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Reconstructions of the languages spoken by first modern humans based on grammatic-
alization theory rely on the assumption that the involved cognitive capacities and the
motivations for grammaticalizing a language were the same in the past as today. None-
theless, subtle changes in the brain and in behaviour have occurred during recent human
history that might have affected early grammaticalization processes. Comparative studies
in the domains of animal cognition, paleogenomics, and cognitive disease can help discern
the consequences of these changes and ultimately, refine our view of the dynamics fol-
lowed by language change in the remote history of our species and of the nature of early
prehistoric languages.

� 2017 Elsevier Ltd. All rights reserved.
1. Introduction

As noted by many scholars, the evolution of language posits a formidable challenge to our current understanding of
language, and particularly, to the methodologies we have used in the past for analysing language facts and language change.
Because the available evidence is scarce and indirect, and because it derives from different fields of research, from genetics to
archaeology to zoology, it is obliged to make inferences of all sorts to gain some knowledge about how language evolved in
the species and how languages changed in our remote past. Not surprisingly, these inferences have been subject to criticism
(Botha, 2001; see Botha, 2016 for a detailed discussion).

Grammaticalization theory deals with language change, specifically, with the way in which linguistic items change in use
and start to convey grammatical meanings or reinforce their grammatical roles. Usually, it is concerned with the origins and
the evolution of specific linguistic constructions found in modern languages (Narrog and Heine, 2011:1–18). Nonetheless, it
has been argued that it might help as well push linguistic reconstruction back to the past and formulate hypotheses about
language (and languages) in prehistory that are testable, at least in present-day specific contexts (see Heine and Kuteva, 2002,
2007; Smith, 2011, among many others).

Because grammaticalization theory builds on attested language facts and validated linguistic methodologies, it is expected
to not have the shortcomings of multidisciplinary approaches to language evolution. However, as reasoned by Heine and
Kuteva (2007: 28), the testability of their hypotheses about early languages relies on the assumption that “with regard to
language change, human behaviour was essentially the same at the stage when early language arose as it can be observed to
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be today”. Importantly, we need to assume that the same cognitive abilities involved in the grammaticalization of present-day
languages were involved in the grammaticalization of early languages. Putting it differently, the assumption is that human
cognition has remained substantially the same from the times in which our species emerged.

In this paper our main criticism is not against grammaticalization theory per se, which we find a useful tool for recon-
structing some of the changes occurred in the structure of the grammars of languages. It is not either against the non-
uniformitarian view of languages. The late twentieth century consensus has been that all languages are roughly equal in
terms of overall complexity (Fromkin and Rodman, 1983; Dixon, 1997). Even if subparts of their grammars differ in
complexity, their overall complexity is kept in balance as a result of a series of ‘trade-offs’, or perhaps more essentially,
because of the biological nature of the faculty of language that enables to acquire them, which is more or less the same in all
human beings (Moro, 2008). Nonetheless, increasing evidence suggests that the degree of language complexity might differ
cross-linguistically, mostly in response to external factors, such as the intensity of the contacts with other languages, how
isolated their speakers are, howmany speakers the language has, the tightness of the social networks they are engaged in, or
the number of adult learners of the language (Bolender, 2007; McWhorter, 2007; Wray and Grace, 2007; Lupyan and Dale,
2010; Trudgill, 2011). Specifically, grammaticalization has been hypothesised to augment the complexity of languages,
because it can increase the number of categories, or the number of irregularities (Givón, 1975). Interestingly, language
complexity might be influenced by cognitive patterns, if processing preferences bias language learning and use, and ulti-
mately, what becomes grammaticalized (Bornkessel-Schlesewsky and Schlesewsky, 2009). Following Newmeyer (2003:75)
we too “have no reason to believe, and every reason to doubt, that the functionally-motivated aspects of grammar have
remained constant over time”. Accordingly, we do not rule out the possibility that prehistoric languages differed qualitatively
from present-day languages and that grammaticalization played an important role in increasing the complexity of modern
languages.

Our main criticismwill be, instead, against the purportedly uniform nature of modern human cognition over time. Hence,
wewill concernwith the putative effects of subtle changes in human brain and cognition on grammaticalization processes. In
truth, uniformitarism can be found in other areas that are also important for the evolution of languages. As noted by Smith
(2011: 143), “non-nativists [accounts of language evolution] are also committed to uniformitarianism, but in the sense of
uniformity of process: the mechanisms of cultural evolutionwhich yielded linguistic change in early language are the same as
those yielding linguistic change in modern language, and investigations of these mechanisms can provide insights into pre-
historical qualitative linguistic change; it is in this respect that the study of grammaticalization is most relevant for evolu-
tionary linguists”. Historically, uniformitarianism has been claimed to exclude catastrophism, but modern evolutionary
theory tends to view biological change as resulting from smooth changes punctuated by periods of innovation (Gould, 2002).
Recent studies suggest as well that the processes underlying evolution, including the types of variation, may be not invariant
through time (Erwin, 2011).

Regarding the scope and the arguments presented in the paper, we wish to add several notes of caution.
First, we are not claiming that grammaticalization can account for all aspects of language evolution in the human clade. On

the contrary, some sort of change in the hominin brain and some effect of this change on hominin cognition and linguistic
abilities are acknowledged even by the most ardent defenders of grammaticalization theory. These changes are expected to
account for our species-specific ability to acquire and use languages, that is, our language-readiness (see Boeckx and Benítez-
Burraco, 2014a, 2014b for a hypothesis).

Second, and related to this, our focus is put on the last chapter of a long story, that is, the evolution of modern languages
as acquired and used by a brain that was already language-ready. Obviously, the history of language is much longer and
many prerequisites for language can be found in other animals (de Waal and Ferrari, 2010), and of course, in extinct
hominins (Mithen, 1996, 2006, d’Errico et al., 2003). By this reason, we are not considering comparative evidence of inter-
specific differences in cognitive abilities that can be important for grammaticalization (but see Heine and Kuteva, 2007 for
discussion). Likewise, we are not concerned either about the most recent page of this last chapter, when human beings split
into several groups and occupied the whole Earth (and interbred in some areas with different extinct hominin species). The
reason is that all these human beings were already language-ready and exhibited modern behaviours. We do not expect
significant differences, neither linguistic nor cognitive, between them and present-day human beings. Accordingly, we will
be concerned about what happened between the split from Neanderthals and Denisovans (roughly 200.000 years ago) and
the Out-of-Africa event (roughly 100.000 years ago) (López et al., 2016; Pagani et al., 2016). As hypothesised by Tattersall
(2009), during this period, our species-specific cognitive abilities might have laid unexploited, plausibly until modern
language emerged.

Third, although our focus will be put on the genes and the brain, we are not conflating genes, brain, cognition, and lan-
guage. These aspects need to be differentiated, regarding grammaticalization, and more generally, language evolution.
Accordingly, we do not expect that changes in specific genes, like the sort we will highlight in the paper, account for changes
in specific aspects of grammaticalization. Genes do not work like that. This effect, if any, will be always indirect, via the impact
of gene mutations on broad cognitive abilities, otherwise not specifically linguistic, but with a clear role in acquiring, using,
and grammaticalizing a language. Related to this, because not every aspect of thought depends on language (Carruthers,
2002), we are not adopting a reductionist approach to this problem (cognition is necessarily linguistic), but a cognitivist
approach (language is grounded in cognition).

Finally, we are not conflating language evolution and biological evolution either. On the contrary, cultural evolution is
expected to have played a major role in the emergence of modern languages, accounting for key design features of human
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languages (see Tamariz and Kirby, 2016 and Kirby, 2017 for recent discussions). More generally, cultural differences between
species can account for aspects of their cognition, with a potential impact on their linguistic and grammaticalization abilities.
Accordingly, Heine and Kuteva (2007) point out that a crucial difference between humans and primates is the way in which
new concepts are transmitted from one generation to another. In the paper we only consider the cultural changes that were
favoured by the self-domestication of the human species.

The paper is structured as follows. First, we provide a brief overview of the tenets of grammaticalization theory, with a
focus on the cognitive requisites needed for grammaticalizing a language and their evolutionary origins. Afterwards, we
describe recent changes in the human brain and behaviour, with a focus on gene changes that have been fixed after our split
from extinct hominins. We will also examine the presumed effect of the behavioural changes brought about by our self-
domestication on our grammaticalizing abilities. We finish with some conclusions about the status of grammaticalization
theory in language evolution studies, with a discussion about the limited falsifying power of the lines of evidence presented in
the paper, and with some future prospects.
2. Grammaticalization and cognitive evolution

Grammaticalization is the process by which linguistic elements (words, phonetic items, discourse strategies) change into
grammar components or by which syntactic constructions become more grammatical in time (Givón, 1979; Hopper and
Traugott, 2003). For instance, modal verbs may emerge from lexical verbs, like the English will, which derives from the
Old English wyllan ‘to wish’, or lexical tone may take over the role of nominal classifiers, like in Chinese. Interestingly,
grammaticalization usually follows highly constrained and specifiable paths that are universal and mostly unidirectional, to
the extent that the course of grammaticalization is in principle predictable (Bybee, 2002). Grammaticalization combines
different principles andmechanisms of language change. However, as Heine et al. (1991) have pointed out, concrete sources of
grammaticalized constructions are usually tied to basic aspects of human relations with the environment, and particularly,
with the human body, and are thus universal to human experience. Moreover, as Hoefler and Smith (2009) and others have
noted, grammaticalization relies on basic cognitive mechanisms that are non-specific to language, ultimately boiling down to
the principles governing conversational exchange. Certainly, we expect that the different cognitive abilities and prerequisites
involved in grammaticalization have different evolutionary histories, some of them being evolutionarily older than others. As
noted in the previous section, comparative studies have revealed that the basic building blocks of human cognition are shared
across a wide range of species and that most (if not all) of them can be inferred in extinct hominins. At the same time, we
expect that some brain reconfiguration occurred in the hominin brain that brought about our species-specific mode of
cognition, which seemingly differs from what we can find in our closest relatives or infer in Neanderthals (see Wynn and
Coolidge, 2004, and Mithen, 2006 for discussion).

Grammaticalization usually involves the application of a source (more concrete) meaning to a new context of usage. As a
result, a new target (more abstract and grammatical, but still related) meaning arises (see Heine and Kuteva, 2007: 34 and ff.
for details). For instance, English going to was initially used to convey information about spatial changes (e.g. I’m going to
rescue that dog, because I’m approaching to help the animal), but later it started to be used for expressing intentions or
referring to future events (I’m going to marry her, even if my future wife lives in the same block as me). Some inferential
abilities are needed to put in relation both contexts and to transfer specific features from the source domain to the target
domain. Accordingly, if my partner lives in the same building as me, the hearer will assume that this going to does not imply
any physical movement and will look instead for an alternative meaning based on the principle of relevance. This is why
pragmatic inferencing has been acknowledged as one core aspect of grammaticalization processes (Hopper and Traugott,
2003: 71–98, Smith and Höfler, 2014). Several patterns of inferencing are involved in grammaticalization, like inferring in-
ternal situations from external situations, reinterpreting meanings based on textual situations, or inferring the speaker’s
beliefs or attitudes from literal meanings of words or phrases (Traugott, 1989, 1995). As noted by Bybee (2002), the uni-
versality of the common paths of change found in grammaticalization processes points to the universality of the mechanisms
involved in grammaticalization.

As many researchers have observed, human cognition outscores in (and perhaps is best characterised by) our ability to
transcend the signature limits of core knowledge systems and ultimately, to combine and unify conceptual units that belong
to distinct domains (Boeckx, 2011; Carruthers, 2006; Mithen, 1996; Spelke, 2003; Wynn and Coolidge, 2011). It is this ability
that enables us to establish conceptual associations, to metaphorize andmetonymize. and to grammaticalize. In Boeckx and
Benítez-Burraco (2014a) it is hypothesised that our language-readiness boils down to this enhanced cognitive ability, because
it might have emerged from the embedding of this ability inside the cognitive systems responsible for thought and the
externalization of thought. As these authors describe in detail, our ability to form cross-modular concepts may have been
brought about by a set of coordinated changes in the hominin skull/brain, which favoured new patterns of neuron inter-
connection across the whole brain that habilitated a new neuronal workspace. In turn, these changes may have resulted from
changes in genes involved in the brain-skull cross-talk (like RUNX2, some DLX genes, and some BMP genes), in genes that
regulate subcortical-cortical axon pathfinding and that are thought to play a key role in the externalization of language (like
FOXP2, ROBO1, SLIT1 and SLIT2), and in several other genes connecting these two interactomes (including AUTS2 and some
other candidates for autism). Interestingly, some of these genes show differences with Neanderthals and Denisovans
regarding their regulatory regions, their coding regions, and/or their methylation patterns (see Boeckx and Benítez-Burraco,
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2014a, 2014b, Benítez-Burraco and Boeckx, 2015 for details; for the recent evolutionary history of genes related to language
disorders see Mozzi et al., 2016).

Because of the presumed effect of these changes on the emergence of modern cognition, we could expect that the
cognitive abilities involved in grammaticalization were available right after the appearance of our species, giving support to
the view that the processes and behaviours involved in grammaticalization and, more generally, in language change have
remained identical over time. As noted by Heine and Kuteva (2007:163), “there are few indications that animals are able to
grammaticalize”. Under this view, there might be few indications as well that other hominins were able to grammaticalize
their protolanguages (if any). That said, as with other components of language, we should expect some degree of evolutionary
continuity in the abilities involved in grammaticalization. Accordingly, signs of extension (that is, of enlarging the scope or the
application of an ability) can be observed in the behaviour of some primates (for instance, if a tool is used for a different goal
than originally). At the same time, it is not clear if new uses involve the mental extension of goal-directed actions (and ul-
timately, cross-domain mappings), or they are instead achieved by trial and error or are emulated. Likewise, there is evidence
that primates take contextual information into account for better interpreting or even disambiguating the signal (Arnold and
Zuberbühler, 2013; Seyfarth and Cheney, 2016). Nonetheless, as discussed by Fischer and Price (2016), there is little evidence
that they are able to express or comprehend communicative or informative intent. Putting it differently, even if receivers’
responses may be termed inferential, it could be problematic to term them ‘ostensive-inferential’, unless we could definitely
prove that they are able to attribute mental states to others (see Krupenye et al., 2016 for the claim that great apes operate, at
least on an implicit level, with an understanding of false beliefs, and ultimately, with a Theory of Mind). Overall, this suggests
that there are differences between humans and primates (and plausibly, between humans and extinct hominins too)
regarding the cognitive abilities involved in grammaticalization.

3. Grammaticalization and recent changes in human brain and behaviour

The real story can be more complex. The retrieval of ancient genomes has revealed that changes in several genes involved
in brain function were fixed well after our split from Neanderthals and Denisovans, but before the diversification of human
groups; these include ELAVL4, MAPT, SPON1, SORL1, SHC3 and SNCA (Zhou et al., 2015). We still don’t know if these changes
contributed to the cognitive landscape of the human brain and accordingly, if they influenced early grammaticalization
processes. Nonetheless, we know that mutations in some of them impact on our cognitive abilities. For instance, SORL1 is a
candidate for Alzheimer’s disease and brain ageing, and pathogenic polymorphisms of the gene have proven to influence
executive function (Liang et al., 2015), abstract reasoning (Seshadri et al., 2007), spatial and episodic memory, and verbal
speed performance (Reynolds et al., 2013), Similarly, MAPT is a robust candidate for cognitive decline and dementia in Par-
kinson’s disease and other degenerative conditions, like frontotemporal dementia, corticobasal degeneration, and progressive
supranuclear palsy. PathologicalMAPTmutations correlate with low scores in several language tasks (Hardy et al., 2015), and
common variants of the gene have been associated with differences in the neural circuitry underlying aspects of cognition in
normal ageing (Winder-Rhodes et al., 2015). Likewise, SPON1 has been recently highlighted as one of the genes influencing
brain connectivity (Jahanshad et al., 2013).

A second line of evidence suggests that the conditions that make grammaticalization possible (including the cognitive
hardware) might have changed since the emergence of our species. As noted in the previous section, grammaticalization
theory aims to explain how languages change and gain grammatical complexity over time as a result of cultural learning (see
also Hurford, 2011; Kirby, 2012). But to some extent it is also a theory about why languages change and become more
complex. The rationale for grammaticalizing a language goes from cognitive motivations (i.e. conveying more abstract and
more complex thoughts) to social motivations (i.e. expressing new types of social bounds or interactions, creating novel or
original expressions, or replicating linguistic patterns employed by the speakers of other languages) (see Heine and Kuteva,
2007: 323–329 for details). However, we still lack a good understanding of the conditions (and preconditions) that allow
grammaticalization to occur. As noted in the first section, in present-day human groups linguistic complexity seems to
correlate with some parameters that are external to language, particularly, with social factors. As also noted there, large
exoteric communities, involved in regular cross-cultural exchanges with other groups and having higher percentages of non-
native speakers, typically speak languages with simpler andmore regular morphologies and less complex syntaxes (Bolender,
2007; Wray and Grace, 2007; Trudgill, 2011). Even core properties of human languages, like duality of patterning, have been
hypothesised to result from iterated learning and cultural evolution, as research into village sign languages illustrates (see
Benítez-Burraco, 2016 for discussion). Interestingly, in the context of grammaticalization theory, Heine and Kuteva (2007)
have pointed out that humans and primates differ significantly in the way in which novelties are transmitted from one
generation to another. Overall, we expect that grammaticalization takes place in specific socio-cultural milieus (Heine and
Kuteva, 2007: 164). Knowing in more detail the cultural niche of early anatomically-modern humans should allow us to
explain when (and why) human languages started to gain complexity as a result of grammaticalization.

In this paper,wewish explore thepossibility that theniche thatmakes grammaticalizationpossible resulted inpart from the
self-domestication of the human species. The idea of human beings as domesticated primates goes back to Darwin (1871). As
several authors have noted (Hare and Tomasello, 2005; Deacon, 2009; Thomas, 2014 among others), the relaxation of selective
pressures on our species as it became self-domesticated might have brought about the cultural niche that favoured the
emergence of complex languages through a cultural process. In other species, domestication triggers variation and complexity,
as observed in the syntax of the songs of the domestic strains of songbirds (Takahasi and Okanoya, 2010; Kagawa et al., 2012).
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Inour species, self-domesticationprovidedchildrenwithanextended socializationwindow,whichmighthaveenabled themto
get a greater amount of triggering linguistic stimuli, to interact more frequently andmore intensively with other conspecifics,
and to experiment with language for a longer time.

In brief, the self-domestication hypothesis of the human species claims that, compared with extant primates and extinct
hominins, we exhibit the same features that are commonly found in domesticated mammals. These distinctive traits include
neoteny, changes in the craniofacial area (smaller jaws, smaller teeth), smaller skulls and brains, and increased sociability
resulting from reduced levels of stress hormones and a prolonged immaturity of the adrenal glands and the hypothalamic-
pituitary-adrenal system (the HPA axis) (see Wilkins et al., 2014 and Sánchez-Villagra et al., 2016 for details).

Different selectionist accounts of the reasons why humans became self-domesticated have been posited, ranging from an
adaptation to the human-made environment, to a by-product of mate-choices, to selection against aggression and towards
social tolerance (see Thomas, 2014 for details). Accounts based on behaviour are difficult to falsify because of the scarcity and
indirectness of the palaeoanthropological evidence. Accordingly, one could speculate about an increased sociability in other
hominins compared towild primates, resulting in a domesticated phenotype in them too. However, morphological signatures
of domestication seem less exacerbated in extinct hominins (see Márquez et al., 2014 on the similarity between the nasal
complex of Neanderthals and of mid-Pleistocene Homo specimens, or Fukase et al., 2015 on the larger dental size of Nean-
derthals compared to modern humans). Interestingly, the self-domestication of the human species has been hypothesised to
be a by-product of the same changes that brought about our more globular skull/brain and our language-readiness (see
Benítez-Burraco et al., 2016a for details). The reason is that candidates for globularization and language-readiness are found
among (and interact with) the genes believed important for the development and function of the neural crest, whose
hypofunction has been claimed to give rise to the “domestication syndrome”, that is the constellation of distinctive traits
observed in domestic mammals (Wilkins et al., 2014; see Sánchez-Villagra et al., 2016, for a recent account).

Atfirst glance, the self-domestication hypothesis supports the view that cognitivemodernity appeared on a parwith the first
anatomically-modern humans, whereas behaviouralmodernity emerged progressively, as a result of changes in human cultural
dynamics. Even the putative cultural “revolutions”, if any, like the Lower to Upper Paleolithic Transition, are expected to have
resulted largely from cumulative cultural evolution (McBrearty and Brooks, 2000; Henshilwood et al., 2002). Although the
transition tomodern behaviourwas favoured by the cultural niche brought about by our self-domestication, many other factors
seemingly contributed to it, including changes in human demography and population dynamics (Vaesen, 2012). Interestingly,
some authors have claimed that this transitionwas boosted by the emergence of modern languages. Accordingly, the time-lag
spanning between the origins of our species and the appearance of typically-human cultures could be indicative of the time-lag
needed for the gradual emergence of modern, grammatically-complex languages, that are able to convey more complex and
more abstract meanings and fulfil more complex and more diverse social functions (see Tattersall, 2016 for discussion).

Still, domestication involves significant changes in the brain structure and function. Domestic animals typically show smaller
brains (Kruska,1988, 2005),which tend to reorganize adaptively in response to the domestic environment. For instance, homing
domestic pigeons exhibit proportionally larger hippocampi and olfactory bulbs, plausibly because of their enhanced spatial
cognition and sensory integration (Rehkämper et al., 2008). Likewise, domestic guinea pigs show enhanced spatial learning
abilities compared to their wild conspecifics (Lewejohann et al., 2010). Not surprisingly, domestication also entails an enhanced
sensibility tohumansocial cues andan improvedability to solveproblems relyingonsuch cues (Hernádi et al., 2012;Udell, 2015).
These differential cognitive abilities have been hypothesised to be a by-product of domestication (specifically, of selection for
tameness), and not a result of a direct selection for this ability (Hare et al., 2005). Interestingly, anatomically-modern humans
exhibit smaller brains from the last 40.000 years, and this reduction in brain size has been related to the domestication hy-
pothesis by some researchers (see Bednarik, 2014 for discussion). We don’t know which cognitive modifications (if any) have
been brought about by this brain reduction and reorganization in late humans, but it is clear now that we can expect some
differences relative to earlier humans, with a potential impact on the cognitive abilities involved in grammaticalization.

Intriguingly too, in some human-specific pathological conditions entailing language deficits, the impairment of some of the
cognitive capacities involved in grammaticalization, like inferencing or metaphorical processing, coexists with an abnormal
presentation of the “domestication syndrome” in our species. For instance, subjects with autism experience problems for
understanding abstract concepts and metaphors (Dodd, 2005: 47; Jordan, 2010). Likewise, although high-functioning children
with autism succeed in extending a known noun to multiple exemplars, they fail to narrow this semantic extension based on
inferences from the social context (McGregor and Bean, 2012). At the same time, as noted by Benítez-Burraco et al. (2016b),
people with autism exhibit less marked signatures of domestication in their brains and cognitive abilities. Specifically, they
show higher brain volumes, which correlate with lower functioning abilities (Sacco et al., 2015), plausibly because brain
overgrowth impacts negatively on networking efficiency among widespread regions of the cortex (Lewis et al., 2013). Similarly,
whereas domestic mammals typically show a smaller amygdala and a reduced size of other components of the limbic system,
peoplewith autism exhibit increased volumes of the amygdala (Mosconi et al., 2009;Murphy et al., 2012), which correlate with
the severity of their social and communication impairment (Schumann et al., 2009). Higher amygdala volumes are associated as
well with poorer language abilities during infancy in the typically-developing population (Ortiz-Mantilla et al., 2010).

Also schizophrenia entails both problems with figurative language and pragmatic inferencing (Corcoran, 2003; Mossaheb
et al., 2014), and an abnormal presentation of the “domestication syndrome” (see Benítez-Burraco et al., 2017 for details).
Genomic regions that have undergone positive selection in anatomically-modern humans are enriched in gene loci associated
with schizophrenia (Srinivasan et al., 2016), hence the purported link between the etiopathogenesis of the disease and the
evolution of language (see Crow, 2000 among many others). Nonetheless, this enrichment has been recently linked to
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functional elements like introns and untranslated regions (Srinivasan et al., 2017), which suggests that most schizophrenia
risk alleles may have appeared after our split from extinct hominins. Interestingly, nearly 20% of the candidates for the disease
are involved in aspects of domestication and the development and function of the neural crest, and some of them show
signals of selection after the split from Neanderthals and Denisovans, but before the split of present-day human groups (see
Benítez-Burraco et al., 2017 for details).

Overall, this suggests that the self-domestication of our species resulted as well from genetic changes occurred after the
emergence of anatomically-modern humans. If mutations in some of the involved genes are eventually found to impact on the
cognitive abilities important for grammaticalization in present-day humans, we should expect that evolutionary changes
occurred in these genes contributed as well to the emergence of these abilities in early modern humans as part of our self-
domestication.

4. Conclusions and future prospects

The evidence reviewed in this paper suggests that after the emergence of our species, subsequent changes may have
occurred in our brains and in cognitive abilities that are thought to play a key role in grammaticalization, particularly, in
aspects of social cognition like ostensive-inferential abilities (Smith, 2011). By no means does this evidence diminish the role
of grammaticalization per se in the evolution of complex languages. It merely suggests that grammaticalization might have
occurred differently during the first part of our history because some of the involved cognitive abilities were not available. For
instance, as we noted in section 2, generalisation to new contexts and advanced categorisation are seemingly available to the
primate mind. These abilities have been also found relatively spared in cognitive diseases like autism (McGregor and Bean,
2012). On the contrary, as we also noted, primates are unable to comprehend communicative intent. Likewise, children
with autism perform worse on tasks involving semantic extension when their social partner’s behaviour needs to be
considered (McGregor and Bean, 2012). If this ‘ostensive-inferential’ ability was gained during our recent history, plausibly in
the context of our self-domestication, one could expect that the pragmatic inference mechanism of grammaticalization was
not operative from the very beginning, as opposed to generalization or bleaching. In summary, we need to consider these
cognitive differences on a parwith grammaticalization mechanisms per sewhen hypothesising about the distinctive features
of the languages spoken by first human beings.

Because of the expected role played by the self-domestication of our species in the grammaticalization of the human
mind and of human languages, comparative studies of cognitive abilities involving wild and domestic varieties of mammals,
of the sort discussed in the previous section, should help understand this complex process, particularly those comparing
wild primates and humans (e.g. chimps vs. bonobos vs. humans). Additionally, comparative genomics can help identify the
molecular signature of domestication and its effect on brain organization and function. Whole-genome sequencing of dog
and wolf DNA has revealed that more than 50% of the regions that probably represent targets for selection during dog
domestication contain genes involved in brain function (Axelsson et al., 2013). Significant differences between dogs and
wolves have been attested regarding gene expression patterns in several brain areas, particularly, in the hypothalamus
(Saetre et al., 2004) and the prefrontal cortex (Li et al., 2013). Important differences have been observed as well concerning
alternative splicing patterns and changes in untranslated regions (Roy et al., 2013). Because domestication results in similar
changes in morphology and behaviour in many different species, studies aimed to find a common molecular signature of
the domestication process are particularly welcome. Albert and colleagues (2012) have found a small group of genes that
are differentially expressed in the frontal cortex of dogs, pigs, rabbits, and guinea pigs compared to their wild counterparts,
including SOX6 and PROM1, which are two modulators of brain development that have been associated to language
impairment and cognitive decay (Stellos et al., 2010; Ebrahimi-Fakhari et al., 2015). Finally, examining the abnormal
presentation of the “domestication syndrome” in pathological conditions involving an aberrant mode of cognition and
entailing language deficits should help refine as well our understanding of the cognitive abilities of early humans. As noted
above, candidates for cognitive diseases like autism and schizophrenia are overrepresented among the genes known to be
involved in the “domestication syndrome”, and some of them show altered expression profiles in the brain of the affected
people, particularly, in several brain areas involved in language processing (see Benítez-Burraco et al., 2016b, 2017 for
details).

We admit that the lines of evidence summoned in this paper have a limited falsifying power, at least at our current state of
knowledge. It is clear that a significant leap goes from genetic changes, or even brain modifications, to cognitive innovations,
and particularly, from changes in the human physiology and behaviour, to grammaticalization and language change. This is
why the evidence discussed in the paper should be viewed as some of the pieces making up the big puzzle of language
evolution, which includes genetic, physiological, behavioural, environmental, cultural, and historical elements that are
intricately interconnected.
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