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Sperm whale society is structured into clans that are primarily
distinguished by vocal dialects, which may be symbolic
markers of clan identity. However, clans also differ in non-
vocal behaviour. These distinctive behaviours, as well as clan
membership itself, are learned socially, largely within
matrilines. The clans can contain thousands of whales and
span thousands of kilometres. Two or more clans typically
use an area, but the whales only socialize with members of
their own clan. In many respects the closest parallel may be
the ethno-linguistic groups of humans. Patterns and
processes of human prehistory that may be instructive in
studying sperm whale clans include: the extreme variability
of human societies; no clear link between modes of resource
acquisition and social structure; that patterns of vocalizations
may not map well onto other behavioural distinctions; and
that interacting societies may deliberately distinguish their
behaviour (schismogenesis). Conversely, while the two
species and their societies are very different, the existence of
very large-scale social structures in both sperm whales and
humans supports some primary drivers of the phenomenon
that are common to both species (such as cognition,
cooperation, culture and mobility) and contraindicates others
(e.g. tool-making and syntactic language).
1. Introduction
We are fascinated by the history of humanity: how societies grew,
developed structure and sometimes collapsed; how these societies
interacted with the natural world and with each other; how they
developed and used technologies; how the humans within
groups of very different sizes were or were not organized; and
how, eventually, we ended up with the world around us [1–3].
In their 2021 book ‘The Dawn of Everything’, David Graeber
and David Wengrow present a ‘new history of humanity’,
making a largely convincing case that much of what we thought
we knew about the nature, dynamics and history of human
sociocultural groupings was either simplistic, badly incomplete
or wrong [4]. Some have disputed the apparent political
implications and some specific archaeological interpretations in
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‘The Dawn of Everything’ [e.g. 5] but the authors’ general picture of the complex dynamics of human
societies is convincing. Humanity’s history is very involved.

My reading of ‘The Dawn of Everything’ suggested some parallels between the structures and
dynamics of the large-scale social structures of the species with the largest brain relative to body size
(humans; Homo sapiens) and that with largest brain (sperm whales; Physeter macrocephalus) [6]. These
parallels, and their implications, are the focus of this paper.

The sperm whale is an animal of extremes [7]. It is the most phylogenetically divergent species of all
extant cetaceans (i.e. whales, dolphins and porpoises) [8]. Its large body is dominated by the largest nose
in the animal world, which contains the spermaceti organ. The spermaceti organ primarily functions as a
sonar, making clicks with the highest sound pressure level of any animal [9], allowing sperm whales to
find their deep-water prey efficiently [10]. The spermaceti organ contains a particularly fine grade of oil.
Consequently, the sperm whales were a prime target of whalers, and over a million of them were killed
across the deep oceans between 1712 and 1982 [11].

With the end of whaling, the emphasis shifted to studying the living animals, including their social
lives. Sperm whales, and in particular the females and young, are clearly very social, almost always seen
close to one another, often gathering and rolling around each other for minutes to hours at the surface,
and forming important life-long bonds [12,13]. Apparent parallels between the large-scale social
organization of humans with that of a species living in a very different habitat may help us
understand the societies of sperm whales, particularly their clans, and indicate processes of social
evolution that are not purely products of human exceptionalism.

The goals of this paper are: to summarize what is known of sperm whale clans, highlighting some
unexpected findings; to compare and contrast the clans with human ethno-linguistic groups; to
consider how new knowledge of the nature and dynamics of human ethno-linguistic groups can
provide guidance for ongoing research into sperm whale clans; and to suggest how the existence of
sperm whale clans may have implications for understanding human social evolution at the largest scales.
2. Sperm whale clans
The foundation of sperm whale society is the matrilineally based social unit of ten or so females and their
offspring. The members of the unit travel together, suckle each others’ infants, and babysit them while
mothers make long deep dives to feed [14,15]. They also defend themselves communally against their
only serious natural predator, the killer whale (Orcinus orca) [16]. In contrast to many terrestrial
mammals, intraspecific contest competition for food or space is unlikely to be significant among
sperm whales in their deep ocean habitat, so that cooperative care, communal defence against
predators and knowledge sharing seem to be the principal benefits of sociality [7]. Male sperm whales
leave their natal social units in their teens and head to higher latitudes, away from their mothers and
other female relatives who remain in warm waters [17]. This gives the sperm whale another extreme:
the greatest sexual segregation of any species.

However, when encountered at sea there are often more than 10 animals present. The units form
groups with other units for periods of hours to days [18]. The groups are not random. A social unit
has some social units that it will often group with, and others, which use the same geographical area,
with which it does not group [13,18].

When Luke Rendell and I analysed the vocalizations of social units recorded from the waters off the
Galápagos Islands we noticed an intriguing pattern. It suggested a phenomenon that has since become
the driving force behind much of our thinking about sperm whales, as well as our research at sea. The
sperm whale communicative vocalizations that we analysed are called codas. Codas are sequences of
sperm whale clicks that differ from echolocation in that they are limited temporally (usually 3–12
clicks per coda), have distinct stereotyped patterns and are made in social contexts [19]. Off the
Galápagos in the 1980s and 1990s, the coda repertoire of a unit typically was organized around either
of two alternative motifs: ‘click-click-click-click’ (Regular) or ‘click-click-{pause}-click’ (Plus-one) [20]
(figure 1). In either case an individual coda could have from 4 to 10 clicks, but for the first set of units
the clicks were regularly spaced, and for the second the last click in each coda was preceded by a
pause. So, we divided the sperm whales that we studied off the Galápagos into two vocal ‘clans’.
What were these clans?

The dialects marked social divisions. The Regular clan social units only formed groups with other
Regular social units, and the Plus-ones only with other Plus-ones, even though social units of both
clans were often in the same area [20]. Clans had different mitochondrial DNA distributions, but
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Figure 1. Identity codas (stereotypical patterns of clicks made primarily by one clan) of clans in the Atlantic and Pacific (data from
Figure 6.2 of [62], in which the codas from Atlantic and Pacific clans are combined in one analysis). Note: the identity codas of EC1
all contain five clicks and are of the form ‘click-{pause}-click-{pause}-click-click-click’.
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remarkably similar nuclear DNA [13,21,22]. This strongly suggested that a female sperm whale normally
remains in the same clan as her mother, but may mate with a male from another clan. The mature males
start making trips from their cold water habitats back to the tropics to mate when in their late 20s [17].
Presumably, then, the characteristic dialects are learned from the mother and other females in a young
sperm whale’s social unit, as well as perhaps from grouped members of other social units, which will
be of the same clan.

Primarily using the data from the two Galápagos clans, inter-clan differences appeared in a range of
metrics: in how the groups moved, in their feeding success, in their reproductive rates, in their ‘micro-’
distributions around the Galápagos Islands, and in how they arranged babysitting for their calves [23–29].
Some of these distinctions were very strong, others more subtle (table 1). As with the dialects, these
differences really had to be the result of social learning, and so forms or results of culture, with culture
defined as ‘information or behaviour acquired by social learning shared by members of a community’ [30].
This is similar to most definitions used by scientists studying non-human culture [e.g. 31,32].

Analysis of acoustic data found evidence of two or more sperm whale clans in the waters off Brazil,
Chile, Japan, Mauritius and in the eastern Caribbean [20,33–36]. The clans seemed to be a fundamental
part of sperm whale life. Because two or more clans are frequently found in the same area with basically
the same environment, and nuclear genes are well mixed between clans, culture is the only tenable
explanation for the differences between clans. This gives an advantage over studies of the cultures of
many other species in the wild, such as chimpanzees (Pan troglodytes), as sperm whale scientists are
largely spared the debates about alternative genetic or environmental drivers of behavioural
differences [37]. So, sperm whale scientists study clans to understand this extraordinary animal, and
to learn about how cultural evolution can work in non-human species.
3. Unexpected findings about sperm whale clans
As studies of sperm whale cultural clans rolled slowly in over the past 20 years, so did some unexpected
results:



Table 1. Evidence for behavioural and other differences between sperm whale clans using the same areas.

trait strength of evidence references

coda dialect excellent [20,33–36,39]

geographical extent excellent [20,29,39]

small-scale distributions (10’s km) good [25,44]

large-scale movements (days-years) good [28,29]

small-scale movements (hours) good [23,29]

feeding success good [23]

changes in feeding success with El Niño ok [23]

reproductive rates ok [24]

diving synchrony (babysitting) ok [26]

homogeneity of social relationships within social units ok [26]

duration of social relationships indication [26]

diet indication [27]
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3.1. Cultural turnover
There was a hiatus in studies of the Galápagos sperm whales from 2000 to 2012. There were few reports
of sperm whales off the Galápagos during that interval. Research resumed in 2013 and revealed quite a
surprise. There was no sign of the Regular or Plus-one clans, but two different clans were in residence: the
Short clan, members of which had occasionally used Galápagos waters in earlier years, and the Four-plus
clan, members of which we had previously found off Chile and in the central Pacific [38]. This was
perhaps comparable to returning to Montreal after a 14-year absence, finding it was still largely
bilingual, but now Spanish and Urdu had taken over from English and French! We do not know what
happened to the original Galápagos occupants.
3.2. Size of clans
Taylor Hersh led a recent collaborative analysis of sperm whale recordings from right across the Pacific
Ocean, which identified about seven clans [39]. But the Pacific contains roughly 300 000 sperm whales
[extrapolating from 11], suggesting an average of about 20 000 females per clan1. This is a huge
number for culturally defined entities outside modern human ethno-linguistic groups. It also suggests
a major exception to Zhou et al.’s [40] general rule of a factor of 3 between the numbers of individuals
in nested hierarchical levels of human social structures (e.g. military hierarchies), which also roughly
applies to baboons (Theropithecus gelada and Papio hamadryas hamadryas), elephants (Loxodonta africana)
and killer whales (Orcinus orca) [41], but perhaps not to human ethno-linguistic groups [42]. Social
units of about 10 sperm whales and groups of about 30 fit the pattern, but our next known level, the
clan, has about 20 000 sperms. Are we missing 4–5 intermediate levels of social structure, or are sperm
whale clans fundamentally different from hierarchical social levels of other social mammals?
3.3. Spatial spread and size of clans
The seven clans in Hersh et al.’s study have very different ranges. One, the Short clan, was found right
across the Pacific, from Japan to Chile (spanning about 10 000 km) whereas the Plus-one clan was only
heard off the Galápagos and mainland Ecuador (about 1000 km apart) [39]. Presumably the numerical
sizes of the clans vary accordingly, with the Plus-one clan containing considerably fewer than my
rough average of 20 000 animals (see above), and the Short clan many more.
1With an estimate of 150 000 whales in the North Pacific, which is about half the sea area of the Pacific, and half the animals being
males, we get about 150 000 females, and so an average of roughly 20 000 animals in each of seven clans. These numbers are very
approximate.
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3.4. Fundamentals of dialect distinctions: motif versus single identity coda
Each clan identified to date makes some coda patterns that are rarely heard from other clans, which we
call identity codas, and other coda patterns that are common to different clans, non-identity codas [43].
During their detailed studies of sperm whales off the island of Dominica in the Caribbean, Shane Gero
and colleagues recognized that the social units whom they knew came from two clans [33]. EC1 included
all the social units that they had documented with the exception of two social units, who were occasional
visitors to Dominica and made the quite distinct EC2 repertoire. However, unlike the Pacific clans, each of
which can make several identity codas with a varied number of clicks but with a distinctive motif—such
as the Plus-one clan with its pause before the final click of a coda, or the Palindrome clan whose codas
often sound similar when reversed—EC1 and EC2 have distinctive single identity coda patterns with a
fixed number of clicks (five) that they make much of the time: ‘click-{pause}-click-{pause}-click-click-
click’ (EC1) and ‘click-{pause}-click-{pause}-click-{pause}-click-{pause}-click’ (EC2) (figure 1) [33,39].

3.5. Clan scales and oceans
Felicia Vachon extended Gero’s research to the waters off the other islands of the Lesser Antilles, about
300 km north and south of Dominica [29]. As this span was less than the range of even the least extensive
clan in the Pacific, she expected to find the Dominica social units right along the island chain, with EC1
predominating. But it was not like that at all. The known Dominica whales were rarely found far from
Dominica, and different islands had either very predominantly EC1 or very predominantly EC2 social
units [29]. Differences in distribution between the clans could not be explained by differences in
habitat features, but rather the vicinity of clans to particular islands themselves (most likely caused by
the traditions of social units, closely linked to their clan membership) [44]. As a dramatic example, the
waters off Martinique, just 30 km from EC1-dominated Dominica, contain almost entirely EC2 social
units. The scales of movement and habitat use by the different clans are over an order of magnitude
smaller off the Lesser Antilles compared with the Pacific [29].

3.6. The strange case of EC3
During her surveys of the Caribbean, each of the social units that Vachon encountered was a member of
either the EC1 or EC2 clans, except one [29]. This unit largely made codas containing 9–11 regularly
spaced clicks, a repertoire entirely distinct from those of the EC1 and EC2 social units (figure 1). It was
encountered six times over the 2 years of surveys, always in the EC2 waters of Martinique and St Lucia,
and on one of these occasions interacted with an EC2 unit. Is this unit from an entirely different clan
(EC3?) with little aversion to EC2, or is it a vocally idiosyncratic part of EC2, or something else?

3.7. Symbolic marking
Symbolic markers denote cultural group identity to individuals inside and outside of a cultural group, and
are used to delineate social relationships [45]. In theirmapping of Pacific clans, Hersh and colleagues looked
at dialect similarities between clans [39]. They did this both for the identity codas, made primarily by just
one clan, as well as non-identity codas which are more generally shared among clans. They found that the
similarity in use of identity codas (but not non-identity codas) was lowest for pairs of clans that shared
habitat. This is what would be expected if clans that share habitat experience pressures to sharpen the
distinctions between their cultural expressions, which both modelling [45] and empirical studies of
humans [e.g. 46] show to be an expected outcome of symbolic marking of group membership.
4. Sperm whale clans and human societies: parallels and contrasts
During the discovery and investigation of the sperm whales’ clans, we considered potential models and
parallels. The rich vocal and social lives of birds have parallels in Cetacea, for instance the songs of
passerines and baleen whales [47], but we know of nothing avian much like the sperm whale clans.
Killer whales are closest, and naming the structures ‘clans’ followed the killer whale terminology [20].
But killer whale cultural groupings are either on a much smaller scale (hundreds to a few thousand
whales in each ‘community’, and even fewer in a killer whale ‘clan’), or, at the larger scale of ‘ecotypes’,
much more ecologically and genetically distinct from one another, so potential subspecies [48].
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Ethno-linguistic groups of humans (groups of individuals that share both perceived attributes and
language) are an attractive model as we consider sperm whale clans [39]. These groups are a prominent
element of human society, in particular by setting boundaries for social relationships and cooperation,
but they are not always easily defined or delineated [49]. They vary greatly in scale, covering a median
area of about 10 000 km2 (ranging between 10 and 10 000 000 km2) [49], and so spanning a median of
very approximately 100 km and up to about 2000 km. The population sizes of ethno-linguistic groups
vary from a few hundred for hunter–gatherers to millions for modern nation-based peoples.

Thus, sperm whale clans and human ethno-linguistic groups share large scales both numerically and
in geographical extent, distinctive behaviours, and social barriers. The scales are such that members of a
sperm clan or human ethno-linguistic group may never encounter most other members of the same clan/
group. However, if they did encounter them they would usually recognize such individuals as clan/
group co-members from distinctive culturally-inherited group-specific behaviour. When humans are
the comparison species, it is important to steer a path between unthinking anthropomorphism
(assigning human characteristics to non-humans) and anthropodenial (denying human properties to
other animals) [50], but fortunately in this case it seems a fairly wide path.

Hersh and colleagues noted that the distributional patterns of sperm whale clans in the Pacific
resemble those of human ethnolinguistic groups [39]. Spurred by the suggestion that symbolic
marking of cultural groups is uniquely human [51], they used results from humans and predictions
from models that cultural groups are most marked at boundaries to examine the hypothesis that
sperm whales use identity codas as symbolic markers, and the data supported the symbolic marking
hypothesis. We can undoubtedly go further in using knowledge of human societies to generate
hypotheses. But we need to be careful that they make sense in the sperm whale context.

However, there are fundamental differences between human ethno-linguistic groups and sperm whale
clans. Only about 12 cultural attributes have so far been found to differ among spermwhale clans (table 1),
whereas human ethnolinguistic groups differ in countless documented and undocumented ways. The time
scales also seem radically different, with human ethno-linguistic groups having (necessarily, by definition)
arisen since the origin of language about 150 000–350 000 years ago [52], while spermwhales evolved about
24 million years ago [8], and clans may have been around for much of that period. Cooperative care of
infants is a key attribute of the societies of both sperm whales and humans. In sperm whales this
cooperation is primarily among bonded females who are largely matrilineally related [15]. By contrast, in
most (but not all) modern human societies, the pair bond between male and female is key to raising
children. However, Lesley Newson and Peter Richerson argue that collaborative care among females, as
in sperm whales, was a key element of the social evolution of humans [3].
5. Considering sperm whale clans; lessons from human history
Understanding of humanity’s (pre-)history has been formed by worldwide academic effort in
archaeology, anthropology and other disciplines over many decades. By contrast, there are perhaps a
dozen scientists who think much about sperm whale clans, and only in the last 20 years. Discoveries
about the processes of human prehistory may be informative as we try to document and understand
the clans of sperm whales. For example:

5.1. Resources and society
Biologists typically see resource acquisition as a major driver of evolution. For instance, the remarkable
division of killer whales into culturally-distinct ecotypes is believed to result from cultural resource
specialization [48,53]. The traditional assumption that agriculture drove the increased complexity of
human societies [e.g. 54] is wrong as a universal process: in prehistory, agriculture had a very
complex relationship with social organization [4]. We should not necessarily expect ecology to have
driven the evolution of distinct clans, or for sperm whale cultural clans to differ much ecologically.
This is suggested by the results of Marcoux et al. [27] who found only small differences between the
stable isotope signatures of members of different clans in the same areas of the South Pacific.

5.2. Variability
There has been and is enormous variability in the nature and structure of human cultural groups as well as
how they interact with one another, both spatially and with time [4]. We should expect the samewith clans.
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There is some evidence for this, at least in the spatial domain. Hersh and colleagues’ study indicates large-
scale processes working across the Pacific [39], but because female sperm whales are largely limited to
tropical and subtropical waters, the Atlantic and Pacific have little connection for them, and our results
to date suggest that social and cultural arrangements, including the use of space, are quite different in
the two ocean basins [29,39]. This gives a situation comparable to the independent development of
human societies in Eurasia-Africa and the Americas: two, or perhaps three (if North and South America
are separated for humans, and the Indian Ocean is distinct for sperm whales), replicates for each
species. And then there is the Mediterranean whose small population of sperm whales is largely
discrete, somewhat comparable to a human population on a fairly isolated island (Australia?). Shane
Gero is leading a worldwide comparison of the coda dialects of sperm whale clans, which is likely to
have most interesting, and unexpected, results. Information on temporal variation in clan behaviours
and structures is less accessible than variation with space. The longest field studies have lasted 3–4
decades, barely two generations for sperm whales, and there is no archaeological record for oceanic
mammals. However, genetic correlates can potentially provide indications of clan membership dynamics
[21] as well as the evolutionary record of culturally-transmitted behaviour (e.g. [55] for killer whales), as
might an evolutionary analysis of coda structure.

5.3. Vocalizations and behaviour
It turns out that ‘ethno-linguistic’ is not a very good descriptor for at least some human groups. Both
language and other important and variable human behaviours (such as foraging methods, decorative
styles and religious practices) are largely culturally transmitted (i.e. socially learned). However, for
various reasons, including some behaviour being largely transmitted matrilineally and some
patrilineally, the ethnic and linguistic components do not always match too well [4]. Human groups
may have similar languages but very different means of sustenance or political systems, or vice versa
[4]. Recent examples of this uncoupling include Protestants and Catholics in Northern Ireland both
speaking English, or Ashkenazi Jews speaking different native languages in different European
countries. Shane Gero has asked me several times if we should call sperm whale clans just ‘clans’ or
‘coda clans’. Most clans we only know from their coda dialects; information on other clan characteristics
is often unavailable (see above). For the Regular and Plus-one clans studied off the Galápagos between
1985–1995, we know that the vocal differences map on to major distinctions in other behaviour, and the
results of other behaviour [23–26]. There is also a little information on clan-distinctive behaviour for
clans off Chile in 2000, and in the Caribbean in 2019–2020 [23,29]. So we have made the assumption,
largely based on those two Galápagos clans, that distinctive behavioural practices (cf. ‘ethno‘) and
dialects (cf. ‘linguistic’) largely line up, and that we can use ‘clans’ to include both. Maybe not…

5.4. Gender
In some human societies male behaviour principally drives societal organization, leadership and
innovation; in others female behaviour is generally more significant; and there are many societies in
which the genders have similar or complementary roles [4,56]. With sperm whales the assumption is
that society and cultural transmission is almost entirely female based [see 57]. A breeding male
attends a social unit for a matter of hours or less [58], and it has been tacitly assumed that the only
important transfer is of sperm. Perhaps not…

5.5. Schismogenesis
Schismogenesis is the hypothesis that humans, individually or as groups, define themselves against one
another, and so interacting groups deliberately adopt strongly contrasting behaviour [59]. The outcomes
resemble the distinctions expected from symbolic marking—behavioural differences between interacting
groups—but they can be much broader and deeper: holding slaves or not, having an autocratic or
democratic political system, etc [4]. Perhaps the very dramatic difference between the movements of
the Regular and Plus-one clans off the Galápagos [23] has some schismogenesis at its root.

5.6. Consensus decision making
One of the more controversial contentions of ‘The Dawn of Everything’ is that throughout history and
prehistory and in a wide range of circumstances, some groups of humans have used consensus, truly
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democratic discussions, rather than leadership from ‘the top’, to make important decisions [4]. Sperm
whales, sometimes travelling in very large groups, make important communal decisions about where
to go, how fast to travel, and when to feed in an environment varying substantially in resources and
containing lethal predators. Many of these changes in communal behaviour are slow and messy—a
group of sperm whales can take an hour or more to make a 90o turn—so likely democratic [60].
publishing.org/journal/rsos
R.Soc.Open

Sci.
6. Implications for human social evolution
The existence of large-scale complex clans of sperm whales has potential implications in the search for
drivers of human social complexity. Many such drivers have been suggested including bipedalism,
mobility, cooperation, brain size and/or complexity, syntactic language, monogamy, control of fire,
tool-making, opposable digits and the capacity for culture itself [e.g. 61]. Some of these drivers can
now be ruled out as necessary conditions for the development of the large-scale, culturally distinctive
social structures whose members experience within-group symbolically marked identity, that humans
share with sperm whales (e.g. bipedalism, monogamy, control of fire, tool-making, syntactic language
and opposable digits). In both species the evolution of such large-scale structures was likely complex
and convoluted, but interspecific comparison indicates that shared attributes, such as large and
complex brains, cooperative behaviour, mobility, or cultural capacity, may have been important factors.
11:231353
7. Conclusion
Sperm whales are very different from humans, and sperm whale clans are very different from human
ethno-linguistic groups. It seems exceedingly unlikely that sperm whale clans have more than a small
fraction of the richness and complexity that distinguish human groups. But there are some broad-scale
similarities that have few parallels elsewhere.

Sperm whale scientists can take advantage of these parallels, and of all the research and thought that
has gone into documenting and understanding human societies, as we try to build a picture of the nature
of a most unusual animal. For instance, the dynamics of human societies may suggest possible processes
that could drive clan distinctions (e.g. schismogenesis), and warn against generalist assumptions (e.g. a
clear relationship between clan distinctions and ecology, and that clans are entirely about females). The
comparisons may also be of importance as we consider the evolution of large-scale structures in human
societies. That similarly large-scale structures exist in another species provides support for some
generative factors and against others.

Data accessibility. This article has no additional data.
Declaration of AI use. I have not used AI-assisted technologies in creating this article.
Authors’ contributions. H.W.: conceptualization, methodology, visualization, writing—original draft, writing—review
and editing.
Conflict of interest declaration. I declare I have no competing interests.
Funding. I received no funding for this study.
Acknowledgements. Thanks to Léonie Huijser, Jennifer Modigliani, Luke Rendell, Peter Richerson, Felicia Vachon and
two anonymous reviewers for perceptive comments on earlier versions of this paper, and to David Graeber and
David Wengrow for the inspiration of the ‘Dawn of Everything’. This work received no targeted funding.
References

1. Diamond J. 2005 Collapse: how societies

choose to fail or succeed. New York: NY:
Penguin.

2. Harari YN. 2014 Sapiens: A brief history of
humankind. New York, NY: Random House.

3. Newson L, Richerson PJ. 2021 A story of us: a
new look at human evolution. Oxford, UK:
Oxford University Press.

4. Graeber D, Wengrow D. 2021 The Dawn of
everything. London, UK: Penguin Books.

5. Rosen L. 2022 Anarchaeology. Inference 6, 4.
(doi:10.37282/991819.22.19)
6. Ridgway SH, Hanson AC. 2014 Sperm
whales and killer whales with the largest
brains of all toothed whales show
extreme differences in cerebellum. Brain
Behav. Evol. 83, 266–274. (doi:10.1159/
000360519)

7. Whitehead H. 2003 Sperm whales: social
evolution in the ocean. Chicago, IL: Chicago
University Press.

8. McGowen MR, Spaulding M, Gatesy J.
2009 Divergence date estimation
and a comprehensive molecular tree
of extant cetaceans. Mol. Phylogenet. Evol.
53, 891–906. (doi:10.1016/j.ympev.2009.
08.018)

9. Møhl B, Wahlberg M, Madsen PT, Miller LA,
Surlykke A. 2000 Sperm whale clicks:
directionality and source level revisited.
J. Acoust. Soc. Am. 107, 638–648. (doi:10.1121/
1.428329)

10. Tønnesen P, Oliveira C, Johnson M, Madsen PT.
2020 The long-range echo scene of the sperm
whale biosonar. Biol. Lett. 16, 20200134.
(doi:10.1098/rsbl.2020.0134)

http://dx.doi.org/10.37282/991819.22.19
http://dx.doi.org/10.1159/000360519
http://dx.doi.org/10.1159/000360519
http://dx.doi.org/10.1016/j.ympev.2009.08.018
http://dx.doi.org/10.1016/j.ympev.2009.08.018
http://dx.doi.org/10.1121/1.428329
http://dx.doi.org/10.1121/1.428329
http://dx.doi.org/10.1098/rsbl.2020.0134


royalsocietypublishing.org/journal/rsos
R.Soc.Open

Sci.11:231353
9

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

09
 A

pr
il 

20
25

 

11. Whitehead H, Shin M. 2022 Current global
population size, post-whaling trend and
historical trajectory of sperm whales. Sci. Rep.
12, 19468. (doi:10.1038/s41598-022-24107-7)

12. Beale T. 1839 The natural history of the sperm
whale. London: John van Voorst.

13. Konrad CM, Gero S, Frasier T, Whitehead H.
2018 Kinship influences sperm whale social
organization within, but generally not among,
social units. R. Soc. Open Sci. 4, 180914. (doi:10.
1098/rsos.180914)

14. Gero S, Gordon J, Whitehead H. 2013 Calves as
social hubs: dynamics of the social network
within sperm whale units. Proc. R. Soc. B 280,
20131113. (doi:10.1098/rspb.2013.1113)

15. Konrad CM, Frasier T, Whitehead H, Gero S.
2019 Kin selection and allocare in sperm
whales. Behav. Ecol. 30, 194–201. (doi:10.1093/
beheco/ary143)

16. Pitman RL, Ballance LT, Mesnick SIL, Chivers SJ.
2001 Killer whale predation on sperm whales:
Observations and implications. Mar Mamm Sci
17, 494–507. (doi:10.1111/j.1748-7692.2001.
tb01000.x)

17. Best PB. 1979 Social organization in sperm
whales, Physeter macrocephalus. In Behavior of
marine animals (eds HE Winn, BL Olla), pp.
227–289. New York: NY: Plenum.

18. Christal J, Whitehead H, Lettevall E. 1998 Sperm
whale social units: variation and change.
Can. J. Zool. 76, 1431–1440. (doi:10.1139/z98-
087)

19. Watkins WA, Schevill WE. 1977 Sperm whale
codas. J. Acoust. Soc. Am. 62, 1486–1490.
(doi:10.1121/1.381678)

20. Rendell L, Whitehead H. 2003 Vocal clans in
sperm whales (Physeter macrocephalus).
Proc. R. Soc. Lond. B 270, 225–231. (doi:10.
1098/rspb.2002.2239)

21. Rendell L, Mesnick SL, Dalebout ML,
Burtenshaw J, Whitehead H. 2012 Can genetic
differences explain vocal dialect variation in
sperm whales, Physeter macrocephalus? Behav.
Genet. 42, 332–343. (doi:10.1007/s10519-011-
9513-y)

22. Whitehead H. 2003 Society and culture in the
deep and open ocean: the sperm whale. In
Animal social complexity: intelligence, culture
and individualized societies (eds FBM de Waal,
PL Tyack), pp. 444–464. Cambridge, MA:
Harvard University Press.

23. Whitehead H, Rendell L. 2004 Movements, habitat
use and feeding success of cultural clans of South
Pacific sperm whales. J. Anim. Ecol. 73, 190–196.
(doi:10.1111/j.1365-2656.2004.00798.x)

24. Marcoux M, Rendell L, Whitehead H. 2007
Indications of fitness differences among vocal
clans of sperm whales. Behavioural Ecology and
Sociobiology 61, 1093–1098. (doi:10.1007/
s00265-006-0342-6)

25. Eguiguren A, Pirotta E, Cantor M, Rendell L,
Whitehead H. 2019 Habitat use of culturally
distinct Galápagos sperm whale (Physeter
macrocephalus) clans. Mar Ecol Prog Ser 609,
257–270. (doi:10.3354/meps12822)

26. Cantor M, Whitehead H. 2015 How does social
behavior differ among sperm whale clans? Mar
Mamm Sci 31, 1275–1290. (doi:10.1111/mms.
12218)
27. Marcoux M, Whitehead H, Rendell L. 2007
Sperm whale feeding variation by location,
year, social group and clan: evidence from
stable isotopes. Mar. Ecol. Prog. Ser. 333,
309–314. (doi:10.3354/meps333309)

28. Whitehead H, Coakes A, Jaquet N, Lusseau S.
2008 Movements of sperm whales in the
tropical Pacific. Mar. Ecol. Prog. Ser. 361,
291–300. (doi:10.3354/meps07412)

29. Vachon F, Hersh TA, Rendell L, Gero S,
Whitehead H. 2022 Ocean nomads or Island
specialists? Culturally driven habitat
partitioning contrasts in scale between
geographically isolated sperm whale
populations. R. Soc. Open Sci. 9, 211737.
(doi:10.1098/rsos.211737)

30. Whitehead H, Rendell L. 2015 The cultural lives
of whales and dolphins. Chicago, IL: Chicago
University Press.

31. Laland KN, Hoppitt W. 2003 Do animals have
culture? Evol Anthropol 12, 150–159. (doi:10.
1002/evan.10111)

32. Whiten A. 2017 A second inheritance system:
the extension of biology through culture.
Interface Focus 7, 20160142. (doi:10.1098/rsfs.
2016.0142)

33. Gero S, Bøttcher A, Whitehead H, Madsen P.
2016 Socially segregated, sympatric sperm
whale clans in the Atlantic Ocean. R. Soc. Open
Sci. 3, 160061. (doi:10.1098/rsos.160061)

34. Amano M, Kourogi A, Aoki K, Yoshioka M, Mori
K. 2014 Differences in sperm whale codas
between two waters off Japan: Possible
geographic separation of vocal clans. J Mammal
95, 169–175. (doi:10.1644/13-MAMM-A-172)

35. Huijser LAE, Estrade V, Webster I, Mouysset L,
Cadinouche A, Dulau-Drouot V. 2020 Vocal
repertoires and insights into social structure of
sperm whales (Physeter macrocephalus) in
Mauritius, southwestern Indian Ocean. Mar
Mamm Sci 36, 638–657. (doi:10.1111/mms.
12673)

36. Amorim TOS, Rendell L, Di Tullio J, Secchi ER,
Castro FR, Andriolo A. 2020 Coda repertoire and
vocal clans of sperm whales in the western
Atlantic Ocean. Deep Sea Res. Part I 160,
103254. (doi:10.1016/j.dsr.2020.103254)

37. Laland KN, Janik VM. 2006 The animal cultures
debate. Trends Ecol. Evol. 21, 542–547. (doi:10.
1016/j.tree.2006.06.005)

38. Cantor M, Whitehead H, Gero S, Rendell L. 2016
Cultural turnover among Galápagos sperm
whales. R. Soc. Open Sci. 3, 160615. (doi:10.
1098/rsos.160615)

39. Hersh TA et al. 2022 Evidence from sperm
whale clans of symbolic marking in non-
human cultures. Proc. Natl Acad. Sci. USA
119, e2201692119. (doi:10.1073/pnas.
2201692119)

40. Zhou W, Sornette D, Hill RA, Dunbar RIM. 2005
Discrete hierarchical organization of social group
sizes. Proc. R. Soc. B 272, 439–444. (doi:10.
1098/rspb.2004.2970)

41. Hill RA, Bentley RA, Dunbar RIM. 2008 Network
scaling reveals consistent fractal pattern in
hierarchical mammalian societies. Biol. Lett. 4,
748–751. (doi:10.1098/rsbl.2008.0393)

42. Bird DW, Bird RB, Codding BF, Zeanah DW. 2019
Variability in the organization and size of
hunter-gatherer groups: Foragers do not live in
small-scale societies. J. Hum. Evol. 131,
96–108. (doi:10.1016/j.jhevol.2019.03.005)

43. Hersh TA, Gero S, Rendell L, Whitehead H. 2021
Using identity calls to detect structure in
acoustic datasets. Methods Ecol Evol 12,
1668–1678. (doi:10.1111/2041-210X.13644)

44. Vachon F, Eguiguren A, Rendell L, Gero S,
Whitehead H. 2022 Distinctive, fine-scale
distribution of Eastern Caribbean sperm whale
vocal clans reflects island fidelity rather than
environmental variables. Ecol Evol 12, e9449.
(doi:10.1002/ece3.9449)

45. McElreath R, Boyd R, Richerson PJ. 2003 Shared
norms and the evolution of ethnic markers.
Curr. Anthropol. 44, 122–130. (doi:10.1086/
345689)

46. Lundén T. 2011 Religious symbols as boundary
markers in physical landscapes: An aspect of
human geography. In De-Bordering, Re-
bordering and symbols on the European
boundaries (ed. J Jańczak), pp. 9–19. Berlin:
Logos Verlag.

47. Garland EC, McGregor PK. 2020 Cultural
transmission, evolution, and revolution in vocal
displays: insights from bird and whale song.
Front Psychol 11, 544929. (doi:10.3389/fpsyg.
2020.544929)

48. Riesch R, Barrett-Lennard LG, Ellis GM, Ford JKB,
Deecke VB. 2012 Cultural traditions and the
evolution of reproductive isolation: ecological
speciation in killer whales? Biol. J. Linnean Soc.
106, 1–17. (doi:10.1111/j.1095-8312.2012.
01872.x)

49. Currie TE, Mace R. 2012 The evolution of
ethnolinguistic diversity. Adv Complex Syst 15,
1150006. (doi:10.1142/S0219525911003372)

50. de Waal FBM. 1999 Anthropomorphism and
anthropodenial: consistency in our thinking
about humans and other animals. Philosophical
Topics 27, 255–280.

51. Hill K. 2009 Animal ‘culture’. In The question of
animal culture (eds KN Laland, BG Jr Galef),
pp. 269–287. Cambridge, MA: Harvard University
Press.

52. Perreault C, Mathew S. 2012 Dating the origin
of language using phonemic diversity. PLoS ONE
7, e35289. (doi:10.1371/journal.pone.0035289)

53. Whitehead H, Ford JKB. 2018 Consequences of
culturally-driven ecological specialization: killer
whales and beyond. J. Theor. Biol. 456,
279–294. (doi:10.1016/j.jtbi.2018.08.015)

54. Diamond J. 2013 The world until yesterday:
what can we learn from traditional societies?
New York, NY: Penguin.

55. Foote AD et al. 2016 Genome-culture
coevolution promotes rapid divergence of killer
whale ecotypes. Nat. Commun. 7, 11693.
(doi:10.1038/ncomms11693)

56. Mattison SM, Quinlan RJ, Hare D. 2019
The expendable male hypothesis. Phil.
Trans. R. Soc. B 374, 20180080. (doi:10.1098/
rstb.2018.0080)

57. Cantor M, Shoemaker LG, Cabral RB,
Flores CO, Varga M, Whitehead H. 2015
Multilevel animal societies can emerge
from cultural transmission. Nat.
Commun. 6, 8091. (doi:10.1038/
ncomms9091)

http://dx.doi.org/10.1038/s41598-022-24107-7
http://dx.doi.org/10.1098/rsos.180914
http://dx.doi.org/10.1098/rsos.180914
http://dx.doi.org/10.1098/rspb.2013.1113
http://dx.doi.org/10.1093/beheco/ary143
http://dx.doi.org/10.1093/beheco/ary143
http://dx.doi.org/10.1111/j.1748-7692.2001.tb01000.x
http://dx.doi.org/10.1111/j.1748-7692.2001.tb01000.x
http://dx.doi.org/10.1139/z98-087
http://dx.doi.org/10.1139/z98-087
http://dx.doi.org/10.1121/1.381678
http://dx.doi.org/10.1098/rspb.2002.2239
http://dx.doi.org/10.1098/rspb.2002.2239
http://dx.doi.org/10.1007/s10519-011-9513-y
http://dx.doi.org/10.1007/s10519-011-9513-y
http://dx.doi.org/10.1111/j.1365-2656.2004.00798.x
http://dx.doi.org/10.1007/s00265-006-0342-6
http://dx.doi.org/10.1007/s00265-006-0342-6
http://dx.doi.org/10.3354/meps12822
http://dx.doi.org/10.1111/mms.12218
http://dx.doi.org/10.1111/mms.12218
http://dx.doi.org/10.3354/meps333309
http://dx.doi.org/10.3354/meps07412
http://dx.doi.org/10.1098/rsos.211737
http://dx.doi.org/10.1002/evan.10111
http://dx.doi.org/10.1002/evan.10111
http://dx.doi.org/10.1098/rsfs.2016.0142
http://dx.doi.org/10.1098/rsfs.2016.0142
http://dx.doi.org/10.1098/rsos.160061
http://dx.doi.org/10.1644/13-MAMM-A-172
http://dx.doi.org/10.1111/mms.12673
http://dx.doi.org/10.1111/mms.12673
http://dx.doi.org/10.1016/j.dsr.2020.103254
http://dx.doi.org/10.1016/j.tree.2006.06.005
http://dx.doi.org/10.1016/j.tree.2006.06.005
http://dx.doi.org/10.1098/rsos.160615
http://dx.doi.org/10.1098/rsos.160615
http://dx.doi.org/10.1073/pnas.2201692119
http://dx.doi.org/10.1073/pnas.2201692119
http://dx.doi.org/10.1098/rspb.2004.2970
http://dx.doi.org/10.1098/rspb.2004.2970
http://dx.doi.org/10.1098/rsbl.2008.0393
http://dx.doi.org/10.1016/j.jhevol.2019.03.005
http://dx.doi.org/10.1111/2041-210X.13644
http://dx.doi.org/10.1002/ece3.9449
http://dx.doi.org/10.1086/345689
http://dx.doi.org/10.1086/345689
http://dx.doi.org/10.3389/fpsyg.2020.544929
http://dx.doi.org/10.3389/fpsyg.2020.544929
http://dx.doi.org/10.1111/j.1095-8312.2012.01872.x
http://dx.doi.org/10.1111/j.1095-8312.2012.01872.x
http://dx.doi.org/10.1142/S0219525911003372
http://dx.doi.org/10.1371/journal.pone.0035289
http://dx.doi.org/10.1016/j.jtbi.2018.08.015
http://dx.doi.org/10.1038/ncomms11693
http://dx.doi.org/10.1098/rstb.2018.0080
http://dx.doi.org/10.1098/rstb.2018.0080
http://dx.doi.org/10.1038/ncomms9091
http://dx.doi.org/10.1038/ncomms9091


royalsocietypu
10

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

09
 A

pr
il 

20
25

 

58. Whitehead H. 1993 The behaviour of mature
male sperm whales on the Galapagos breeding
grounds. Can J Zool 71, 689–699. (doi:10.1139/
z93-093)

59. Bateson G. 1935 Culture, contact and
schismogenesis. Man 35, 178–182. (doi:10.
2307/2789408)
60. Whitehead H. 2016 Consensus movements
by groups of sperm whales. Mar
Mamm Sci 32, 1402–1415. (doi:10.1111/
mms.12338)

61. Townsend C, Ferraro JV, Habecker H,
Flinn MV. 2023 Human cooperation and
evolutionary transitions in individuality. Phil.
Trans. R. Soc. B 378, 20210414. (doi:10.1098/
rstb.2021.0414)

62. Vachon F. 2022 On cultural inheritance:
evolution, behaviour, and social
structure of Eastern Caribbean sperm
whales. PhD Dissertation, Dalhousie
University.
 blishi
ng.org/journal/rsos

R.Soc.Open
Sci.11:231353

http://dx.doi.org/10.1139/z93-093
http://dx.doi.org/10.1139/z93-093
http://dx.doi.org/10.2307/2789408
http://dx.doi.org/10.2307/2789408
http://dx.doi.org/10.1111/mms.12338
http://dx.doi.org/10.1111/mms.12338
http://dx.doi.org/10.1098/rstb.2021.0414
http://dx.doi.org/10.1098/rstb.2021.0414

	Sperm whale clans and human societies
	Introduction
	Sperm whale clans
	Unexpected findings about sperm whale clans
	Cultural turnover
	Size of clans
	Spatial spread and size of clans
	Fundamentals of dialect distinctions: motif versus single identity coda
	Clan scales and oceans
	The strange case of EC3
	Symbolic marking

	Sperm whale clans and human societies: parallels and contrasts
	Considering sperm whale clans; lessons from human history
	Resources and society
	Variability
	Vocalizations and behaviour
	Gender
	Schismogenesis
	Consensus decision making

	Implications for human social evolution
	Conclusion
	Data accessibility
	Declaration of AI use
	Authors' contributions
	Conflict of interest declaration
	Funding
	Acknowledgements
	References


