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Abstract

The interest in theoretical frameworks that improve our understanding of social-ecological systems is growing within
the field of ethnobiology. Several evolutionary questions may underlie the relationships between people and the
natural resources that are investigated in this field. A new branch of research, known as evolutionary ethnobiology (EE),
focuses on these questions and has recently been formally conceptualized. The field of cultural evolution (CE) has
significantly contributed to the development of this new field, and it has introduced the Darwinian concepts of
variation, competition, and heredity to studies that focus on the dynamics of local knowledge. In this article, we
introduce CE as an important theoretical framework for evolutionary ethnobiological research. We present the
basic concepts and assumptions of CE, along with the adjustments that are necessary for its application in EE. We
discuss different ethnobiological studies in the context of this new framework and the new opportunities for research
that exist in this area. We also propose a dialog that includes our findings in the context of cultural evolution.

Keywords: Cultural transmission, Human behavior, Social learning, Social-ecological systems, Traditional ecological
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Background
Evolutionary ethnobiology (EE) examines the relation-
ship between people and biological resources by investi-
gating cognitive and behavioral characteristics within
ecological and evolutionary frameworks (see [1, 2]). Spe-
cifically, EE involves studies of social-ecological systems,
which briefly, can be understood as the dynamic interac-
tions between culture and the environment (see [3] for
more about social-ecological systems). These interac-
tions result in a body of knowledge, actions, and beliefs
within human populations that can be socially transmit-
ted and subjected to selective pressures over time; this
process is called traditional ecological knowledge [4].
Although some researchers have focused on evolution-

ary, structural and functional studies of social-ecological

systems in ethnobiology [5–7], the field of evolutionary
ethnobiology has only recently been formally conceptu-
alized [8], and it addresses specific objects of interest [1].
Albuquerque et al. [1] argue that several disciplines that
focus on the evolutionary aspects of human behavior
may support theoretical developments and guide ad-
vancements in this field; these approaches include envir-
onmental psychology, evolutionary ecology, ecological
anthropology, human behavioral ecology, evolutionary
psychology, and cultural evolution. The field of cultural
evolution (CE) regards culture as a fundamental cause of
non-genetic behavioral variations among people and
suggests that these variations can be viewed from a per-
spective that is similar to that of biological evolution
(see [9]).
The evolutionary perspective is essential to the growth

of ethnobiology as a science. According to Albuquerque
et al. [1], ethnobiology still focuses on lists of useful
natural resources, which is of great importance because
it records knowledge that may be lost by local popula-
tions; additionally, this knowledge can be useful in the
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search for new remedies and other useful products, but
this approach fails to identify patterns in the use of such
resources and may be insufficient for developing the the-
oretical foundation of ethnobiology. Considering the
forces that helped shape the complex relationship be-
tween humanity and natural resources will help us move
forward in building theories in ethnobiology.
This article introduces cultural evolution (CE) to in-

vestigators who are interested in EE. Furthermore, it
specifies possible research opportunities and presents
potential topics for dialog that include EE and CE. The
text is organized to describe the most basic concepts
of cultural evolution and to contextualize them by con-
sidering the interests of EE whenever possible.

CE: basic assumptions
We know that there are several different theories of
“cultural evolution” and that this term can be under-
stood in the context of controversial concepts, from pro-
gressive theories in the social sciences to new biological
theories, such as memetics (see [10] for memetics).
Therefore, we have to specify that when we refer to
“cultural evolution” (CE) here, we are referring to a dis-
cipline that initially started with studies that used
mathematical models to explain human behavior, by
authors such as Luigi L. Cavalli-Sforza and Marcus W.
Feldman [11] and Robert Boyd and Peter J. Richerson
[12]; most recently, the study of cultural evolution has
been widely discussed by those authors and others such
as Joseph Henrich, James Broesch, Gillian R.
Brown, Kevin Laland and Alex Mesoudi (see [9]).
Therefore, here, cultural evolution is not only one
process; rather, it is a discipline that addresses various
complex cultural evolutionary processes.
CE assumes that, in addition to genetic information

(genes), humans are entities who can store, handle, and
express another form of information, i.e., culture [9]. In
this sense, culture may be understood as information
that is acquired through social transmission, such as
teaching and imitation (rather than by genetic transmis-
sion) [9, 11–14]. Thus, in CE, information is employed
as a broad term that incorporates ideas, knowledge, be-
liefs, values, skills, and attitudes [15].
From the cultural evolution perspective, culture can be

viewed as a form of human adaptation [13, 14, 16, 17].
Human behavior is, therefore, the result of the expression
of both genetic and cultural information. Although be-
havior results from the expression of information, not
all information will necessarily determine a behavior
because the information may not be expressed.
Although CE considers the co-evolutionary relation-

ships between genetic and cultural information systems,
it focuses on the dynamics of cultural traits. Cultural
traits are the units of transmission of cultural

information that can manifest in behaviors and other
forms of communication, such as language [18]. A cul-
tural trait can be measured when we observe a transmis-
sion event. For example, the words of an idiom are
cultural traits that can be measured when two people use
the local vocabulary. The ability to learn cultural traits is a
primary factor that is responsible for the evolution of be-
havior [19].
The main assumption of CE is that the structural dy-

namics of cultural systems can be described using the
basic Darwinian assumptions of variation, selection, and
heredity [9, 20]. For cultural evolution to occur, it is ne-
cessary for cultural traits to vary, either at the individual
level (i.e., one person holds two or more competing
traits) or at the group level (i.e., different traits between
and within human groups). Genetic variations within
populations are essential to evolutionary processes, espe-
cially in response to environmental disturbances. The
same occurs in cultural evolution. However, the sources
of cultural trait variations within a given population are
not always random; this is unlike the genetic mutations
that proceed according to neo-Darwinian evolution,
which can produce new phenotypes. In cultural evolu-
tion, individuals can voluntarily modify the information
that they receive [9, 21].
This variability leads to the preservation of certain cul-

tural traits over others due to competition for expression
and attention because some traits are more likely to
spread within a cultural or environmental context than
others. This type of competition is not a form of direct
competition, such as that between animals that are ac-
tively competing for food; rather, it is an indirect form of
competition, with several traits that have greater prob-
abilities of being learned than others (i.e., differential
fitness) (see [22, 23]). This competition is stronger and
more evident between similar types of information [9].
For example, in experiments of read and recalled words,
people had more difficulty remembering different words
that have the same meaning than those with different
meanings [24]. This may occur because coexistence
within the same cultural domain (see [25, 26] to cultural
domain) is highly competitive. In ethnobiological studies,
we can treat natural resources used for the same pur-
pose (such as those used for firewood, or those used for
the same disease or similar diseases) as those belonging
to the same cultural domain.
Finally, for traits to become fixed within a popula-

tion, they must be heritable (i.e., transmittable to other
individuals). Like most genetic traits (excluding several
bacterial traits), cultural heredity can be vertically
transmitted from parent to child. Transmission can
also occur through non-parental transmission path-
ways (i.e., between individuals of the same generation)
[9, 12, 27, 28]. Together with the possible occurrence
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of several transmission events in a single individual
(see [29]) or in a single cultural domain, these different
transmission pathways allow for drastic cultural changes
to occur within one generation [9, 13, 30]. The time it
takes for a specific piece of information to become fixed
within a population depends more on the cultural trans-
mission pathway between each person than on the inter-
generational time intervals. In this way, the cultural trait
system is more flexible and dynamic than the biological
system of genetic information. Although these characteris-
tics promote the quick spread of adaptive responses to
rapidly changing environments, they can also make the
system more susceptible to the spread of maladaptive
traits (see [31]), which are addressed below.
A key component of cultural evolution is the transmis-

sion of cultural traits through the expression of informa-
tion (i.e., the transmission of a behavior in a manner
that is analogous to a phenotype) [9], which makes cul-
tural transmission much more complex than genetic
transmission, where the genotype is transmitted. Because
people can modify what they learn (phenotype) from
others before they pass that information on, inheritance
in cultural evolution can be described as Lamarckian
[9]. Therefore, although they are very similar, there are
differences between human genetic evolution (particularly
from the widely studied neo-Darwinian perspective) and
cultural evolution (Table 1).
The principles of variation, competition, and heredity

are primarily and widely studied in analyses that aim to
understand the microevolution of culture. Cultural
microevolution attempts to understand the factors and
processes that promote changes in the frequency of cultural
traits within a human population [9]. This approach mainly
uses mathematical models [11, 12, 32], laboratory-based
studies (i.e., psychological experiments) [33, 34], and field
studies (similar to studies in ethnobiology) [35, 36] to
predict the behaviors of different cultural traits and their se-
lection over time.
These population-level microevolutionary patterns can

be used to reconstruct the large-scale, long-term pat-
terns and trends of cultural evolution from a macroevo-
lutionary perspective. The macroevolutionary approach

of CE resorts to comparative methods or phylogenetic
methods [9] to understand the convergent and divergent
evolution of traits in different populations worldwide, as
well as the temporal origins of several important cultural
traits of modern societies. A study by Salis-Lagoudakis
et al. [37] is one example that uses this approach. This
study shows that unrelated and geographically distant
human populations (on different continents) select
phylogenetically similar medicinal plant species for simi-
lar therapeutic ends. These results indicate convergent
evolution, as these populations do not appear to descend
from a common ancestral society.
Important ecological and evolutionary questions may

underlie the relationships between people and their natural
resources, which are investigated in ethnobiology. How-
ever, with few exceptions (see [6, 30, 38]), ethnobiological
studies do not typically consider the evolutionary perspec-
tive. Nevertheless, several patterns that are observed in
ethnobiology can be understood and studied from a CE
perspective, particularly those that are associated with
microevolutionary processes. These processes are the focus
of this article because they allow us to draw several paral-
lels with EE studies and to present new perspectives. The
key concepts of CE and how they can be applied to EE are
shown in Table 2.

Microevolutionary processes in ethnobiology
Mesoudi [9] subdivides the microevolutionary processes
(Table 3) as follows: those that are related to variation
and to the migration of a cultural trait; those that are re-
lated to cultural selection, which determines the prob-
ability that a trait will remain and be transmitted over
other traits; cultural drift, such as the fixation of cultural
traits through random processes; and those that are re-
lated to cultural transmission.
These microevolutionary mechanisms are only made pos-

sible by the human ability to learn and accumulate informa-
tion. Social learning (through knowledge-transmission)
decreases the amount of expended energy during the acqui-
sition of new adaptive information and allows the diffusion
of innovations [39]. However, an innovation caused by the
individual production of knowledge can be more

Table 1 General characteristics of genetic and cultural evolution (adapted from [9, 12])

Evolution type/characteristics Human genetic evolution (neo-Darwinian) Human cultural evolution (Darwinian)

Evolutionary time Usually thousands of years Short time intervals, may occur within
a few years

Variation Random but some regions of DNA are
more susceptible to mutation than others

Can be random or voluntarily guided by
learning rules

Competition Differential fitness of different alleles Differential fitness of different cultural traits

Heredity Parental
Information storage structure (genotype)
is transmitted

Parental or non-parental
Information expression (equivalent to a
phenotype) is transmitted
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advantageous than a transmission in an environment with
low stability because adaptive information at time X can
cease to be adaptive at time Y [16, 19]. In social-
ecological systems, the balance between cultural trait
transmission and innovation, which is associated with
environmental variations, determines the systems’ evo-
lution through the selection and accumulation of adap-
tive cultural traits over time [19].
Questions that address microevolutionary processes

that promote increases in information diffusion and vari-
ation can be thoroughly investigated in ethnobiology.
These questions include the following: Why does the use
of different natural resources utilized for the same pur-
pose (redundancy) persist over time? Is local knowledge
being lost over time? If so, is this decrease in local
knowledge associated with a greater diffusion of other
knowledge systems? In a given population, can socioeco-
nomic factors promote the diffusion and/or inhibition of
cultural traits that involve the use of natural resources?
Few studies have used CE as a theoretical framework to
understand these questions. The use of CE may allow

significant advances in ethnobiology because such phe-
nomena can be explained by the different processes that
guide cultural changes.

The importance of variation in microevolutionary
processes
Utilitarian redundancy is a concept that emerged in eth-
nobiology that is used to characterize the organization
and dynamics of local ecological knowledge [7, 40–45].
According to the utilitarian redundancy model, different
biological resources may have the same utilitarian func-
tions in a given social-ecological system. The redun-
dancy of resources with the same function decreases the
use pressure on the used species and increases the resili-
ence of the social-ecological system (see [44]). For ex-
ample, in local medical systems, some diseases may be
treated by more than one resource, so these resources
are redundant in terms of their therapeutic roles. There-
fore, in the absence of one resource, another resource
can be used in its place, which ensures the resiliency of
the medical system and the maintenance of local health

Table 2 Key concepts of CE and their application to EE (adapted from [1, 9, 15])

CE characteristics Definitions Application to EE

Culture Socially transmitted information that can
affect individual behaviors.

The focus is not on culture as a whole but on
the information that is associated with
social-ecological systems and is expressed in
the relationships between people and biota [8].

Cultural traits Cultural information that can be discretely

or continuously transmitted.

EE can investigate and quantify cultural traits
to generate hypotheses. An example of
quantifiable cultural traits is therapeutic targets
and the medicinal plants used to treat
them (see [7]).

Variation Heterogeneity of cultural traits within the
group and between individuals.

EE can study the real and potential heterogeneity
of cultural traits within a cultural domain (i.e., the
redundancy (variety) of medicinal plants to treat
a disease) [40].

Innovation Introduction of a new cultural trait that results
from different processes, such as the
individual production of knowledge, guided
variation, migration, or erroneous
social transmission.

Innovation increases the heterogeneity of
social-ecological systems, which is the basis for
cultural evolution. For example, exotic species may
be introduced into the social-ecological system
by immigrants [48].

Individual production of knowledge A type of innovation; a process by which an
individual builds new information (innovations),
particularly through experimentation; this
new information may or may not be
transmitted or become fixed within the culture.

EE can investigate if a cultural variation originates
from the individual production of knowledge or
another source of innovation. For example, local
medical specialists can create new remedies by
aggregating cultural traits within a local medical
system (i.e., the cultural domain) [6].

Differential fitness Characteristics that increase the appeal of l
earning a given cultural trait.

Some traits are more appealing or transmittable
than others. Additionally, traits that confer adaptive
advantages in social-ecological systems can be
prioritized to be copied. For example, in a local
medical system, information on the treatment
of frequent diseases is more memorable than
information on others [41].

Lamarckian inheritance Modifications to the expression of a cultural
trait (equivalent to a phenotype) are
transmitted during social transmission.

This characteristic allows for variations that are
generated through guided variation in social-ecological
systems to be transmitted to other individuals.
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[40, 44]. This redundancy indicates a variation in traits
within the same cultural domain, which is extremely im-
portant to the evolution of systems. We can draw a par-
allel to standing genetic variation, which shows that a
species that maintains genetic variation at the same al-
lele adapts faster [46, 47]. Therefore, standing variation

has an important role in facilitating a swift adaptation to
novel environments or rapid changes [47].
As previously mentioned, redundancies or trait varia-

tions in different cultural domains can voluntarily occur
in cultural systems by guided variation. Guided variation,
which Mesoudi [9] refers to as a Lamarckian microevolu-
tionary process, occurs when information is intentionally
modified by an individual to achieve a given objective. For
example, someone learns about a palm tree species that is
used to make a specific object, but then an environmental
variation makes that species of palm tree unavailable at a
particular time. This unavailability may cause the indi-
vidual to use the original received information (i.e., the
shape of the palm leaves) to experiment with using a
similar species. In this way, the initial information a
plant X can be used to make the object can be
intentionally modified, which results in the addition of
a new plant. Together with the original information,
this new information may be transmitted and become
part of a set of plants that is used by the community.
This process of guided variation, when repeated several
times, can increase the repertoire of useful plants for a
given cultural domain. Therefore, as noted by Boyd and
Richerson [12], guided variation does not depend on a
previous variation in the population. Unlike the selection-
like content and context biases, guided variation is related
to an individual’s transformative trait and is unrelated to
the cultural variants of other individuals.
However, the creation and recreation of a new trait

can randomly occur through transmission errors or ran-
domly generated innovations through a process known
as cultural mutation [9]. These errors randomly occur,
and the resulting damage or advantage of the modifica-
tion is not perceived. When a given trait is transmitted
multiple times, the probability that an error will occur
increases; a higher frequency of knowledge transmission
can generate noise in a similar manner to what occurs in
the game of “Chinese Whispers.” This form of cultural
mutation can also explain the results of ethnobiological
studies of local medical systems that show a higher re-
dundancy in medicinal plants that treat the most fre-
quent diseases compared to those that treat infrequent
diseases [7, 41]. These differences in treatment redun-
dancy may occur because the higher frequency of the dis-
ease leads to a higher number of knowledge-transmission
events regarding its treatment, which generates noise and
becomes aggregated in the local pharmacopeia. In other
words, the more times people have to transmit certain in-
formation, such as the treatment of a disease that occurs
frequently, the more susceptible this information will be
to random changes due to the same logic as that in the
game of “Chinese Whispers.” However, the permanence of
these errors is typically lower if they decrease the fitness
of the population. If an error caused by cultural mutation

Table 3 Microevolutionary processes in cultural evolution
(adapted from [9])

Processes Description

Variation

Cultural mutation Randomly generated innovations, similar
to genetic mutations

Guided variation Individuals modify acquired information
according to individual cognitive biases
(Lamarckian)

Migration

Demic diffusion Cultural traits spread as their bearers
move between different groups

Cultural diffusion Cultural traits spread across group
boundaries due to cultural transmission

Cultural selection

Content bias Preferentially adopting traits based on
their intrinsic attractiveness (i.e., those
that present strong emotional reactions)

Model-based bias Preferentially adopting traits based on
the characteristics of the model (person)
(i.e., his/her prestige, age, or similarity)

Conformity bias Preferentially adopting a trait based on
its frequency (i.e., its popularity)

Cultural drift

Random changes in cultural trait frequencies

Transmission

Pathway

• Vertical Transmission from the biological parents
(uniparental or biparental)

• Oblique Transmission from unrelated members
of the parental generation

• Horizontal Transmission from unrelated members
of the same generation

Scope

• One-to-one Face-to-face learning from one individual
to another

• One-to-many One individual influences many individuals
through mass education or mass media

• Many-to-onea One individual is chosen to be taught by
many experienced individuals

Mechanism

• Blending Adoption of the “average” of a continuous
trait from more than one model

• Particulate All-or-nothing transmission of discrete
cultural traits

aMesoudi [9] does not consider this transmission scope. Other researchers,
such as Hewlett and Cavalli-Sforza [27], acknowledge the importance of the
many-to-one scope
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decrease the fitness of the population, as in a case that
leads to death, the local people will detect that the treat-
ment information may not be useful and should be aban-
doned, even if the information is never perceived as the
result of transmission errors. Thus, depending on the ef-
fect on the population’s fitness, this “erroneous” informa-
tion can be eliminated, even if it is never perceived as the
result of transmission errors. Relative to non-serious
diseases, serious diseases often have fewer distinct medi-
cinal plants that can be used for their treatments [7, 41],
which may be due to the rapid elimination of variations in
random treatment information when the threat to life is
higher. For non-serious diseases, the errors may remain
unidentified as errors because they have little impact on
the population’s fitness. However, these explanations are
mere assumptions because these ethnobiological studies
do not focus on explaining the observed patterns within
the cultural evolution framework. It is possible that these
results simply show that fewer remedies are effective
against serious diseases or that the frequency of the
disease enables more experimental attempts with new
medicinal plants, which increases the plant repertoire
for frequent diseases. This observation highlights an
adaptive characteristic in the local medical system.
Thus, we must emphasize the importance of pursuing a
more thorough analysis of these observations.
Migration is another source of cultural trait variations

because it increases the trait variability within a culture
by introducing new information [9, 13]. In CE, migration
refers to both the migration of an individual who carries
information from one place to another (i.e., demic dif-
fusion) and the migration of the information itself
(i.e., cultural diffusion) through other transmission
pathways, such as books, radio, television, and the
internet [9] (Table 3). Ethnobiological research con-
tains numerous examples of cultural demic diffusion.
These examples show that people carry with them the
knowledge of their place of origin after migration and
can exchange this information with people at the new
site, adopt novel knowledge, and create variation [48–51].
However, cultural differences can block the exchange of
information, thereby preventing the increase in cultural
variation [52, 53].
One example of a migration-associated variation is the

introduction of an exotic species into a local pharmaco-
peia. By demic diffusion, a person migrates and carries a
plant with him; by cultural diffusion, the person sees infor-
mation about the plant on television or in a magazine and
acquires it at a local market. Albuquerque [54] suggests
that this introduction may involve the need to fill the
treatment gaps that are left open by the native species.
Therefore, a possible interpretation in CE is that migration
creates variation, which fills the local cultural domains
that were previously left open, or introduces variants that

increase the local population’s fitness, which favors the
fixation and spread of these new traits over time.
Another example of cultural migration that is widely

studied in ethnobiology is the introduction of western
medical systems, (i.e., healthcare centers where indus-
trial drugs are available) into a local medical system
that is based on medicinal plants and has different defi-
nitions of illnesses. Several studies have suggested that
the presence of western medicine (information that mi-
grates into the community) has a negative impact on
preexisting medicinal information [55, 56]. However,
these studies do not regard the evolutionary perspec-
tive, which might contribute to the interpretation of
data. For example, if these drugs present an advantage
to the population (i.e., by increasing its cultural or bio-
logical fitness) and if they are compatible with the pre-
existing system, they can coexist with the local medical
system (see medical pluralism in [57, 58]). Other ethno-
biological studies have introduced various new issues
related to migration, though they have not originally
approached the evolutionary issue (Table 4).

Cultural selection and cultural drift: competition and
chance among cultural traits
In addition to information variation, processes that favor
the most beneficial traits within a range of diverse traits
are necessary for culture to be adaptive (see [17]). Math-
ematical models indicate that the transmission of cul-
tural traits must be selective. Otherwise, the added
evolutionary benefit of a cultural system compared to an
individual learning system would not be guaranteed [16].
In the aforementioned example of resource redundancy,
some resources within a range of redundant but useful
resources may be preferred over others [7, 40, 42, 44, 59].
From a CE perspective, this preference reflects the compe-
tition for expression; a preferred cultural trait is simply a
more attractive trait in a given social-ecological system.
When an individual indicates his preference for one useful
species over another, it is because the information regard-
ing this species is more competitively expressed than the
information regarding the other species with the same
function (redundant). The competition for expression will
result in cultural selection, which results from biases in
the memorization and copying of specific cultural traits.
Several types of biases have been described [9, 12, 39],

and we can categorize them as content and context
biases. Content biases consider the intrinsic attractive-
ness of a trait, which is usually predetermined by bio-
logical or prior cultural evolution [9, 13]. Context biases
indicate that the copying of specific cultural traits depends
on the learning environment, the learner’s condition/life
experiences (i.e., the frequency of the trait in a popu-
lation), or the success of the individual (model) who
possesses the trait (i.e., success bias) [9, 39].
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The ways in which content biases influence the dy-
namics of cultural traits in a population can be charac-
terized by the intrinsic preferences of different groups
when copying information, such as the preference for
transmitting social information versus non-social infor-
mation [60], the preference for transmitting information
that evokes feelings of disgust [61], or the adaptive
memory that forms when information is memorized
[62, 63]. Adaptive memory is a form of memory that
has evolved to help individuals remember useful and
relevant information during decision-making processes,
where information that is more advantageous in terms of
adaptation is more easily memorized and recalled. The
concept of adaptive memory is extremely relevant to EE
research [2], and it describes why some traits become
fixed in a population rather than others. However, dif-
ferential fitness can vary between individuals or human
groups, and a trait that appears more advantageous for
one person or group is not necessarily adaptive in the
cultural context for another person or group.
To explain content biases (i.e., the attractiveness of a

cultural trait), Mesoudi [9] draws attention to what
Rogers [64] calls “attributes of innovations and their
rate of adoption.” According to Rogers [64], an innovation
will be adopted if it is advantageous over other informa-
tion, if it is compatible with the preexisting system, and if
it is testable and observable to others. In ethnobiological
studies, we can observe several characteristics of attractive
cultural traits that focus on the drivers of preferences for
information regarding useful plants. For example, an in-
vestigation of medicinal plant preferences by Ferreira
Júnior et al. [42] shows that the preferred plant is the
more effective one, which has an advantage over the
less effective alternative. Santoro et al. [7] have supple-
mented these data with their observations that in the
absence of the preferred medicinal species, the second-
and third-ranked preferences are other medicinal plants,
even when other remedy types for treatments exist, such
as industrial drugs; this shows that biomedical information
can be incompatible with medical systems and is less pre-
ferred. In a study of plants used for fuel, Ramos et al. [65]
found that people may share more information regarding
the plants with higher heating values (i.e., a higher number
of transference events) than the plants with lower heating
values (i.e., with low efficiencies of heat production).
These studies do not address preferences in the con-

text of cultural evolution, and we can only assume that
the preference characteristics indicate content biases. An
important question that arises from these results is
whether people are aware of their preference choices.
For example, in a study of plants used for food, Henrich
and Henrich [66] observe that pregnant women avoid
dangerous fish, which can cause miscarriages, without
explicitly understanding this link. They simply copy the

information from other people (i.e., models, who are
usually family members or experts) without understand-
ing the reason for specifically avoiding the food. In this
case, the copying behavior is not guided by content bias;
it is guided by context. The reproductive state of the preg-
nant woman can be the context that biases the copying of
information [39], but it is evident in this study that the
context bias is model-based and dependent on the people
who possess the information.
Some studies have shown that information transmis-

sion depends on models with high expertise [36, 67].
The selection of the model to be copied usually occurs
before the content of the information and its advantages
and disadvantages are known [9]. In these cases, copying
information from people with expertise in a particular
field can be adaptive because expertise indicates that the
person is a specialist or possesses great knowledge on
the subject. For example, in a society that is sustained by
hunting, the best way to learn about hunting is by copy-
ing the actions of the hunters with the most knowledge
because they can direct the best strategies to guarantee
successful hunting. However, the information source is
often unrelated to the information that is copied. People
may perceive a person’s success in a specific field and
begin copying cultural traits from this person that are
associated with other fields through an associative
process [36]. For example, people who accumulate high
expertise in a community by being good fishermen may
be copied in other domains of knowledge, such as crop
cultivation (see [36]).
Model-based context is not always guided by expertise;

it can be age-based (preference for copying people of a
specific age), gender-based (preference for copying women
or men), kin-based (preference for copying family mem-
bers), and so on (see [39]). In the context of medicinal
plant information, ethnobiological studies have shown that
people mostly acquire knowledge at home with their
parents [5, 6, 68–70], which may indicate the importance
of the kin-based model bias in local medical systems.
Additionally, the ethnobiological literature is replete
with examples that show differences in the local eco-
logical knowledge between people of different ages
(where older people have more knowledge than youn-
ger people) [71, 72], education level (where a high educa-
tion level is associated with less ecological knowledge)
[73] and gender (where women have more knowledge on
specific cultural contexts while men have it on others)
[73–78]. These parameters can also be used to verify a
group’s tendency to use models from a particular gender,
age, or educational level for copying information. Table 4
presents several possible questions that arise from these
studies. For example, Pfeiffer and Butz [79] suggest that
when knowledge differences exist between genders, the
knowledge variations can be strongly influenced by
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transmission of the knowledge between the genders
and by gender-based differences in the social network,
which can be explained by the model-based bias of
gender dependence.
When there is no clear incentive toward or advantage to

copy one trait or one good model over another, people
tend to copy information that is shared by the majority of
people in a population [13, 80–82]. This tendency is called
frequency-dependent or conformity bias [9, 13] and as-
sumes that if a person does not know how to behave, it is
more advantageous to behave in a similar manner as the
majority. For example, an individual may prefer to copy a
more common house structure when building a house in
a rural community because he does not know the most ef-
fective of all the available possibilities. Here, he can see
that a relatively large number of successfully built houses
in this rural community indicate that the probability that
this particular house structure will fall is low. Conformity
bias can be observed when the copy frequency of the
majority exceeds what is probabilistically expected by ran-
domly copying the behavior [13]. The opposite of this ten-
dency is anti-conformity, when people prioritize copying
the least disseminated cultural trait in a population.
It is important to note that the fixation, extinction, or

variation in the frequency of cultural traits can occur both
by competition and selection of traits and by chance, in a
process known as cultural drift, which is analogous to
genetic drift. These traits can be introduced into a popula-
tion by random variation, guided variation, or migration;
they do not undergo any form of selection, but they vary
widely in frequency, which results in their fixation or
elimination [9]. Like genetic drift, cultural drift is a more
important process in smaller populations because
chance-sampling accidents are more probable. How-
ever, the occurrence of cultural drift in human groups
appears unlikely because many cultural trait variation
dynamics are guided, and there are several cognitive
and psychological biases that influence the choices that
are made at the time of transmission; however, some
studies have shown that several cultural traits are ran-
domly distributed within populations [83, 84].

Heredity in cultural evolution: the transmission of cultural
traits
Cultural transmission may be the main microevolutionary
process of interest in ethnobiology (i.e., [5, 6, 56, 69, 70]).
However, these studies present different viewpoints re-
garding teaching and learning, which specifically result in
methodological and analytical differences.
Several studies have characterized learning as a com-

plex process in which individuals become competent at
a given cultural skill. For example, Bock [85] observes
that the development of competency for a specific task
occurs from an energy investment trade-off between

the development of body characteristics and the invest-
ment in learning experiences. This perspective is similar
to the learning model that is proposed by Ruddle and
Chesterfield [86], which describes that the learning of a
complex skill occurs through a sequence of different tasks,
which begin with the simple tasks that are mediated by
trial-and-error events. Other studies have analyzed
learning as the result of specific events of information
transference (see [5, 69]). For example, Soldati et al. [6]
have investigated whether learning strategies are influ-
enced by the characteristics of the environment where
people live; they address the initial assumption that
learning occurs during specific events over the informants’
lifetimes, and they have quantified this information.
Because CE is an approach that originates from

mathematical models of population genetics and epi-
demiology (see [9, 22]), it emphasizes the importance of
the frequency of information within a population. There-
fore, CE indicates that the specific acquisition of infor-
mation (cultural traits) should be prioritized over the
process of becoming more proficient in a given skill.
These broad-level transmission pathways are easier to
model than skill proficiency, and CE favors the construc-
tion of testable models and hypotheses regarding cul-
tural transmission.
As previously mentioned, parent-to-offspring cultural

transmission may not always occur. Mesoudi [9] has
subdivided cultural transmission into the following three
distinct pathways: (1) from the parents to the offspring
(vertical), (2) between unrelated members of the same
generation (horizontal), and (3) between unrelated mem-
bers of different generations (oblique). The scopes of the
distinct transmission pathways are related to their pos-
sible spread. For example, the horizontal and oblique
pathways have a higher scope than the vertical pathway
because they allow the transmission of traits between
all individuals of the same generation or of different
generations [9]. Hewlett and Cavalli-Sforza [27] have
subdivided these pathways into the following two types:
“one-to-many” and “many-to-one.” In “one-to-many”
transmission, traits are transmitted from a model, such
as a teacher, leader, or the media (television or radio),
to multiple individuals in one group, who are usually
students or apprentices. In “many-to-one” transmission,
the typically older members of the social group teach
one selected individual. However, the scope of vertical
transmission is limited to the number of offspring of a
given parent [13] and can often be “one-to-one” trans-
mission (Table 3).
Ethnobiological studies have found that the cultural

traits of medical systems are mainly transmitted through
vertical transmission [5, 6, 68–70]. This form of trans-
mission suggests that plant medicinal resource informa-
tion varies little over time. Vertical transmission is
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typically more conserved because transmission from par-
ents to offspring only results in the accumulation of
changes from one generation to the next. However, the
horizontal and oblique pathways have wider scopes and
can promote quick changes, which are often observed in
the cultural trait changes that result from knowledge
transmission from the media.
The method that is used to collect the data regarding

an information transmission pathway should be chosen
carefully. For example, people tend to overestimate their
learning from parents when simply asked about who
taught them about medicinal plants [70, 87–89]. Several
studies of vertical transmission have suggested that al-
though the information may have been perfected through
horizontal or oblique pathways during the informants’ life-
times (an essential process in the dynamics of local know-
ledge), the informants may have only referred to their first
contact with the medicines, which often occurred during
childhood [36].
In addition to the transmission pathway and scope, an

important aspect of the study of cultural transmission
within a CE framework is the transmission mechanism.
According to Mesoudi [9], cultural traits can be trans-
mitted through a particulate mechanism, where a trait is
transmitted completely from one person to another, or
through blending, where one individual can simultan-
eously adopt different proportions of two competing
traits (Table 3). The particulate mechanism resembles
what occurs with gene transmission, where information
is transmitted by discrete units. One example is the in-
formation that plant X can be used as fuel for fire pits.
People can faithfully transmit this information to one
another without interference from another source. The
approach of discrete units of cultural information has
been widely used in memetics [10], where cultural evolu-
tion can be viewed through a neo-Darwinian perspective.
The blending mechanism can be better understood by

considering the transformative process through which
cultural information is transmitted; the transmission re-
flects a variation gradient, whereby each trait can be
expressed to a varying degree. Transmission by blending
is similar to the transmission that occurs for phenotypic
variations, in that intermediate phenotypes result from
the partial dominance of one gene or the co-dominance
of two genes [90]. People usually blend cultural informa-
tion from various sources before they transmit it to
other people. An example of cultural transmission by
blending is the belief system of an indigenous group
after being colonized and its subsequent acquisition of
information regarding Christianity, which resulted in a
generation of new religious doctrines through the blend-
ing of original indigenous beliefs with Christian dogmas.
Nevertheless, we believe that even continuous variation
that is caused by blended transmission can be analyzed

as discrete units in specific cases. For example, the
blending of indigenous and Christian beliefs can be
studied as a particulate mechanism; people can adopt a
set of binary traits from the Christian belief system and
maintain the indigenous beliefs for other traits. This
phenomenon is frequently observed with syncretism.
Furthermore, for the statistical analysis, it is helpful to
divide a continuous variation into discrete categories
(i.e., divide the continuous scale into “high,” “medium,”
and “low”), but whether the loss of information is worth
the advantage of analyzing discrete data remains unclear.
Nevertheless, it is necessary to collect large amounts of
continuous data to observe this type of blending as a
particulate mechanism.
This article is not intended to deepen the polemic be-

tween the vision of cultural transmission as a preserva-
tive mechanism, where discrete traits are transmitted
with high fidelity and the vision that information is re-
constructed each time; it is transmitted as a result of
blending (for this discussion, see [14]). However, we
must clarify that we do not favor the neo-Darwinian per-
spective in the understanding of cultural evolution; we
prefer the Darwinian perspective. Therefore, a cultural
trait (discrete or not) is one aspect of the human pheno-
type and is the basis for the analysis of human evolution
(see [18]). However, evolution occurs at the level of the
organism and is not based on the replicator, whether it
is a gene or a cultural trait. Thus, ethnobiological stud-
ies usually focus on particulate transmission because it
is often difficult, if not impossible, to collect and
analyze large amounts of continuous data, such as that
for traits that are transmitted by blending. A well-
studied example is the particulate transmission of
discrete “plant-therapeutic treatment” traits in the
studies of medicinal plants.

Maladapted cultural traits
Multiple microevolutionary processes may lead to a dis-
semination of traits that are not necessarily advanta-
geous. The existence of maladapted cultural traits goes
against what is expected of human fitness (i.e., these cul-
tural traits do not positively contribute from an adaptive
point of view and should, therefore, be eliminated during
the selection process) [13]; however, they tend to remain
in human populations. For example, in the context of
medical systems, Tanaka et al. [31] argue that the treat-
ments that are disseminated in a human population are
not always the most effective. These ineffective and un-
safe traditional drugs, which are likely to be transmitted,
can be considered maladapted cultural traits. Why do
maladapted cultural traits arise become established and
undergo transmission?
According to CE, maladapted cultural traits arise as a

collateral effect of information transmission strategies
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that allow individuals to obtain lower-cost adaptive in-
formation [91]. Thus, maladaptation results from evolu-
tionary trade-offs by offering the possibility for individuals
of a human population to cheaply and rapidly acquire
adaptive cultural information, while simultaneously allow-
ing the establishment and propagation of variants that fail
to increase fitness [13].
Therefore, people may acquire any common behavior

as long as it does not clearly conflict with their personal
inferences. If there are cognitive or social processes that
make maladapted information common (such as con-
formity bias and cultural drift) and if that information is
not overtly false or damaging, people will copy it [19].
Therefore, the studies that focus only on a system’s
adaptive characteristics will fail to understand the real
nature of human behavior [13]. If all cultural traits are
adaptive, why do traits that do not add to the genetic fit-
ness of human populations remain? This question
should be the subject of future studies on the use of
natural resources by human populations.

Conclusions
In this article, we discuss the potential of CE to supply
a theoretical and explanatory framework to better
understand the evolutionary processes that affect
social-ecological systems, and this approach may help
to predict their behavior over time. Table 4 summa-
rizes several processes and factors that may affect
social-ecological systems, as well as the possible con-
tributions of CE to these discussions in EE. This sum-
mary highlights future research opportunities toward
understanding how social-ecological systems evolve;
additionally, this research may contribute to the growth of
ethnobiology as a science. Finally, these studies on social-
ecological systems may generate new insights into the
processes of cultural evolution by serving as empirical
evidence of CE.
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