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THE SECOND INHERITANCE: CULTURAL EVOLUTION

José de J. Zazueta-Algara.

Abstract

Social learning allows individuals to acquire information from others, facilitating the
spread of behaviors that can form stable traditions and animal cultures. This review
examines the mechanisms and evolutionary consequences of cultural transmission in
non-human animals, focusing primarily on primates, cetaceans, and birds. We analyze
evidence across diverse biological contexts, including foraging strategies in orcas,
migratory routes in cranes and whales, and vocal learning in songbirds and parrots.
These examples demonstrate that behaviors previously attributed solely to instinct are
often shaped by social inheritance. Furthermore, we explore how cultural evolution
interacts with genetic evolution. Case studies, such as genomic adaptations in distinct
orca ecotypes and accelerated speciation rates in vocal-learning bird lineages, suggest
that culture can act as a selective pressure driving morphological and genetic divergence.
We conclude that cultural transmission constitutes a secondary inheritance system
complementary to genetics. Recognizing this dual inheritance model is essential for a
comprehensive understanding of animal behavior, adaptation, and speciation.

Keywords: Animal culture, cultural evolution, cultural transmission, non-genetic

inheritance, gene-culture coevolution, social learning.

Resumen

El aprendizaje social permite a los individuos adquirir informacion de otros, lo que
facilita la propagacion de comportamientos que pueden formar tradiciones estables y
culturas animales. Esta revisiébn examina los mecanismos y las consecuencias evolutivas

de la transmisién cultural en animales no humanos, con énfasis en primates, cetaceos y
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aves. Analizamos evidencia en diversos contextos bioldgicos, incluidas las estrategias
de forrajeo en orcas, las rutas migratorias de grullas y ballenas y el aprendizaje vocal en
aves cantoras y loros. Estos ejemplos demuestran que comportamientos previamente
atribuidos unicamente al instinto con frecuencia se moldean por la herencia social.
Ademas, exploramos como la evolucion cultural interactua con la evolucion genética.
Estudios de caso, como las adaptaciones genomicas en distintos ecotipos de orcas y las
tasas de especiacion aceleradas en linajes de aves con aprendizaje vocal, sugieren que
la cultura puede actuar como una presion selectiva que impulsa la divergencia
morfolégica y genética. Concluimos que la transmision cultural constituye un sistema de
herencia secundario complementario a la genética. Reconocer este modelo de herencia
dual es esencial para una comprension integral del comportamiento animal, la adaptacion

y la especiacion.

Palabras clave: Aprendizaje social, coevoluciéon gen-cultura, cultura animal, evolucion

cultural, herencia no genética, transmision cultural.

Introduction

Social learning is a process in which individuals learn from the actions and
consequences of others (Heyes, 1994) and transmit behaviors across individuals,
populations, and even generations (Heyes & Galef, 1996). This allows organisms to
expand their behavioral repertoire by introducing new information (Dukas, 2013), helping
them adapt to local environmental conditions (Snell-Rood, 2013). By sharing information
and skills, social learning enables individuals to draw on others' prior experiences to
improve their biological fitness (Slagsvold & Wiebe, 2011). This contrasts with individual
learning, which relies on personal trial and error (Whiten, 2019). Studies suggest that
innovations, such as specific whale songs (Garland et al., 2011) or foraging techniques
in primates, birds, and cetaceans (Kawai, 1965; Allen et al., 2013; Aplin et al., 2014) can
spread rapidly through populations. Furthermore, sharing this information over long
periods may lead to the formation of animal culture (Laland & Hoppitt, 2003; Whiten, 2011;
Aplin, 2016), which acts as an inheritance system complementary to genetics (Whiten,
2005, 2017a; Mesoudi, 2015).
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But how is culture defined? Some authors define it simply as the existence of a
tradition, while others describe culture as socially transmitted information, whether it be
beliefs, skills, thoughts, or knowledge (Mesoudi, 2015; Whiten, 2019). However,
Mundinger (1980) proposed a consensus definition based on definitions used in various
disciplines: “culture is a set of populations that, through learning, are replicated generation
after generation: an open population of functionally related, shared and imitable
behavioral patterns (and any material products), and, simultaneously, a closed population
of acquired neural codes for these behaviors.” In this definition, the concept of population
follows the framework suggested by White (1959) regarding non-genetic inheritance.
Therefore, it refers not to groups of living organisms but rather to a population of ideas or
neural codes, and the associated motor patterns that operate as behavioral models
(Mundinger, 1980). In addition, Mundinger (1980) proposed a specific definition for
tradition: “a tradition is a complex of learned behaviors shared by individuals within a
population of organisms, appearing and persisting in their behavioral repertoire

generation after generation”.

Therefore, "cultural transmission" can be defined as the various social learning
processes through which individuals acquire traditions. These traditions can be highly
stable; for instance, Pipek et al. (2016) suggest that the Yellowhammer (Emberiza
citrinella) -a bird- has maintained its song for centuries. Similarly, Haslam et al. (2009)
highlight a behavior in chimpanzees that has persisted for thousands of years: the use of
stone tools. However, if an individual modifies a behavior while learning it, and these
changes are subsequently passed on to others via cultural transmission, a second form

of evolution can emerge (Whiten, 2019).

Cultural evolution can be categorized into two main processes: -cultural
evolutionary drift and Darwinian cultural evolution (Whiten, 2019). Cultural evolutionary
drift is analogous to genetic drift in organic evolution, involving changes that are
selectively neutral (Futuyma, 2013). Conversely, some culturally transmitted behaviors
may be subject to selection, adapting to specific selective pressures; this process
corresponds to Darwinian cultural evolution (Boyd & Richerson, 1985; Mesoudi et al.,

2006). Darwinian cultural evolution can stabilize beneficial traits or be directional, actively
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driving evolutionary change. These changes may accumulate or disappear over long
periods, potentially increasing the complexity and efficiency of the behaviors involved
(Whiten, 2019). Therefore, cultures are not static; their components can change over
time, altering their form, function, or frequency. Notably, this wide range of cultural
practices can significantly influence the life, survival, and biological fitness of organisms
(Galef & Whiten, 2017; Whiten, 2017b).

It is widely established that cultural transmission and social learning occur across
a diverse array of behaviors and animal species, spanning from insects and birds to
mammals (Mundinger, 1980; Heyes, 2012; Aplin, 2016; Whiten, 2019). However, given
the volume of existing evidence, three primary groups have emerged as the focus of
animal culture research: primates (Whiten, 2017c), cetaceans (Rendell & Whitehead,
2001), and birds (Podos & Warren, 2007). In the following sections, we will examine
specific taxa for which social learning and cultural inheritance have been suggested, as
well as the specific contexts in which these inherited behaviors occur.

Cultural inheritance across diverse contexts and species

As previously noted, social learning is widespread across various taxa of the
animal kingdom and occurs in a variety of contexts. In primates, examples include tool
use and grooming practices (Biro et al., 2003; Whiten et al., 1999), while in whales, there
is evidence of migratory routes learning (Baker et al., 1990; Valenzuela et al., 2009).
Similarly, birds exhibit behaviors such as predator recognition (Curio et al., 1978),
courtship (White, 2004), and foraging (Norton-Griffiths, 1967).

Foraging

Orcas (Orcinus orca), also known as killer whales, have a wide distribution range,
extending from the Antarctic to the Arctic, and a diet that includes birds, fish, mammals,
and reptiles. However, they form groups or "ecotypes" with specialized diets and distinct
hunting traditions (Beans, 2017). Some groups specialize in salmon, others in mammals,
and others in penguins. Furthermore, even among groups that feed on seals, hunting
practices differ significantly: some generate waves to wash seals off ice floes, whereas
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others intentionally beach themselves to grab seals and drag them back into the water
(Foote et al., 2016).

Riesch et al. (2012) present an example of cultural limitation in orcas; they describe
three orcas from a mammal-eating specialist group that, after being captured and held in
captivity, refused fish when offered as food. However, this fish was known to be nutritious
for the species, as it constitutes the primary food source for other orca populations.
Because of refusing the fish, one individual died of starvation. In contrast, within just 24
hours, the other two individuals adapted to the established culture of the group into which
they were integrated and began feeding on fish. This suggests that culture can drastically

influence orca behavior, potentially leading to disastrous consequences.
Migration

Both birds and cetaceans are taxonomic groups well known for their migratory
behaviors. Among birds, approximately 2,000 species are migratory, and for some,
evidence suggests that migratory routes may be transmitted via social learning. For
instance, in the Great Bustard (Ofis tarda), one of the heaviest flying birds, research
indicates that juveniles undertake their first migration (and occasionally subsequent ones)
alongside their parents or members of their local community. They subsequently follow
the routes acquired during these initial journeys (Palacin et al., 2011). Such findings
suggest that collective migration provides evidence that these acquired routes are

culturally transmitted.

Further evidence supporting the social learning of migratory routes comes from
experimental studies. For example, Sladen et al. (2002) successfully taught a migratory
route to Canada Geese (Branta canadensis) by leading them with an ultralight aircraft.
Remarkably, 83% of these birds returned independently to the training site the following
spring, whereas individuals transported by ground in enclosed trucks failed to return.
Similar results were reported by Lishman et al. (1997), who used the same method to
teach a migratory route to Sandhill Cranes (Grus canadensis); the majority of these birds
also successfully returned to their training grounds.
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Mueller et al. (2013) offer another example involving the Whooping Crane (Grus
americana). Their results suggest that young birds learning migratory routes by flying with
"expert" individuals deviate 34% less from the route than juveniles that do not travel with
such guides. These findings indicate that migratory skills in this species develop over
several years and that cultural transmission via experienced birds yields progressive

improvements in the migratory performance of younger individuals.

Similarly, evidence supports the social learning of migratory routes in cetaceans.
These highly conserved movements between breeding and feeding grounds are typically
transmitted from mother to calves. Such migratory behaviors have been documented in
Southern Right Whales (Eubalaena australis, Valenzuela et al., 2009), Humpback Whales
(Megaptera novaeangliae, Whitehead, 2010), and Belugas (Delphinapterus leucas,
Colbeck et al., 2013). This transmission of information is critical, as locating novel feeding
and breeding grounds without prior knowledge can be extremely costly and lead to high
mortality rates (Whitehead, 2007, 2010). Conversely, these ingrained traditions may
prevent whales from exploring new areas in response to habitat degradation caused by
climate change. This cultural conservatism can lead to maladaptive behavioral choices
within their established ranges, potentially driving populations toward collapse
(Whitehead & Richerson, 2009).

Vocalization

Bird songs are often used for mate identification as well as for territorial defense
(Searcy & Andersson, 1986). In birds of the suborder Passeri (songbirds), vocal
development is influenced by imitative learning, allowing for wide variation in learning
patterns (Beecher & Brenowitz, 2005). One of the primary advantages of song learning
may be the formation of dialects, which has been suggested to promote genetic
adaptation to local environmental conditions (Nottebohm, 1972). Nottebohm (1972)
proposes that males learn the dialect of their natal area because local females develop a
preference for these dialects; consequently, females select males capable of singing the
local dialect.

Female preference for more elaborate songs is another proposed advantage,

driving males to incorporate acoustic elements from other individuals into their vocal
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repertoire. For instance, in Zebra Finches (Taeniopygia guttata), it has been suggested
that female preference for complex songs correlates with higher male quality (Woodgate
et al., 2012).

Humpback Whales (Megaptera novaeangliae) learn their vocalizations, which are
often highly elaborate. Much like bird songs, these calls have been suggested to serve
the functions of attracting mates and repelling rivals (Tyack, 1981). In contrast, Bottlenose
Dolphins (Tursiops truncatus) possess simple, yet unique vocalizations known as
“signature whistles.” These are typically emitted when individuals become separated from
close group members, suggesting they facilitate social cohesion by enabling the
identification and localization of distant individuals (Caldwell & Caldwell, 1965; Janik &
Slater, 1998; King & Janik, 2013).

Strikingly, a similar strategy is found in some parrots. These birds also utilize short,
simple, yet individual-specific vocalizations to promote social cohesion, serving primarily
to attract individuals to foraging flocks and to identify mates (Balsby & Adams, 2011; Berg
et al., 2011; Farabaugh et al., 1994). Some parrots, such as the Australian Cockatoo
(Cacatua galerita), modify their contact calls to match diverse groups, suggesting an
advantage in mediating the fission-fusion dynamics characteristic of many parrot species
(Scarl & Bradbury, 2009).

Primates

Primates have been extensively studied in both field and laboratory settings,
providing comprehensive evidence of their culture and behaviors. Consequently, more
than 39 traditions have been identified in Chimpanzees (Pan troglodytes) across Africa,
ranging from foraging techniques and tool use to social behaviors and sexual habits
(Whiten et al., 1999). A wide variety of traditions has also been reported for other
primates, including 24 for Orangutans (genus Pongo; van Schaik et al., 2003) and 22 for
gorillas (genus Gorilla; Robbins et al., 2016).

Chimpanzees demonstrate distinct preferences in nut-cracking tools; some
populations prefer wooden tools, while others utilize stone tools (Luncz & Boesch, 2014).
Furthermore, archaeological excavations have revealed that this behaviour dates back at
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least 4,300 years, indicating that this tradition has persisted for a significant period
(Mercader et al., 2007).

Additionally, McGrew and Tutin (1978) reported the first social custom observed in
a non-human animal: the "grooming handclasp". This behavior is performed exclusively
by a chimpanzee population in a national park in Tanzania, and was not observed even

in a nearby group inhabiting a different national park within the same country.
Can cultural inheritance drive genetic divergence?

Currently, animal populations are recognized as possessing two distinct streams
of information: genetic and cultural. Cultural information is inherited as individuals learn
behaviors from mothers, fathers, mates, or unrelated individuals. But how do these two
information streams interact? A prominent example in humans is the production of lactase
in adulthood within European populations. This trait co-evolved with the cultural practice
of dairy farming, selecting individuals with the LP allele, which allows for the continuous
production of the enzyme throughout adult life (Itan et al., 2009).

Furthermore, current research suggests that culture can directly influence trait
evolution and the divergence of populations toward speciation. Just as variations in
morphological traits allow some individuals to survive or reproduce more effectively than
others, cultural innovations — such as tools or predator avoidance tactics — can also
enhance an individual's survival and reproductive success (Beans, 2017). Consequently,
culture can drive selection for adapted morphology to these behaviors, such as arms
better suited for tool manipulation, or selection for cognitive traits, like the ability to acquire
tool use through imitation (Galef & Whiten, 2017).

Although obtaining evidence for these phenomena is challenging, the research on
orcas provides substantial support for this theory of cultural selection. Foote et al. (2016)
examined the genomic consequences of specialized hunting cultures in 48 orcas across
five distinct ecotypes. They aimed to determine if these groups were truly isolated and if
their cultures were linked to unique genomic changes. The results revealed genetically
distinct groups, even among those inhabiting the same geographic areas with overlapping
distribution ranges. Furthermore, they identified genetic variants associated with
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adaptations to the specific hunting traditions of each ecotype. For instance, mammal-
eating ecotypes were associated with variants in the metabolism of the methionine-
regulating gene, an essential amino acid found in high concentrations in their prey.
Conversely, groups inhabiting the extreme cold of the Antarctic showed variants in genes
related to adipose tissue development, providing necessary thermal protection. Despite
these significant findings, the authors note that not all groups will necessarily diverge into
separate species, suggesting that full speciation has not occurred in the past, given that

their common ancestor is relatively recent.

Further evidence can be found in bird songs, which are innate in some species but
require social learning in others. In both cases, the song evolves over time and across
generations. Mason et al. (2017) suggest that culture plays a crucial role in this
evolutionary process. They analyzed the songs of nearly 600 bird species from two
families: Thraupidae (Tanagers), which learn their songs, and Furnariidae (Ovenbirds),
which possess innate vocalizations. The researchers estimated how quickly songs
evolved within different branches of the family tree; high rates of evolution were inferred
where songs differed significantly between closely related species. Subsequently, they
combined this acoustic dataset with genetic data indicating speciation rates to identify
relationships between acoustic change and species divergence. When the rate of song
evolution increased in a phylogenetic branch, the rate of speciation also increased.
Notably, songs evolved 1.4 times faster in Thraupidae — the song-learning family —
compared to Furnariidae, which relies on innate vocalizations. The authors suggest that
while song may diverge before the species in some instances, and vice versa in others,
a clear pattern emerges: the faster the song evolves, the faster the species diverges. This
leads to the conclusion that rapid song evolution — facilitated by cultural transmission —
can contribute to speciation.

Conclusions

The discussion of the existence of culture in non-human animals dates to the
1950s, yet lacks the attention it merits, and few studies attempt to link the influence of
cultural phenomena to genetic, morphological, and even ecological research.
Nevertheless, the studies reviewed in this article highlight the importance of social
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learning and culture in behaviors previously attributed to the simplest explanation: instinct.
Key examples include the learning of migratory routes in birds and cetaceans, and
individual recognition in dolphins and parrots.

On the other hand, few studies conclusively demonstrate genetic, morphological,
or ecological changes resulting from cultural evolution. Even in humans — the most
studied species — examples remain scarce, with lactase persistence in European
populations standing out as a classic case. Consequently, a primary objective for
researchers should be to determine whether cultural evolution influences the genetic,
morphological, and perhaps ecological variations observed across taxa.

In an era of accelerated scientific discovery, we can no longer afford to ignore
cultural evolution as a potential explanation for these phenomena. It must be recognized
that, alongside genetics, a secondary form of inheritance plays a substantial role in the

lives of many organisms: cultural inheritance.
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