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Abstract

Social scientists have long appreciated that relationships between individuals cannot
be described from observing a single domain, and that the structure across domains
of interaction can have important effects on outcomes of interest (e.g., cooperation;
Durkheim, 1893). One debate explicitly about this surrounds food sharing. Some
argue that failing to find reciprocal food sharing means that some process other than
reciprocity must be occurring, whereas others argue for models that allow reciprocity
to span domains in the form of trade (Kaplan and Hill, 1985.). Multilayer networks,
high-dimensional networks that allow us to consider multiple sets of relationships at
the same time, are ubiquitous and have consequences, so processes giving rise to
them are important social phenomena. The analysis of multi-dimensional social net-
works has recently garnered the attention of the network science community (Kivela
et al., 2014). Recent models of these processes show how ignoring layer interdepen-
dencies can lead one to miss why a layer formed the way it did, and/or draw errone-
ous conclusions (Gérski et al., 2018). Understanding the structuring processes that
underlie multiplex networks will help understand increasingly rich data sets, giving

more accurate and complete pictures of social interactions.
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1 | SOCIAL NETWORKS, MULTILAYER
NETWORKS, AND MULTIPLEX NETWORKS

Social networks are representations of relationships that allow us to
use methods from graph theory.2* Networks consist of nodes, which
may be represented as individuals, connected to each other by ties.

The category of multilayer networks encompasses all networks

consisting of more than one set of nodes and/or ties, where each
layer is defined as a unique set of nodes and ties. Multiplex networks
are the subset of multilayer networks with two basic properties: (a) all
layers share the same set of nodes (i.e., each node replicated in each
layer) and (b) all nodes are connected only to themselves across layers
(see Figure 1). One example of a multiplex network is a social network

with layers formed by different domains of interactions, such as

102 | © 2020 Wiley Periodicals, Inc.

wileyonlinelibrary.com/journal/evan

Evolutionary Anthropology. 2020;29:102-107.


https://orcid.org/0000-0003-3575-6871
mailto:cjatkisson@ucdavis.edu
http://wileyonlinelibrary.com/journal/evan
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fevan.21850&domain=pdf&date_stamp=2020-06-16

ATKISSON ET AL

Evolutionary Anthropology_Wi|LEY_| **

ISSUES, NEWS, AND REVIEWS

FIGURE 1 Multiplex networks. The set of
individuals is the same across all layers. Individuals
are not connected to others across layers but can
be connected to different sets of people on
different layers [Color figure can be viewed at
wileyonlinelibrary.com]

hunting, farming, and drinking. In such a domain-specific multiplex
network, all individuals could do all those things (i.e., the same set of
nodes is shared across domains), but they may do different things
with different sets of people.®

2 | NETWORKSTRUCTURING PROCESSES
We can consider a benchmark model with no constraints. Without
costs or interdependencies, individuals would optimize each of their
networks by rearranging their relationships. Individuals, however, may
be unable to do this due to features of the existing network itself or
other reasons, for example, time constraints. We call the rules for how
a network changes based on the current features of the networks and
the individuals that compose them network structuring processes.
These conditions affect the likelihood of a tie arising between two
individuals in a given domain or change individuals' network-based
outcomes due to their pattern of ties.

We briefly highlight a few network structuring processes that
arise in the context of multiplex networks. Ties might arise in multiple
domains between the same individuals because features of the indi-
viduals that make a tie likely in one domain are also operating in other
domains. This may include things like personality or risk tolerance:
individuals who are wary of being caught alone after dark may fish
together in mid-day and chop firewood in the evening, also together.
Ties between individuals in one domain may be more likely if they are
connected in other domains. Examples are incidental network mem-
bership (discussed in detail below), as well as benefits to bundling rela-
tionships: a person who is a great hunter but poor fisher in an
environment of high day-to-day variability in domain-specific returns
might offer to be an exchange partner in both domains with someone
who is a poor hunter but great fisher. Individuals may struggle to reor-

ganize their networks if the probability of removing a tie depends on

Domain 3

other domains of the network. This includes such processes as con-
straining outside options: the excellent hunter might threaten to not
hunt with the excellent fisher if the excellent fisher does not fish with
them. Finally, outcomes may be the result of interactions between
domains. This includes processes such as alignment of incentives: if a
hungry hunter is a poor hunter in a cooperative hunting exercise, then
that individual's partners in the hunting domain might share additional
food with him, therefore having a connection in the food sharing

domain, so that hunting returns are higher for everyone.

3 | INCIDENTAL NETWORK MEMBERSHIP

We now discuss one important but specific example of a multiplex
network structuring process to illustrate some of our main points. The
process of incidental network membership rests on a few key pre-
mises. First, relationships require time and effort. Second, organisms
do not have infinite time and resources. Third, relationships in some
domains have a higher net benefit. If these premises are true, then
organisms will prioritize optimizing networks in the domains with the
highest net benefit. Given finite time and resources, organisms may
optimize their entire multiplex network by extending a relationship
with a partner on one important domain into a less important
domain—even if that individual is not an optimal partner in the other
domain. This can result in nonoptimal networks when considered as a
single layer.

As an illustration, the Makushi of southern Guyana grow and pro-
cess cassava into a product that is shelf-stable for years by parching
the cassava with beef fat to remove the water to make what they call
farine.® Processing cassava to make farine involves many steps, which
must occur concurrently. Because of this, it is the best use of time to
have several people working together on different stages of the pro-

cess, constantly adding more cassava to the farine pan. Indeed,
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women (who do most of this work) have preferred cassava parching
partners and are rather consistent in their use of those partners
(CA observation). These women spend large amounts of time
together, talking constantly. It is common to hear women seeking out
advice on their personal lives or reproductive decisions. Since these
women have already received such information as a by-product of
their cassava processing, they may not be motivated to pay an addi-
tional cost to recruit better partners in their advice network for only
marginally better information. By increasing the efficiency of one layer
of the multiplex network (cassava processing), inefficiencies have

been introduced on another layer (the reproductive advice network).

4 | AMODELOF ANETWORK
STRUCTURING PROCESS

We now discuss a formal model of a network structuring process by
Goérski and colleagues in more detail.” This model examines how cou-
pling between two layers of a multiplex network impacts the
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probability of reaching a system equilibrium (a type of network opti-
mality), such that looking from a single-layered perspective, all individ-
uals are happy with the relationships they have. In the real world, this
“network optimality” implies that individuals are able to get and main-
tain the relationships they would like. In this model, each tie in each
domain possesses a real weight ranging from —1 to +1. Positive and
negative weights correspond to good and bad relations between indi-
viduals, respectively. The weights can change in time, and the change
of a tie weight between two individuals in a domain at each time step
is determined by their relationship at the previous time step, their
relationships with neighbors they share in common in the focal
domain, and the current tie weight in the other domain. The impact of
the current tie weight in the other domain can vary in strength due to
coupling between layers. The coupling between layers in this model
can be asymmetrical such that a tie weight in Layer A changes more in
response to the tie weight in Layer B than the reverse. An example of
this would be that people already processing cassava together can
give each other reproductive advice since they are spending the time
together anyway, but those already giving reproductive advice may
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FIGURE 2 Observing only a single layer of a multiplex network may lead a researcher to wrong conclusions. This figure shows the probability
of networks of size N with randomly generated initial tie weights and two layers reaching optimality (O) for the multiplex.” f1 and p2 are coupling
coefficients. For instance, p1 represents the influence of the tie weights in Layer 2 on the tie weights in Layer 1, and p2 the reverse. The color at
each pixel shows O, for that combination of 81 and 2, ranging from black (O = 0) to white (O = 1). An uncoupled layer (p1 = p2 = 0) always
reaches optimal states (O = 1). However, the coupling between layers decreases the probability of reaching optimality. Therefore, a researcher
ignoring the other layer may draw wrong conclusions about individual layers in the multiplex—the researcher might wrongly think to have
discovered nonoptimality in the single-layered network [Color figure can be viewed at wileyonlinelibrary.com]
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not have cassava around to process together. The analysis of the
model finds that if layers are completely disconnected from each
other, network optimality is achieved independently in each of the
domains.” If one layer is much more strongly driven by the other layer
than the reverse, network optimality is achieved because the domi-
nant layer will drag the other layer to its state. But for the parameter
space between those extremes, where both layers impact each other,
network optimality may not always be achieved. Furthermore, the
parameter space in the coupling strength for which optimality is often
achieved decreases as network size increases. Figure 2 shows the
probability of optimality given different coupling strengths for net-
works of four sizes. The results for each network size are given in its
own panel. This figure, therefore, allows us to compare the effect of
coupling strength on the probability of reaching optimality for four
networks of different sizes. This model demonstrates that ignoring
the coupled nature of networks may result in failing to find expected
relationships between networks and outcomes. This conclusion may
be unwarranted, however, because the underlying structure was not
accounted for. We give some thoughts about how this may be
addressed in data below.

This model leads us to a central formal finding in the nascent study
of multiplex network structuring processes: looking at domain-specific
networks without appreciating the multiplex structure can lead us to
the wrong conclusions (e.g., assuming each layer of the network rather
than the entire network is being optimized). This applies to research
that concentrates solely on network structure and/or formation, as well
as research studying the effect of networks on outcomes. If we exam-
ine a single domain to find optimality, we are unlikely to find optimality
simply because we have not examined the whole network: agents will

be optimizing across their entire multiplex network.

5 | ANALYZING SOCIAL NETWORKS
GIVEN MULTIPLEXITY

Models of multiplex networks indicate that their effects are pervasive.
The development of tools to analyze these types of networks has thus
far proceeded by network scientists using publicly available data sets
such as transportation networks. Many anthropologists spend exten-
sive amounts of time observing how complex behaviors are enacted
in small-scale societies. The small scale of these networks provides a
tractable data set from which one may draw insights.® Because of
this, the insights of anthropologists can help develop better measures
and methods more quickly. Evolutionary anthropologists, in particular,
will be able to contribute much to our understanding and analysis of
network structuring processes because they are explicitly interested
in how things develop over time. This indicates that, at a minimum,
evolutionary anthropologists can contribute considerable insight into
these issues by working with network scientists who are developing
measures and methods for the understanding and analysis of multi-
layer social networks.

Furthermore, we anticipate that theoreticians and methodologists

will be interested in working with evolutionary anthropologists who

study social networks because they oftentimes gather data which are
inherently multiplex and will already have such data. As an example,
many people evolutionary anthropologists work with practice mixed
subsistence strategies. As such, they may have already asked ques-
tions such as “With whom do you hunt?,” “With whom do you fish?,”
“With whom do you cut down fields?,” and “With whom do you go to
the market?.” Therefore, if someone was working in a population that
practices a mixed subsistence strategy, they may have already gath-
ered multiplex networks in the course of gathering data on subsis-
tence. Many other people interested in the effect of social networks
on outcomes will have gathered similarly multiplex data, meaning that
these data sets will be ideal for theoreticians and methodologists to
work with.

Given the constraints of time and funding, it is unreasonable to
suggest that everyone gather data on every single behavior or every
single borrowed item, for instance. There are some quantitative mea-
sures that may help us decide which layers to use in an analysis once
we have gathered the data (e.g., matrix correlation or information the-
oretic measures), but there are currently no methods that help us
determine how many layers to gather before data collection. There-
fore, it is incumbent on us to use our domain and ethnographic knowl-
edge to think of the most salient layers that we can collect given our
various constraints. It is doubtful that the patience of either the
researcher or the respondent will be sufficient to gather all networks
(CA's interviews in which participants could nominate alters on over
100 networks took hours to complete), but the logic underlying multi-
plex structuring processes leads us to believe that any attempt to
gather more than one layer is better than none. As an example, the
ongoing ENDOW project that is gathering complete network data
from one or two communities in over 30 societies asks about six net-
works.” Once we have gathered data, algorithms implemented in pro-
grams such as Muxviz!® can help us decide how many layers to
include in our final analyses.

In addition to being phenomena worthy of study in their own
right, multiplex structuring processes complicate traditional network
analysis. The structure of the multiplex can result in each layer being
arranged suboptimally, giving an additional source of measurement
error. We may gather data on a hunting network, for instance, and
then try to predict some outcome, like frequency of hunting. If we fail
to find an effect, that may be because we did not parse the hunting
layer from the rest of the multiplex structure. It may be the case that,
all things equal, being more central in a hunting layer leads to
increased frequency of hunting, but it could also be the case that peo-
ple central in the hunting network tend to be central in other layers,
and these other networks prevent them from hunting at the fre-
quency they might otherwise. The increased measurement error due
to the structure of the multiplex network may mean that sometimes
an effect of a layer is found, when it is actually due to a different part
of the underlying structure (Type 1 error). Sometimes it will mean that
no effect of a single layer is found when there actually is an effect,
but that might be because the effect of the underlying structure and
the unique effect of that layer go in opposite directions, leading to a
false detection of no effect (Type 2 error). If the multiplex network
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structuring process is a common cause of measures on each layer
(e.g., centrality), then we are unlikely to recover the true effect of each
network on the outcome of interest unless we have a method to parse
the centrality unique to each layer from the centrality in multiple
layers. Given that we know processes such as incidental network
membership lead to the coupling of networks, and that measures on
coupled networks are not independent, we expect the creation of
tools incorporating the structure of multiplex networks to be an active
and productive area of research. As it stands, there exists no plug-
and-play method for disentangling this coupling—we recommend
working closely with experts in mechanistic statistical models.

The existence of these multiplex network structuring processes
leads us to conclude that we must incorporate the structure of an
individual's ties across domains or else we risk drawing wrong conclu-
sions. In order to do this appropriately, we need to develop models
and techniques for analyzing multiplexed settings. There has been rel-
atively little work on multilayer and multiplex networks to date, but
one of the areas to first receive attention is the concept of
interdependence.® In this context, interdependence means the likeli-
hood of having ties in more than one layer.

How, then, should evolutionary anthropologists proceed given
these considerations? The primary suggestion is to seek out theoreti-
cians and methodologists to collaborate with: your combined insights
will be much greater than could be arrived at independently. While
those collaborations are being developed, we recommend gathering
multiplex social network data as possible. Instead of simply asking,
“Who do you borrow things from?,” divide the question into a few
things of interest such as food, cooking fuel, farm implements, and all
else. Finally, even those who did not do so intentionally may have
gathered social network data that is inherently multiplex, and they can
consider how to separate their layers to treat them as a multiplex net-
work. We are not recommending refraining from analyzing data that
were collected as a single layer but, rather, interpreting those analyses
with caution. There is much to be learned if kinship, for example,
affects a behavior, even if we do not know exactly how kinship got
translated to the outcome. However, any analysis of single-layer social
networks may conflate the effect of that layer and the effect of the
underlying multiplex structure. By tempering the interpretation of
such analyses, we can guard against errors while our collaborations

and new data collection are happening.

6 | CONCLUSION

All humans are embedded in multiplex social networks: we have dif-
ferent partners in different domains of interaction. Multiplex structur-
ing processes are ubiquitous. Specific categories of multiplex
structuring processes that we have discussed here are based on dif-
ferent ways in which interdependencies between layers arise: similar
influences on network formation of individual characteristics across
layers, cross-domain dependencies, cross-domain complementarities,

and spillover of interactions across domains.

ATKISSON ET AL

We illustrated these processes with discussion of two specific
examples. First, in incidental network membership, a tie is formed
between two individuals in a certain domain not because they are
optimal partners for each other, but by virtue of them being con-
nected (perhaps optimally) in another, more important layer. This illus-
trates the potential inefficiencies that may arise when one domain
drives the formation of another. The second example we discussed
was a recent model based on coupling between layers of a multiplex
network. An example of this sort of coupling across domains showed
that it is possible to have large areas of the parameter space where
network optimality may not be reached. These two examples show
that multiplex structuring processes can lead to nonoptimal networks
and that we should incorporate multiplex networks and their structur-
ing processes into our analysis of the evolution of human behavior.
While the development of techniques to incorporate these into our
analysis is just the beginning, there are already some promising direc-
tions and we expect that many more will be generated. Appreciating
the multiplex and linked nature of the domains of interaction humans
are involved in will not only add richness to our understanding but

also bring us to a better explanation for the causes of behavior.
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