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Definition

:

The domestication of humans is not an issue of domesticity but of the effects of the domestication syndrome on a hominin species and its genome. These effects are well expressed in the ‘anatomically modern humans’, in their physiology, behavior, genetic defects, neuropathology, and distinctive neoteny. The physiological differences between modern (gracile) humans and their ancestors, robust Homo sapiens types, are all accounted for by the domestication syndrome. From deductions we can draw about early human behavior, it appears that modifications are attributable to the same cause. The domestication hypothesis ascribes the initiation of the changes to selective breeding introduced by the consistent selection of neotenous features. That would trigger genetic pleiotropy, causing the changes that are observed.
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1. Introduction


The origin of our subspecies, Homo sapiens sapiens, is arguably the most divisive topic in hominin evolution. It is generally agreed that during the Late Pleistocene, robust hominins, including the Neanderthals and Denisovans, were replaced with gracile forms called ‘anatomically modern humans’. At least in Eurasia, this occurred over a relatively short period, a geological instant. A hypothesis was developed during the 1980s, proposing that our kin first arose in an unspecified part of Sub-Saharan Africa. From there, it colonized the three Old World continents and Australia. African Eve’s progeny was not interfertile with the primitive humans they encountered, who were culturally, technologically, cognitively, and intellectually inferior to them. So, they either outcompeted or exterminated them in history’s most comprehensive genocide. This ‘replacement hypothesis’ soon took over nearly the entire discipline, despite the lack of any archaeological, paleoanthropological, or genetic evidence in its favor. Its most severe shortcoming, however, was that it failed to explain the issue. What caused the changes differentiating gracile from robust Late Pleistocene hominins? Science is extensively based on the principle of causation. The causes and effects of the transition from robust to gracile hominins still need to be elucidated.



For instance, the replacement hypothesis does not explain what could have caused the change from the dysteleological progress of evolution to the apparent teleology of cultural development, or why we graciles are such neotenous primates, or what could have suspended the inherent laws of biological evolution. Nor does this failed hypothesis (refuted by the genetic demonstration that the robust and gracile humans were interfertile [1,2,3,4,5,6,7,8]) explain why natural selection failed to select against numerous deleterious genetic predispositions and defects. It also fails to elucidate why brain illness etiologies suggest that they involve mostly the same areas of the brain that are the phylogenetically latest; or why other extant primates are largely, if not entirely, free of such pathologies. Nor does it explain why the graciles are experiencing brain atrophy or any other of the many differences that set them apart from the preceding robust humans [9]. Until 2008, the preservation of the mutations involved in the significant deleterious etiologies remained essentially unexplained, leading to the proposal of a unified theory of human self-domestication [10]. It explains not just all the questions posed here; it explicates the causes of all factors that constitute the human condition as we know it [11].



When applied to humans, the popular concept of domestication is related to the notion of domesticity. However, the scientific definition of domestication is an expression of the domestication syndrome [12,13]. Traditionally, human auto-domestication has usually been related to the changes in human behavior and lifestyles during the ‘Neolithic revolution’, with the introduction of agriculture and greater sedentariness [14,15,16]. Thus, the correlation of domestication with domos and the domicile pre-empted a scientific approach to the general issue until recently. Another limiting factor since Darwin [17] has been the implication that, typically, the domesticator has been the human species. This anthropocentrism is severely contradicted by the hundreds of other animal species, ranging from mammals to insects, that have domesticated other animal, plant, or fungi species. Moreover, domestication is a complex process involving symbiosis or mutualism [18,19,20,21] in many cases and can even involve aspects of gene–culture coevolution [22,23].



In vertebrate species, the domestication syndrome [12] is expressed by several universal features [24]. These include a reduction of tooth sizes and changes in craniofacial morphology, such as a shortened muzzle—or, in the case of humans, loss of prognathism. Others are alterations to ear and tail forms, shortening of the spine, reductions in total brain volume and specific brain regions, and depigmentation. Then there are alterations to adrenocorticotropic hormone levels and in concentrations of several neurotransmitters, sometimes accompanied by increased docility and tameness. Of distinctive consequences are the estrus cycles that occur more frequently or are non-seasonal and may even be eliminated entirely; and the preservation of a whole suite of typically neotenous effects, including juvenile behavior. Although it has been argued, based on experiences with foxes, that the concept of a domestication syndrome is inconclusive [25], others responded that the “family resemblance” among domesticates renders the notion useful [26,27]. However, they also proposed that rather than the domestication syndrome, emotional control and social motivation account for the changes in humans. More recently, it has been argued that the domestication syndrome is explained by shared reproductive disruption [28].



The domestication syndrome is facilitated by the mechanism of pleiotropy, an essential factor in domestication that defines when consistent selection for one gene affects two or more apparently unrelated traits in a population. For instance, when humans were the domesticators, they often selected in favor of lower flight response (docility), which introduced several other phenotypic traits coincidentally, such as facial architecture or reduction in dentition size [29].




2. Auto-Domestication of Hominins


The physiological changes from robust to gracile humans match those of vertebrate domestication, e.g., atrophy of brain volume and specific regions, dental reduction, the decline of prognathism, abolition of estrus, and probably depigmentation. Of particular significance is the progressive selection in favor of infantile physiology (neoteny or pedomorphosis, the attainment of sexual maturity before full somatic development), which became a dominant factor beginning around 40,000 years ago [10,11,30]. While it is apparent particularly in gracile humans, in numerous physiological and behavioral aspects, it needs to be emphasized that facial gracilization in humans has been evident for previous hundreds of millennia [31]. However, a distinctive rate of change occurred in the last third of the Late Pleistocene, in a relatively short time. It included a significant reduction in skeletal robusticity, especially in the cranium, smaller body size, more delicate skin, smaller mastoid features, flattened and broadened face, significantly reduced or absent tori, relatively large eyes, smallish nose, small teeth, a prolonged development period, less hair but retention of fetal hair, faster heartbeat, lower amount of energy expended at rest, increased longevity, higher pitch of voice, more forward tilt of head, more backward tilt of the pelvis, limbs that are proportionally short relative to the torso, narrower joints, and smoother ligament attachments [32]. We resemble the fetal chimpanzee more closely than any other animal. For instance, most of our males lack a penis bone, as does the unborn chimpanzee, while the hymen of our females is retained for life (unless penetrated) but is a neonate feature in the ape. Similarly, in chimpanzees, the labia majora are an infantile feature, but in the human female are retained for life. In all apes, the lower abdomen’s organs are aligned with the spines; but in humans and fetal apes, they point forward [33]. The unborn chimpanzee features a face almost as flat as a human’s, whereas the adult ape shows distinctive prognathism. Human hands and feet differ significantly from the hands and feet of mature chimpanzees but resemble those of embryonic apes closely. While in chimpanzees, the arms become much longer after birth, this change does not occur in humans.



Humans’ explorative behavior is probably a development derived from ‘playful’ conduct, as often observed in other domesticated mammals. In the human animal, it has prompted the development of paleoart production over the course of the second half of the Pleistocene and the facilitation of other improved cognitive performance. In particular, the introduction of iconicity in paleoart creation was prompted by juveniles [34,35], and the elaboration of exograms [36] generally served the proliferation of cultural complexity in the Upper Paleolithic. However, the greater part of the changes brought about by domestication have been detrimental to our lineage. This is an unwelcome observation, contradicting the self-aggrandizing tenor in much of archaeology that presents the human ascent as a teleology resulting in a ‘crown of evolution’. Nevertheless, the empirical evidence is persuasive.



Most of the changes from robust to gracile hominins turned the concept of natural selection on its head. They offer no evolutionary benefits but mostly disadvantages—and mass migrations did not cause them, nor changing climate, sea level adjustments, language introduction, new technology, larger brains, cognitive revolution, significant dietary changes, fire use, population replacement, or any of the other reasons usually cited. The developments that led to graciles began about 40,000 years ago when hominin fossils reveal a distinctive trend towards physiological gracility. At that same time, a pronounced interest in female fecundity or sexuality began to be reflected in various forms of paleoart, such as figurines, pictograms, and petroglyphs of the Early Upper Paleolithic (Figure 1). A process of auto-domestication yielded less robust humans in every respect, who were subject to thousands of neuropathologies and various neurodegenerative disorders [11,30], to mental illnesses, brain atrophy, and consistent neotenization. Thus, the evidence suggests that the change from robust to gracile humans towards the end of the Pleistocene did not serve the teleology of human ascendancy but marks a significant deterioration of the human genome. For that reason alone, if for no other, it cannot result from evolution by natural selection. It was not a Darwinian process but one of Mendelian imperatives.



The auto-domestication hypothesis, which replaces the partially refuted replacement hypothesis, proposes that cultural practices had become so influential around forty millennia ago that factors attributable to learned behavior influenced mate choice. Mating imperatives are culturally governed, undeniably dominating sexual choice in present humans [37]. They must therefore have been introduced at some point in the past. Similarly, the modern human is the only animal with distinctive cultural mating preferences. These may involve not only personality traits but also anatomical qualities, including such cultural concepts as ‘attractiveness’ [38]. Again, it is self-evident that this must have been initiated at some point in our history. These preferences in mate selection are firmly ingrained in all known extant societies [39,40,41,42,43,44,45,46]. Another factor of interest is that our subspecies is the only mammal whose female attractiveness is often more important than male [39] and whose males appear to select mates. However, the mate selection strategies of humans are exceedingly intricate [47], and those of the distant past can only be conjectured.



Consistent selection of females based on cultural constructs of attractiveness, i.e., their neotenous appearance, has two effects. It will progressively select in favor of female neoteny, and such selective breeding will introduce domestication, at least partially replacing natural selection. The genes of robust humans were not replaced by an intrusive population from Africa but by individuals considered attractive who had more offspring. This trend is evident in all four continents occupied by hominins at that time. The fossil record confirms that female humans led the transition from robust to gracile types between 40,000 and 30,000 years ago [10,11,30]; males lagged many millennia behind females (Figure 2).



Two other relevant human characteristics are the loss of estrus in the female and the introduction of menopause. The latter is almost unique to humans, shared only with four cetaceans and possibly some primates [48]. Female fecundity ends with menopause, which may explain why Paleolithic societies would have attached importance to youthful female appearance deriving from neoteny [43]. While most of the universal preferences observed in the mate choice of modern humans seem to serve no processes of natural selection, youth does, in offering better procreative potential through more prolonged remaining fertility. Therefore, the illusion of youth inherent in neotenous characteristics may have contributed to the neotenization of final Pleistocene hominins and the effect of incidental auto-domestication. Similarly, the loss of estrus is probably a phenomenon of the domestication syndrome but could have a more extended history. Females who were receptive for longer periods would be expected to conceive more frequently than others and would be more likely to have been provisioned with protein and fat needed for successful and frequent pregnancies [49,50,51,52,53,54]. This does not contradict the “grandmother hypothesis” [55], which endeavors to explain the large fraction of post-fertile years women live [56,57].




3. Testing the Domestication Hypothesis


Testable hypotheses are assessed by subjecting them to falsification attempts. The human self-domestication theory can be checked by various strategies. For instance, one can establish the genetic markers suggesting domestication and then attempt their detection in the genomes of extant humans while verifying their absence in pre-domestication robust humans. When the domestication theory was first formalized in 2008, analyses of the human genome had begun, but no genetic markers of domestication were known. In the subsequent years, some data of this nature have gradually become available. It implicitly validates the auto-domestication hypothesis, which has garnered some supporters in recent years. Having been reviewed [58,59] and corroborated by others [60,61,62], it has emerged as a viable replacement of the replacement hypothesis. This is not surprising: the latter was based on a hoax by an archaeology professor in the 1970s [63,64], replete with fake datings of numerous human skeletal remains [11,65]. The refutation of one of its essential postulates that robusts and graciles were not interfertile has challenged it severely, and the domestication hypothesis has rendered it obsolete.



Dozens of overlapping genes have recently been revealed by selective sweeps in the genomes of modern humans and several domesticated mammalian species [4,66,67]. For instance, the domesticated horse shares seven genes with extant humans, cattle and humans share nine genes, and the cat and the dog share fifteen genes with us. Forty-one genes under positive selection have been identified, in extant humans and in one or more of the four domesticates that were considered in the study. That does not necessarily prove that domestication proceeded analogously in the five species. The circumstances of domestication can be assumed to have differed in each species affected by it. Nevertheless, the genes that have been established to be shared by domesticate animals and Homo sapiens sapiens suggest that the latter was subjected to changes resembling those experienced by mammalian domesticates. However, caution demands one to acknowledge that only some of these genes are shared across all five domesticates, while numerous genes are under selection in various domesticates but perhaps not in humans.



Of relevance is also that none of the 17,367 protein-coding genes found in the remains of two Neanderthals [68] is listed among those known to overlap between at least two domesticated species (SMG6, PLAC8L1, ADAMTS13, BRAF, RNPC3, SEC24A, CLEC5A, FAM172A, VEZT, NRG2, GRIK3, STK10, ATXN7L1, DCC, and TMEM132D). The pre-domestication status of Homo sapiens neanderthalensis appears to be confirmed by this finding. An earlier study sequencing the mitochondrial DNA genomes of dogs, wolves, and coyotes [69] had already found that nonsynonymous changes in mitochondrial genes have accumulated at a faster rate in dogs than in wolves. This seems to explain the extreme phenotypic diversity among dogs. Moreover, deleterious mutations have accumulated as a legacy of domestication in the form of a higher proportion of nonsynonymous alleles than non-functional genetic variation [70]. Like population bottlenecks and inbreeding, artificial selection increases deleterious genetic variation levels [71] rather than yield a superior new species as postulated by the replacement hypothesis for the first two variables. The increased burden of deleterious variants deriving from domestication is estimated to be 2–3% higher in dogs than grey wolves. A recent study compares whole-genome resequencing data from dogs, pigs, rabbits, chickens, silkworms, rice, and soybean with their wild progenitors [72]. It reports much lower genetic variation across a range of allele frequencies, but nonsynonymous amino acid changes are increased in all except one domestic species.



An alternative genetic approach to test the human auto-domestication hypothesis is to detect detrimental genes deriving from domestication in robust humans. Examples are the genes AUTS2 and CADPS2, involved in autism, and NRG1 and NRG3 (both schizophrenia), which were all not reported in ‘Neanderthals’ [73]. The microcephalin D allele was only established in the final Pleistocene, so it cannot have been present in robust humans [74]. Another contributor to microcephaly, the ASPM allele, only appeared in the mid-Holocene [75]. Genes RUNX2 and CBRA1, responsible for dental abnormalities and malformed clavicles, or the mutation THADA, causing type 2 diabetes, are also unlikely to predate human self-domestication. Indeed, natural selection cannot account for the many thousands of genetic disorders of modern humans (for instance, as of 2019, the molecular basis was known of 6328 Mendelian disorder phenotypes alone and 4017 genes with phenotype-causing mutation). Moreover, contrary to some views, other extant primates lack genetically based mental or neurodegenerative illnesses, so it is assumed that these were introduced at some point in hominin history. Natural selection would probably have selected against mutations disadvantaging their hosts severely [11,30]. Therefore, the accumulation of thousands of detrimental traits in extant humans suggests a suspension of Darwinian principles.



A crucial relevant development has been the discovery that the chromatin remodeler BAZ1B in neural stem cells controls the evolution of the modern human face [76]. Contrary to [28] and other alternatives proposed, neural stem cells are deeply involved in domestication [13]. The human face is the result of mild neurocristopathy, and the modelling of paleogenomic and in vitro sampling (Williams–Beuren Syndrome) provided a coherent explanation of the genetic mechanisms of domestication. Thus, the 7q11.23 region is relevant not only to neurodevelopment disease modelling but also to domestication genetics, where it confirms that human self-domestication did occur.




4. Conclusions


The human auto-domestication hypothesis postulates that its defining process began with relatively minor behavioral modifications. Towards the last quarter of the Late Pleistocene, human mating preferences previously unheard of in the animal kingdom developed gradually. Males acquired a preference for females of neotenous characteristics, perhaps as a response to menopause. In this, they overturned the hitherto universal principle that it is the females who, directly or indirectly, select mating partners. The consistent selective breeding introduced the domestication syndrome, self-reinforcing the trend in a feedback loop. This changed the human genome decisively and irreversibly within such a relatively short time (in the order of twenty millennia) that paleoanthropologists perceived the sudden appearance of a new species that must have come from ‘elsewhere’. Once the syndrome had been established, it replaced Darwinian natural selection with Mendelian principles as the primary agent of genetic changes. It introduced numerous, mostly deleterious traits that typify the human condition as we know it [11].



The significant neotenization defining extant humans results from the domestication syndrome’s pleiotropy [30]. Contrary to the views of some, domestication is indeed not defined by who does what to whom. In a scientific sense, it merely refers to mutations expressing traits of the domestication syndrome. The roles of the constellation of neoteny, estrus, menopause, and youth remain open to further possible explanations. However, the underlying principle that the domestication syndrome accounts for the change from robust to gracile hominins is proposed to have been soundly established.



The renewal this realization introduces in the field of human evolution may also facilitate enlivening new insights for that discipline. For instance, it has been consistently postulated that depigmentation is a response to the migration to northern latitudes and climates. Perhaps it is, but it could just as easily be a domestication reaction that was omitted as unfavorable in the low latitudes. Similarly, instead of our foot being an adaptation to upright walking, our erect locomotion could have been facilitated by the architecture of the neotenous foot. Indications of hominin neoteny can be traced back as far as Ardipithecus [77]. The human auto-domestication hypothesis also provides the academic cottage industry of predicting the human future with ample opportunities to develop new strands of reasoning, heralding as it does the accelerating and irreversible decline of the human genome.







Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The author declares no conflict of interest.




References


	



Green, R.E.; Krause, J.; Briggs, A.W.; Maricic, T.; Stenzel, U.; Kircher, M.; Patterson, N.; Li, H.; Zhai, W.; Fritz, M.H.; et al. A draft sequence of the Neandertal genome. Science 2010, 328, 710–722. [Google Scholar] [CrossRef][Green Version]

	



Reich, D.; Green, R.E.; Kircher, M.; Krause, J.; Patterson, N.; Durand, E.Y.; Viola, B.; Briggs, A.W.; Stenzel, U.; Johnson, P.L.; et al. Genetic history of an archaic hominin group from Denisova Cave in Siberia. Nature 2010, 468, 1053–1060. [Google Scholar] [CrossRef][Green Version]

	



Sankararaman, S.; Patterson, N.; Li, H.; Pääbo, S.; Reich, D. The date of interbreeding between Neandertals and modern humans. PloS Genet. 2012, 8, e1002947. [Google Scholar] [CrossRef][Green Version]

	



Prüfer, K.; Racimo, F.; Patterson, N.; Jay, F.; Sankararaman, S.; Sawyer, S.; Heinze, A.; Renaud, G.; Sudmant, P.H.; De Filippo, C.; et al. The complete genome sequence of a Neanderthal from the Altai Mountains. Nature 2014, 505, 43–49. [Google Scholar] [CrossRef][Green Version]

	



Sankararaman, S.; Mallick, S.; Dannemann, M.; Prüfer, K.; Kelso, J.; Pääbo, S.; Patterson, N.; Reich, D. The genomic landscape of Neanderthal ancestry in present day humans. Nature 2014, 507, 354–357. [Google Scholar] [CrossRef][Green Version]

	



Viegas, J. Ancient Human with 10% Neandertal Genes Found. 2015. Available online: https://www.seeker.com/ancient-human-with-10-percent-neanderthal-genes-found-1769961373.html (accessed on 15 June 2023).

	



Kuhlwilm, M.; Gronau, I.; Hubisz, M.J.; De Filippo, C.; Prado-Martinez, J.; Kircher, M.; Fu, Q.; Burbano, H.A.; Lalueza-Fox, C.; de La Rasilla, M.; et al. Ancient gene flow from early modern humans into eastern Neanderthals. Nature 2016, 530, 429–433. [Google Scholar] [CrossRef][Green Version]

	



Vernot, B.; Tucci, S.; Kelso, J.; Schraiber, J.G.; Wolf, A.B.; Gittelman, R.M.; Dannemann, M.; Grote, S.; McCoy, R.C.; Norton, H.; et al. Excavating Neandertal and Denisovan DNA from the genomes of Melanesian individuals. Science 2016, 352, 235–239. [Google Scholar] [CrossRef][Green Version]

	



Bednarik, R.G. Doing with less: Hominin brain atrophy. Homo—J. Comp. Human Biol. 2014, 65, 433–449. [Google Scholar] [CrossRef]

	



Bednarik, R.G. The domestication of humans. Anthropologie 2008, 46, 1–17. [Google Scholar]

	



Bednarik, R.G. The Human Condition; Springer: New York, NY, USA, 2011. [Google Scholar]

	



Hammer, K. Das Domestikationssyndrom. Kulturpflanze 1984, 32, 11–34. [Google Scholar] [CrossRef]

	



Wilkins, A.S.; Wrangham, R.W.; Fitch, W.T. The ‘domestication syndrome’ in mammals: A unified explanation based on neural crest cell behavior and genetics. Genetics 2014, 197, 795–808. [Google Scholar] [CrossRef][Green Version]

	



Wilson, P. The Domestication of the Human Species; Yale University Press: New Haven, CT, USA, 1988. [Google Scholar]

	



Hodder, I. The Domestication of Europe: Structure and Contingency in Neolithic Societies; Basil Blackwell: Oxford, UK, 1990. [Google Scholar]

	



Leach, H.M. Human domestication reconsidered. Curr. Anthr. 2003, 44, 349–368. [Google Scholar] [CrossRef]

	



Darwin, C. The Variation of Animals and Plants under Domestication; John Murray: London, UK, 1868; Volume 2. [Google Scholar]

	



Rindos, D. The Origins of Agriculture: An Evolutionary Perspective; Academic Press: Orlando, FL, USA, 1984. [Google Scholar]

	



Hölldobler, B.; Wilson, E.O. The Ants; Belknap: Cambridge, MA, USA, 1990. [Google Scholar]

	



Munkacsi, A.B.; Pan, J.J.; Villesen, P.; Mueller, U.G.; Blackwell, M.; McLaughlin, D.J. Convergent coevolution in the domestication of coral mushrooms by fungus-growing ants. Proc. Roy. Soc. B Biol. Sci. 2004, 271, 1777–1782. [Google Scholar] [CrossRef]

	



Mueller, U.G.; Gerardo, N.M.; Aanen, D.K.; Six, D.L.; Schultz, T.R. The evolution of agriculture in insects. Ann. Rev. Ecol. Evol. Syst. 2005, 36, 563–595. [Google Scholar] [CrossRef]

	



Boyd, R.; Richerson, P.J. The Origin and Evolution of Cultures; Oxford University Press: New York, NY, USA, 2005. [Google Scholar]

	



Richerson, P.J.; Boyd, R. Not by Genes Alone: How Culture Transformed Human Evolution; University of Chicago Press: Chicago, IL, USA, 2005. [Google Scholar]

	



Price, E.O. Animal Domestication and Behavior; CABI Publishing: New York, NY, USA, 2002. [Google Scholar]

	



Lord, K.A.; Larson, G.; Coppinger, R.P.; Karlsson, E.K. The history of farm foxes undermines the animal domestication syndrome. Trends Ecol. Evol. 2020, 35, 125–136. [Google Scholar] [CrossRef][Green Version]

	



Shilton, D.; Breski, M.; Dor, D.; Jablonka, E. Human social evolution: Self-domestication or self-control? Front. Psychol. 2020, 11, 1–22. [Google Scholar] [CrossRef]

	



Sánchez-Villagra, M.R.; van Schaik, C. Evaluating the selfdomestication hypothesis of human evolution. Evol. Anthropol. 2019, 28, 133–143. [Google Scholar] [CrossRef]

	



Gleeson, B.T.; Wilson, L.A.B. Shared reproductive disruption, not neural crest or tameness, explains the domestication syndrome. Proc. Roy. Soc. B 2023, 290, 20222464. [Google Scholar] [CrossRef]

	



Trut, L.; Oskina, I.; Kharlamova, A. Animal evolution during domestication: The domesticated fox as a model. BioEssays 2009, 31, 349–360. [Google Scholar] [CrossRef][Green Version]

	



Bednarik, R.G. The Domestication of Humans; Routledge: London, UK, 2020. [Google Scholar] [CrossRef]

	



Lacruz, R.S.; Stringer, C.B.; Kimbel, W.H.; Wood, B.; Harvati, K.; O’Higgins, P.; Bromage, T.G.; Arsuaga, J.-L. The evolutionary history of the human face. Nat. Ecol. Evol. 2019, 3, 726–736. [Google Scholar] [CrossRef][Green Version]

	



Ashley Montagu, M.F. An Introduction to Physical Anthropology; Thomas: Springfield, IL, USA, 1960. [Google Scholar]

	



De Beer, G.R. Embryos and Ancestors; Oxford University Press: Oxford, UK, 1940. [Google Scholar]

	



Bednarik, R.G.; Sreenathan, M. Traces of the ancients: Ethnographic vestiges of Pleistocene ‘art’. Rock Art Res. 2012, 29, 191–217. [Google Scholar]

	



Bednarik, R.G. Children as Pleistocene artists. Rock Art Res. 2008, 25, 173–182. [Google Scholar]

	



Bednarik, R.G. Exograms. Rock Art Res. 2014, 31, 47–62. [Google Scholar]

	



Buss, D.M.; Barnes, M.L. Preferences in human mate selection. J. Pers. Soc. Psychol. 1986, 50, 559–570. [Google Scholar] [CrossRef]

	



Laland, K.N. Sexual selection with a culturally transmitted mating preference. Theor. Popul. Biol. 1994, 45, 1–15. [Google Scholar] [CrossRef]

	



Ford, C.S.; Beach, F. Patterns of Sexual Behavior; Harper: New York, NY, USA, 1951. [Google Scholar]

	



Gregersen, G. Sexual Practices: The Story of Human Sexuality; F. Watts: New York, NY, USA, 1983. [Google Scholar]

	



Buss, D.M.; Abbott, M.; Angleitner, A.; Asherian, A.; Biaggio, A.; Blanco-Villasenor, A.; Bruchon-Schweitzer, M.; Ch’u, H.Y.; Czapinski, J.; Deraad, B.; et al. International preferences in selecting mates: A study of 37 societies. J. Cross Cult. Psychol. 1990, 21, 5–47. [Google Scholar] [CrossRef][Green Version]

	



Grammer, K.; Thornhill, R. Human facial attractiveness and sexual selection: The role of symmetry and averageness. J. Comp. Psychol. 1994, 108, 233–242. [Google Scholar] [CrossRef]

	



Jones, D.M. Sexual selection, physical attractiveness and facial neoteny: Cross-cultural evidence and implications. Curr. Anthropol. 1995, 36, 723–748. [Google Scholar] [CrossRef][Green Version]

	



Jones, D.M. An evolutionary perspective on physical attractiveness. Evol. Anthropol. 1996, 5, 97–109. [Google Scholar] [CrossRef]

	



Shackelford, T.K.; Larsen, R.J. Facial asymmetry as an indicator of psychological, emotional, and physiological distress. J. Personal. Soc. Psychol. 1997, 72, 456–466. [Google Scholar] [CrossRef]

	



Barkow, J.H. Universals and evolutionary psychology. In Universals and Constructivism; Hejl, P.M., Ed.; Suhrkamp Verlag: Frankfurt, Germany, 2001; pp. 126–138. [Google Scholar]

	



Buss, D.M.; Schmitt, D.P. Mate preferences and their behavioral manifestations. Ann. Rev. Psychol. 2019, 70, 23.1–23.34. [Google Scholar] [CrossRef][Green Version]

	



Walker, M.L.; Herndon, J.G. Menopause in nonhuman primates? Biol. Reprod. 2008, 79, 398–406. [Google Scholar] [CrossRef][Green Version]

	



Lovejoy, C.O. The origin of man. Science 1981, 211, 341–350. [Google Scholar] [CrossRef]

	



Leonard, W.R.; Robertson, M.L. Nutritional requirements and human evolution: A bioenergetics model. Amer. J. Human Biol. 1992, 4, 179–195. [Google Scholar] [CrossRef]

	



Leonard, W.R.; Robertson, M.L. Comparative primate energetics and hominid evolution. Amer. J. Phys. Anthropol. 1997, 102, 265–281. [Google Scholar] [CrossRef]

	



Biesele, M. Women like Meat. In The Folklore and Foraging Ideology of the Kalahari Ju/’Hoan; Witwatersrand University Press: Johannesburg, South Africa, 1993. [Google Scholar]

	



Aiello, L.C.; Wheeler, P. The expensive-tissue hypothesis: The brain and the digestive system in human and primate evolution. Curr. Anthropol. 1995, 36, 199–221. [Google Scholar] [CrossRef]

	



Leonard, W.R. Food for thought: Dietary change was a driving force in human evolution. Sci. Am. 2002, 287, 106–115. [Google Scholar] [CrossRef]

	



Williams, G.C. Pleiotropy, natural selection, and the evolution of senescence. Evolution 1957, 11, 398–411. [Google Scholar] [CrossRef]

	



Hawkes, K. The centrality of ancestral grandmothering in human evolution. Integr. Comp. Biol. 2020, 60, 765–781. [Google Scholar] [CrossRef]

	



Paquin, D.; Kato, D.; Kim, P. A mathematical model for the effects of grandmothering on human longevity. Math. Biosci. Eng. 2020, 17, 3175–3189. [Google Scholar] [CrossRef]

	



Thomas, J.G. Self-Domestication and Language Evolution. Ph.D. thesis, Linguistics and English Language School of Philosophy, Psychology and Language Sciences, University of Edinburgh, Edinburgh, UK, 2013. [Google Scholar]

	



Eckhardt, R.B.; Henneberg, M. Foreword. In The Domestication of Humans; Bednarik, R.G., Ed.; Routledge: Abingdon, VI, USA; New York, NY, USA, 2020; pp. xi–xvi. [Google Scholar]

	



Benítez-Burraco, A.; Lattanzi, W.; Murphy, E. Language impairments in ASD resulting from a failed domestication of the human brain. Front. Neurosci. 2016, 10, 373. [Google Scholar] [CrossRef][Green Version]

	



Benítez-Burraco, A.; Theofanopoulou, C.; Boeckx, C. Globularization and domestication. Topoi 2016, 37, 265–278. [Google Scholar] [CrossRef][Green Version]

	



Theofanopoulou, C.; Gastaldon, S.; O’Rourke, T.; Samuels, B.D.; Messner, A.; Martins, P.T.; Delogu, F.; Alamri, S.; Boeckx, C. Self-domestication in Homo sapiens: Insights from comparative genomics. PLoS ONE 2017, 12, e0185306. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Terberger, T.; Street, M. Jungpaläolithische Menschenreste im westlichen Mitteleuropa und ihr Kontext. In Erkenntnisjäger: Kultur und Umwelt des frühen Menschen; Burdukiewicz, J.M., Fiedler, L., Heinrich, W.-D., Justus, A., Brühl, E., Eds.; Veröffentlichungen des Landesamtes für Archäologie Sachsen-Anhalt, Vol. 57/2; Landesmuseum für Vorgeschichte: Halle, Germany, 2003; pp. 579–591. [Google Scholar]

	



Schulz, M. Die Regeln mache ich. Spiegel 2004, 34, 128–131. [Google Scholar]

	



Bednarik, R.G. The mythical Moderns. J. World Prehist. 2008, 21, 85–102. [Google Scholar] [CrossRef]

	



Racimo, F. Testing for ancient selection using cross-population allele frequency differentiation. Genetics 2016, 202, 733–750. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Peyrégne, S.; Boyle, M.J.; Dannemann, M.; Prüfer, K. Detecting ancient positive selection in humans using extended lineage sorting. Genome Res. 2017, 27, 1563–1572. [Google Scholar] [CrossRef][Green Version]

	



Castellano, S.; Parra, G.; Sánchez-Quinto, F.A.; Racimo, F.; Kuhlwilm, M.; Kircher, M.; Sawyer, S.; Fu, Q.; Heinze, A.; Nickel, B.; et al. Patterns of coding variation in the complete exomes of three Neandertals. Proc. Nat. Acad. Sci. USA 2014, 111, 6666–6671. [Google Scholar] [CrossRef]

	



Björnerfeldt, S.; Webster, M.T.; Vilà, C. Relaxation of selective constraint on dog mitochondrial DNA following domestication. Genome Res. 2006, 16, 990–994. [Google Scholar] [CrossRef][Green Version]

	



Cruz, F.; Vilà, C.; Webster, M.T. The legacy of domestication: Accumulation of deleterious mutations in the dog genome. Mol. Biol. Evol. 2008, 25, 2331–2336. [Google Scholar] [CrossRef][Green Version]

	



Marsden, C.D.; Ortega-Del Vecchyo, D.; O’Brien, D.P.; Taylor, J.F.; Ramirez, O.; Vilà, C.; Marques-Bonet, T.; Schnabel, R.D.; Wayne, R.K.; Lohmueller, K.E. Bottlenecks and selective sweeps during domestication have increased deleterious genetic variation in dogs. Proc. Nat. Acad. Sci. USA 2016, 113, 152–157. [Google Scholar] [CrossRef]

	



Makino, T.; Rubin, C.J.; Carneiro, M.; Axelsson, E.; Andersson, L.; Webster, M.T. Elevated proportions of deleterious genetic variation in domestic animals and plants. Genome Biol. Evol. 2018, 10, 276–290. [Google Scholar] [CrossRef][Green Version]

	



Voight, B.F.; Kudaravalli, S.; Wen, X.; Pritchard, J.K. A map of recent positive selection in the human genome. PLoS Biol. 2006, 4, e72. [Google Scholar]

	



Evans, P.D.; Gilbert, S.L.; Mekel-Bobrov, N.; Vallender, E.J.; Anderson, J.R.; Vaez-Azizi, L.M.; Tishkoff, S.A.; Hudson, R.R.; Lahn, B.T. Microcephalin, a gene regulating brain size, continues to evolve adaptively in humans. Science 2005, 309, 1717–1720. [Google Scholar] [CrossRef] [PubMed]

	



Mekel-Bobrov, N.; Gilbert, S.L.; Evans, P.D.; Vallender, E.J.; Anderson, J.R.; Tishkoff, S.A.; Lahn, B.T. Ongoing adaptive evolution of ASPM, a brain size determinant in Homo sapiens. Science 2005, 309, 1720–1722. [Google Scholar] [CrossRef]

	



Zanella, M.; Vitriolo, A.; Andirko, A.; Martins, P.T.; Sturm, S.; O’Rourke, T.; Laugsch, M.; Malerba, N.; Skaros, A.; Trattaro, S.; et al. 7q11. 23 syndromes reveal BAZ1B as a master regulator of the modern human face and validate the self-domestication hypothesis. bioRxiv 2019, 570036. [Google Scholar] [CrossRef][Green Version]

	



Clark, G.; Henneberg, M. Ardipithecus ramidus and the evolution of language and singing: An early origin for hominin vocal capability. Homo—J. Comp. Human Biol. 2017, 68, 101–121. [Google Scholar] [CrossRef] [PubMed]








[image: Encyclopedia 03 00067 g001 550] 





Figure 1. Some depictions of females or their genitalia of the Aurignacian and Gravettian, from (a) Galgenberg, (b) Willendorf, (c) Hohle Fels, (d) Chauvet Cave, (e) Avdeevo, (f) Abri Cellier, and (g) La Ferrassie. Reprinted from [30], © Robert G. Bednarik. 
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Figure 2. Male and female relative cranial robusticity/gracility in Europe during the final Pleistocene. Reprinted from [30], © Robert G. Bednarik. 
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