the network of interactions
across individuals) increases with colony size (Naug, 2009), with
larger colonies showing a more modularized structure (larger
number of information comportments), then the larger the
colony the higher should be the probability of interactions to
occur between contiguous informational compartments. If, as
we have shown above, the existence of reciprocal interactions
(with positive and negative feedbacks) between SOSSs complies
with the formal requirements for closure of constraints, the
larger the colony, the more there are opportunities for the
emergence of social cognition. Coupling between the dynamics
of the environment and that of socially self-organized structures
is not rare at all among social insect societies (Gordon, 2019),
but this coupling is a sign of heteronomy. If one is interested
in social, instead of individual cognition, then one is searching
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for autonomy, and accordingly the phenomena of interest are
those that reflect the uncoupling between the flow of social
information and the flow of information regarding both the
external environment and the internal, social physiology.

Although none of the studied systems complies with all
the formal requirements for social cognition, particularly
regarding the requirement of a social self-regulation of the
interactions between SOSSs, the application of the organizational
approach to social systems seems to provide a more nuanced
take on the issue of social personality. Some collective
decisions (the ones that require the interaction between several
SOSSs), performed by some species (those with positive and
negative feedback systems), when measured at groups of
certain (large) sizes, have the potential to be connected to
a social level of personality, one that would be autonomous
in relation to lower, individual levels of personality. Thus,
a conceptual analysis based on a fair amount of knowledge
regarding the communication structure, across and within
several tasks, is required before studying social personality in any
particular case.

We hope that the organizational approach herein developed
helps to ground theoretically the emerging area of social
personality, inspiring its application to further, related areas.
For example, there have been proposals conceiving ecological
communities as learning structures, with the ecological relations
between species as analogs to synapses in the nervous system, and
thus with individual learning, through changes in nervous system
topology, as being functionally equivalent to ecosystem learning,
implemented as changes in the topology of the ecological
relations (Power et al., 2015). A similar proposal seems to
somewhat entangle evolutionary and learning processes (Watson
and Szathmdry, 2016). The application of the organizational
approach would help to clarify conceptually these broad
analogies. In general, while researchers in ecology are mostly
interested on the biological constraints to the flux of matter and
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