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Nocturnal selective pressures on
the evolution of human musicality
as a missing piece of the
adaptationist puzzle

Marco Antonio Correa Varella*

Department of Experimental Psychology, Institute of Psychology, University of Sao Paulo, Sdo Paulo,
Brazil

Human musicality exhibits the necessary hallmarks for biological adaptations.
Evolutionary explanations focus on recurrent adaptive problems that human
musicality possibly solved in ancestral environments, such as mate selection
and competition, social bonding/cohesion and social grooming, perceptual and
motor skill development, conflict reduction, safe time-passing, transgenerational
communication, mood regulation and synchronization, and credible signaling of
coalition and territorial/predator defense. Although not mutually exclusive, these
different hypotheses are still not conceptually integrated nor clearly derived from
independent principles. | propose The Nocturnal Evolution of Human Musicality
and Performativity Theory in which the night-time is the missing piece of the
adaptationist puzzle of human musicality and performing arts. The expansion of
nocturnal activities throughout human evolution, which is tied to tree-to-ground
sleep transition and habitual use of fire, might help (i) explain the evolution of
musicality from independent principles, (i) explain various seemingly unrelated
music features and functions, and (iii) integrate many ancestral adaptive values
proposed. The expansion into the nocturnal niche posed recurrent ancestral
adaptive challenges/opportunities: lack of luminosity, regrouping to cook before
sleep, imminent dangerousness, low temperatures, peak tiredness, and concealment
of identity. These crucial night-time features might have selected evening-oriented
individuals who were prone to acoustic communication, more alert and imaginative,
gregarious, risk-taking and novelty-seeking, prone to anxiety modulation,
hedonistic, promiscuous, and disinhibited. Those night-time selected dispositions
may have converged and enhanced protomusicality into human musicality by
facilitating it to assume many survival- and reproduction-enhancing roles (social
cohesion and coordination, signaling of coalitions, territorial defense, antipredatorial
defense, knowledge transference, safe passage of time, children lullabies, and
sexual selection) that are correspondent to the co-occurring night-time adaptive
challenges/opportunities. The nocturnal dynamic may help explain musical features
(sound, loudness, repetitiveness, call and response, song, elaboration/virtuosity, and
duetting/chorusing). Across vertebrates, acoustic communication mostly occurs
in nocturnal species. The eveningness chronotype is common among musicians
and composers. Adolescents, who are the most evening-oriented humans, enjoy
more music. Contemporary tribal nocturnal activities around the campfire involve
eating, singing/dancing, storytelling, and rituals. | discuss the nocturnal integration
of musicality’s many roles and conclude that musicality is probably a multifunctional
mental adaptation that evolved along with the night-time adaptive landscape.
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1. Introduction

For the last 30years, evolutionary psychology (EP) has advanced the
comprehension of the evolved nature of human cognition (Schmitt and
Pilcher, 2004; Tooby, 2020; Nettle and Scott-Phillips, 2023). However, its
evolved temporal dynamicity (i.e., the daily and seasonal timings of
cognitive functioning) has received little attention. The same happens in
the literature on animal ornaments and primate vocalization (Hau et al,,
2017; Piel, 2018). Most temporal concern in EP focuses on life-history
development (Webster etal,, 2014; Figueredo etal., 2021) or the menstrual
cycle (Gildersleeve et al, 2014). Nevertheless, a comprehensive
‘Evolutionary Chronopsychology’ is needed, integrating EP and
chronopsychology (Putilov, 2021), in which the seasonal, monthly, and
circadian rhythms are also considered as evolved temporal signatures of
mental adaptations integrated into the underlying chronobiological
patterns of neural and endocrine systems. Early ethologists knew that
“Behavior must occur not only in the right place and with the right
orientation but also at the right moment. Quite generally, releasing
mechanisms, whether innate or acquired, are programmed so as to set off
adequate behavior at the teleonomically correct time” (Lorenz, 1981,
p.231).

There is heuristic value in considering the evolved temporal
dimension of cognition. Jonason et al. (2013) predicted and found that
individuals with high dark-triad personality (Machiavellianism,
psychopathy, and narcissism) are evening-oriented because the nocturnal
context favors the expression of such self-centered/antisocial tendencies.
Their cognitive niche hypothesis has been corroborated (Akram et al., 2019;
Porfirio and Varella, 2022). Similarly, Varella et al. (2021) predicted that
evening-oriented individuals would be less compliant with the COVID-19
pandemic safety guidelines based on evolutionary consideration of some
recurrent nocturnal challenges/opportunities (dangerousness, peak
tiredness, and concealment of identity) and how it might have amplified
risk-taking and rule-breaking tendencies in evening-oriented individuals.
Their eveningness epidemiological liability hypothesis has been
corroborated (Li, 2022). In general, phenotypic correlations between
psychological traits show significant and substantial genetic mediation
and the individual variation of psychological traits that have been studied
shows significant and substantial genetic influence (Polderman et al.,
2015; Plomin et al,, 2016); thus, the genetic basis necessary for those
evolutionary propositions is plausible.

Here, 1 apply the evolutionary perspective to the temporal
dimension of human musicality, connecting evolutionary musicology
(Wallin, 1991; Brown et al., 2000; Fitch, 2015) with evolutionary
chronopsychology. The heuristic value of this endeavor might help
advance and integrate the evolutionary debate concerning musicality.
First, I outline definitions and the confluence of evidence indicating
the evolved and multifunctional nature of human musicality. Then,
I present the ancestral adaptive explanations for musicality stressing
that they are not mutually exclusive, conceptually integrated, or clearly
derived from independent principles. I fill this gap by proposing that
the night-time selective landscape is the missing piece of the
adaptationist puzzle of human musicality.

I put forward the Nocturnal Evolution of Human Musicality and
Performativity Theory (NEHMPT). I provide evidence for the evolved
expansion of human nocturnal activities and argue that the recurrent
night-time ancestral adaptive challenges/opportunities (i.e., lack of
luminosity, low temperatures, regroup to cook before sleep, dangerousness,
peak tiredness, and easy concealment of identity) might have molded
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human musicality from ape-like protomusicality, in relation to the
concomitant nocturnal ecosocial contexts. I present and discuss the
nocturnal signatures of musicality. I hope to (i) explain why humans
are more musical than other great apes, (ii) explain the evolution of
musicality from independent principles, (iii) explain and interrelate the
various seemingly unconnected features/functions of musicality, and
(iv) integrate different ancestral adaptive values proposed (knowledge
transference, social cohesion, signaling of coalitions, territorial/
antipredatorial defense, safe passage of time, children lullaby, and
sexual selection). I expand on previous attempts to relate the night-
time with the evolution of musicality (Jordania, 2011; Putilov, 2014;
Nowell, 2018; Varella and Valentova, 2023) and on previous attempts
to synthesize existing adaptive hypotheses into a comprehensive
evolutionary framework for human musicality (Savage P. et al,, 2021).

1.1. Evolved propensities to develop a
multifaceted musical cognition

Musicality has many meanings, such as a potential/propensity/
predisposition, a universal capacity/ability, or an individual difference
aptitude/talent for music engagement (Hallam, 2006). It can
be understood as the species-specific propensity (i.e., genotypic or
“potential” musicality) to ontogenetically develop an integrated set of
broad musically related psychological capacities (phenotypic or
“operational” musicality), including general capacities (e.g., auditory
scene analysis, creativity, play, emotional recognition, and language),
and the narrow musically specific melodic/harmonic and rhythmic
cognition, subdivided into cognitive capacities for musical production
(creation and imitation), musical discrimination, appreciation and
memorization, and musical motivations (cf. Peretz and Coltheart,
2003; Jackendoff and Lerdahl, 2006; Bispham, 2009; Honing et al.,
2015a; Leongomez et al., 2022). Music, as the sociocultural product of
musical behavior and evocated/enabled by musical capacities/
propensities, can be defined as mostly acoustic communication that
intentionally uses variations in pitch, contour, rhythm, tempo, timbre,
and volume in a combined and organized way according to an internal
generative grammar forming harmonized and rhythmic melodies
exploring repetition, modifications and expectation through the use
of voice, body, and/or instruments leading to intense and shared
esthetic and emotional reactions (cf. Jackendoff and Lerdahl, 2006;
Peretz, 2006; Mithen, 2009; Honing et al., 2015a; Mehr et al.,, 2021;
Savage P. E. et al., 2021). Music is a costly activity of sound-focused
elaboration that produces an extraordinary and esthetically crafted
sonic temporal sequence and engaging performance that attracts
attention and inspires engagement and esthetic evaluations aligned
with emotional and interpersonal reactions (Dissanayake, 2008;
Varella et al, 2011, 2012, 2017). Beyond sound, other multimodal
factors comprise musical activities, such as the visual self-presentation
and movements of those musically engaged, including dancing, and
the related linguistic and socio-historic aspects of music (Miller, 2000;
Cross and Morley, 2002, 2008; Dissanayake, 2008; Fink et al., 2021).

Figure 1 organizes the evolution and development and represents
the relationship between musical propensity, capacity, behavior,
and product.

Evolutionary musicology approaches human musicality
phylogenetically and (non)adaptively (Wallin, 1991; Brown et al.,
2000; Fitch, 2015). For evolutionary psychological purposes, the focus
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is on the operational cognitive traits and their corresponding
genotypic propensity, not so much on manifested behavior or its
products (Honing and Ploeger, 2012; Varella et al., 2013, 2017). Some
authors consider musical behavior as a recent by-product of mostly
preexisting general (not music-specific) cognitive capacities that
evolved because of other-than-musical reasons (Spencer, 1875; Pinker,
1997; Patel, 2018). In fact, musical activities recruit many general
capacities (e.g., attention, creativity), but there are also many music
specificities (Peretz and Coltheart, 2003; Samson et al., 2009; Zatorre,
2015) that require their own conjoint evolutionary explanations.

Moreover, the individual variation in human musicality per se has a
considerable genetic component: between 44 and 90% of the individual
variation on musical ability is inherited (Coon and Carey, 1989), between
71 and 80% of the individual variation on pitch discrimination is inherited
(Drayna et al., 2001), between 38 and 51% of the individual variation on
musical aptitude, and between 9 and 57% of music achievement is
inherited (Mosing et al., 2015). As for musical ability, the individual
variance in musical practice also is substantially heritable (40-70%), and
the association between both practice and ability is predominantly genetic
(Mosing et al., 2014). Furthermore, a genome-wide association study has
identified 69 genetic variants that influence variation in self-reported beat
synchronization ability (Niarchou et al., 2022). Some musically related
genetic variations are in chromosomes 4, 8, 12, and 17 (Tan et al., 2014).
Importantly, the polygenic score for rhythmicity predicts melodic
capacities and music-related outcomes but does not predict traits that are
not directly related to music (Wesseldijk et al., 2022), suggesting that there
is specificity and inherited individual variation which are necessary for
there is selection to operate (Croston et al., 2015).

Furthermore, a nomological network of converging empirical
evidence (Schmitt and Pilcher, 2004) has been assembled strongly
indicating that human musicality exhibits the necessary hallmarks for
biological adaptations (see Table 1). Human musicality has homologous
precursors, adaptive convergence with songs of other species, antiquity,
universality (across history, cultures, and individuals), heritability,
precocity, standard ontogeny; and intrinsic motivation; it conveys pleasure
and emotion, and exhibits complex cognitive modularity and neurological
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organization; it is beneficial to health, sexual, and psychological domains;
and it is associated with social roles and cultural importance (Miller, 2000;
Huron, 2001; Cross and Morley, 2002, 2008; Peretz, 2006; Dissanayake,
2008; Varella et al., 2010; Honing and Ploeger, 2012; Mehr et al., 2021).
Opverall, the full account of human musicality requires consideration of
primordial acoustic/sonic capacities (precursors), ancient music-specific
secondary adaptations, and recent cooptation of non-musical capacities
within cultural dynamics (Varella et al,, 2012; Trainor, 2021).

1.2. Ancestral adaptive values of human
musicality

The inquiry about the evolution of musicality is legitimate and
remains open to debate and investigation (Kalinowski et al., 2021; Mehr
etal, 2021; Savage P et al,, 2021; Savage P. E. et al., 2021). Since Darwin
and Spencer initially discussed it (Kleinman, 2015), evolutionary
theorizations about musicality have improved and diversified. Many
empirical articles (e.g., Hagen and Bryant, 2003; Varella et al,, 2010,
2022; Pearce et al., 2016), review articles (e.g., Hauser and McDermott,
2003; Fitch, 2006; Snowdon et al., 2015; Killin, 2018; Fink et al., 2021),
books (e.g., Wallin et al., 2000; Mithen, 2005; Ball, 2010; Morley, 2013;
Honing, 2018), and special issues (Peretz, 2006; Honing et al., 2015b;
Nikolsky and Perlovsky, 2020) have been published, including guiding
principles to improve/advance the field (Honing and Ploeger, 2012;
Fitch, 2015; Merker et al., 2015; Currie and Killin, 2016).

The proposed evolutionary hypotheses are focused on different
recurrent adaptive problems that human (proto)musicality possibly
solved on ancestral environments: mate attraction/bonding and
intrasexual competition (e.g., Darwin, 1871; Zahavi and Zahavi, 1999;
Miller, 2000; Varella et al., 2017, 2022), group cohesion and social
bonding (e.g., Brown, 2000; Dissanayake, 2008; Launay et al., 2016;
2003;
Dissanayake, 2008; Mehr et al., 2021; Savage P. et al., 2021), mood/

Savage P et al., 2021), mother-infant bonding (e.g., Trehub,

emotional induction/regulation and synchronization (Eibl-Eibesfeldt,
1989; Snowdon et al., 2015), coalitional signaling (Hagen and Bryant,
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TABLE 1 Compilation of the 15 types of cross-disciplinary pieces of evidence pointing to the probable evolved status of music propensities and
capacities.

Roles and cultural = Roles and cultural | Roles and cultural | Cultural importance

importance importance importance

Neural Neural Neural Neural

specialization specialization specialization specialization

Adaptive Adaptive Adaptive

convergence convergence convergence

Cognitive Cognitive Cognitive
modularity modularity modularity

Adaptive convergence = Adaptive Adaptive Adaptive
convergence convergence convergence
Cognitive Cognitive
modularity modularity

Cultural Roles and cultural

importance importance

Neural Neural Neural

specialization specialization specialization

e e N N T S N N R

Highly positive Highly positive and Highly positive
and rewarding rewarding and rewarding

Homology of

Homology of

precursors precursors

2003; Mehr et al., 2021), territorial/predator defense (Hagen and
Hammerstein, 2009; Jordania, 2011; Hagen, 2022), group effort,
perceptual and motor skill development, safe time-passing,
transgenerational communication (Huron, 2001), conflict reduction,
and social tolerance (Huron, 2001; Fukui and Toyoshima, 2023).
Twenty years ago, there was a ‘lack of empirical evidence’ and ‘little
basis’ on which to distinguish among the various evolutionary
hypotheses about human musicality (Hauser and McDermott, 2003).
Despite the empirical advances (e.g., Loersch and Arbuckle, 2013;
Marin and Rathgeber, 2022), it is still ‘premature’ and ‘unjustified’ to
rule out alternative hypotheses (Bowling et al., 2021). More empirical
testing is required, and there is a still need for theoretical development.

1.3. The issue of integrating the
evolutionary explanations for musicality
and its functions

Different accounts for the evolution of musicality rely on one or a
few major factors influencing the hominin evolution (i.e., since the
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Pan and human lineage separated 6-8 Ma [Megaanni; million years]
ago, Langergraber et al., 2012). Miller (2000) stressed the increase in
brain size and monogamy; Merker (1999, 2021), the necessity of
attracting exogamously migrating females; Dissanayalke (2008), Mehr
etal. (2021) and Leongomez et al. (2022), the increase in immaturity
and dependence of human offspring; Launay et al. (2016), Fink et al.
(2021), and Savage P. et al. (2021), the increase in group size and a
‘bonding gap’ in human sociality; Jordania (2011) and Hagen (2022)
emphasized the increase in predation risk and intergroup conflict; and
Benitez-Burraco and Nikolsky (2023) focused on self-domestication.
Because those factors were recurrent and ancient enough during
hominin evolution, their effects are likely complementary. This makes
most of the evolutionary explanations for human musicality
non-exclusive and mutually compatible (Menninghaus, 2019; De
Tiege et al., 2021).

As human musicality is closely related to acoustic
communications in other animals (Miller, 2000; Hauser and
McDermott, 2003; Fitch, 2006; Snowdon et al., 2015; Honing, 2018),
it might also serve the adaptive functions found in other animals’
signals, i.e., courtship displays and mate-bonding, ritualized combat,
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territorial defense/advertisement, coalitional displays, social
bonding, and group-cohesion signaling (De Tiege et al, 2021).
Furthermore, human musicality plays many important roles not
restricted to signaling, indicating it might have accumulated
concomitant adaptive values. The functioning of human musicality
delivers (1) health, (2) psychological, (3) sexual, and (4) social
benefits: (1) Music listening alleviates pain, diminishes stress and
anxiety, reduces blood glucose, boosts immunity, and increases the
quality of post-operatory, pregnancy, childbirth, and the health of
the newborn baby (North and Hargreaves, 2008; Finn and Fancourt,
2018; McCaffrey et al,, 2020); (2) listening to music makes people
more positive, more alert, and focused on the present (Sloboda et al.,
2001), and it also counteracts insomnia, improves sleep onset,
latency, and quality (Feng et al., 2018). Despite that individuals who
self-select musical training tend to have better cognitive and
academic performance at baseline, musical training has a small but
positive impact on cognitive skills and academic achievement
(Roméan-Caballero et al., 2022). Musical training seems to enhance
verbal intelligence and executive function (Schellenberg, 2004, 2011;
Moreno et al., 2011), phonological awareness (Gordon et al., 2015),
verbal working and long-term memories (Ho et al., 2003; Franklin
etal., 2008), language development, literacy, numeracy, intelligence,
general attainment, creativity, fine motor coordination,
concentration, self-confidence, emotional sensitivity, social skills,
teamwork, self-discipline, and relaxation (Hallam, 2010); (3)
listening to music makes women find men more attractive and
increases mens and women’s desire to date other-sex target
individuals (May and Hamilton, 1980; Marin et al., 2017; Chang
etal, 2021; Marin and Rathgeber, 2022). The ability to sing, play a
musical instrument, or dance is considered attractive in a mate
(Weege et al., 2012; Charlton, 2014; Wade et al., 2015; Roder et al.,
2016; Bongard et al., 2019; Valentova et al., 2019). Dancing with
someone is perceived as an effective flirting tactic (Wade et al., 2021;
Kennair et al., 2022). Music is sometimes present in individuals’
sexual fantasies (Lehmiller, 2018), it enhances feelings of sexual
arousal when paired with a consensual sex story (Wan and
Lalumiere, 2017), and it has been effectively used in ‘sex playlists’
during sexual activities (Van Bohemen et al., 2018) and in couple/
sexual therapies (Duba and Roseman, 2012; Micoogullari et al.,
2021); (4) music functions as a way to express emotions, get esthetic
enjoyment, entertain, communicate, represent symbolically, manage
self-identity/self-awareness/mood/interpersonal  relationships,
coordinate action, enforce social norms, validate social institutions
and rituals, contribute to continuity/stability of culture, and
contribute to integration of society (Merriam, 1964; Hargreaves and
North, 1999; Schifer et al., 2013; Clayton, 2016). Thus, far from
being useless, musicality offers many evolutionarily relevant benefits.

The different evolutionary hypotheses for musicality and its
multifunctional nature are still not conceptually integrated. De Ticge
etal. (2021) offer an animal signaling theory as a unifying framework
for the multifunctional communicative nature of human musicality and
artisticality (c¢f. Zahavi and Zahavi, 1999; Miller, 2000; Varella et al,
2011; Fink et al., 2021). More restricted to musicality and to mother—
offspring and intergroup interactions, Mehr et al. (2021) have also
employed signaling theory to propose an account that human musicality
evolved as a credible signaling device indicating parental attention and
coalitional quality. Savage P. et al. (2021) proposed an overarching social
bonding function of musicality connecting mother-offspring bonding,
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romantic pair bonding, and in-group bonding. Others have explained
the multiple functions of musicality as a fortuitous sequence of
co-optations/exaptations to perform new functions followed by new
selection (e.g., Trainor, 2015; Garfinkel, 2018; Dubourg et al., 2021).

I integrate these models by arguing that human musicality is
multifunctional because the need and situation for accomplishing most
of those functions were recurrently co-occurring during night-time.

1.4. The issue of deriving the design
features and functions of musicality from
independent principles

The explanations for the design features and functions of
musicality should rely on processes/regularities external to music
cognition per se. The musical capacities and functions should
be derived from independent principles (Pinker, 2005), the same way
the designs and functions of the human eye and the human cochlea
correspondent to the optics and acoustic principles, respectively (cf-
Pinker, 1997, 2005; Trainor, 2015).

Pinker (2005) argued that the proposed adaptive functions for
musicality (e.g., group cohesion) are circular and consequently not
proper explanations because they do not rely on a set of principles
independent of the part of our psychology being explained. According
to him, such an explanation only begs the question of why harmonically
and rhythmically organized sound sequences should in principle foster
group cohesion. “Generating and sensing sequences of sounds is not
an independently motivated solution to the problem of maintaining
group solidarity, in the way that, say, the emotion of empathy, or a
motive to punish free riders, is part of such a solution” (p. xv).

Here, I suggest that the night-time features (i.e., lack of luminosity,
low temperatures, regrouping to cook before sleep, dangerousness,
peak tiredness, and concealment of identity) are the independent
principles necessary to a new comprehensive evolutionary
understanding of human musicality.

1.5. Tree-to-ground sleep transition, fire,
and the expansion toward the nocturnal
niche

The common ancestor of all primates was likely nocturnal, and
apes are considered as cathemeral (i.e., activity not restricted to a
particular time of day or night) (Wu et al., 2017). Male Orangutans in
captivity perform premeditated nocturnal long calls (Samson et al.,
2014). Wild Chimpanzees exhibit episodes of rain-dancing, pant-hoot
chorusing, or “carnival displays” that can last from hours to the whole
night (Dufour et al., 2015; Merker et al., 2015). During night-time,
Chimpanzees can play (Tagg et al., 2018), feed, vocalize, travel, and
mate (Anderson et al., 2019), taking 1.8% of their awake activity (Tagg
etal, 2018). Interestingly, at night-time, Chimpanzees perform twice
as many long-distance vocalizations as social proximity calls (Pruetz,
2018). Every night, and at a rate of almost twice an hour, Chimpanzees
perform such long-distance communication maintaining contact with
those traveling nearby (Zamma, 2014; Pruetz, 2018). This indicates a
tendency for loud nocturnal vocalizations in Chimpanzees.

Importantly, there is a spontaneous inclination toward some level
of rhythmic synchronization and entrainment in chimpanzees
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(Hattori et al, 2013) and bonobos (Large and Gray, 2015).
Spontaneous drumming is also found in Chimpanzees (Arcadi et al,
1998; Dufour et al., 2015). Finally, Chimpanzees prefer consonant
music (Sugimoto et al,, 2009) and African and Indian traditional
music over silence (Mingle et al., 2014); human instrumental music
seems to increase affiliative behavior in captive Chimpanzees, while
vocal music seems to decrease their agonistic behavior (Videan et al.,
2007). Thus, the common ancestor between the pan and the hominin
lineage (6-8Ma ago, Langergraber et al., 2012) likely exhibited a
tendency toward nocturnal vocalizations in this much older basic
protomusicality, which was later ‘upgraded’ in hominin ancestors
during Pleistocene.

Primate lineages rapidly adapt their circadian pattern to diurnal
or nocturnal niches (Ankel-Simons and Rasmussen, 2008). During
hot days and maize season, Chimpanzees expand their nocturnal
activities after twilight feeding from the unguarded crops (Lacroux
et al., 2022). This general ape-like flexible and occasional evening-
oriented behavior could have enabled ancestral hominins’ adaptability
(Tagg et al,, 2018). Furthermore, ancient humans were selected for the
nocturnal niche beyond the basic ape-like evening orientation
(Coolidge and Wynn, 2006).

Humans have a uniquely evolved sleep pattern, suggesting an
ancestral selective pressure to rapidly accomplish sleep necessities
(Nunn and Samson, 2018). Human sleep is shorter, deeper, and
without much movement and exhibits more occasions of REM sleep
making it more efficient (improving memory consolidation and
insightful problem solving while dreaming) and freeing the evening
for socialization (Coolidge and Wynn, 2006; Samson and Nunn, 2015;
Nunn et al., 2016; Nunn and Samson, 2018). Based on variation across
primates, humans should sleep 9.55h but actually sleep 7h on average
worldwide, making us a phylogenetic outlier (Nunn and Samson,
2018). Given that in Central Africa, the sun sets approximately at
18:00 and rises at 6:00, humans waking up at sunrise, even without a
noon nap, could have had some 5h awake after sunset (30% of the
awake time). The tree-to-ground sleep transition (Coolidge and
Wynn, 2006; Samson and Nunn, 2015; Fruth et al., 2018), predation
risk (Samson, 2021), and use of fire (Coolidge and Wynn, 2006;
Samson and Nunn, 2015; Fruth et al., 2018; Killin, 2018) represent
significant evolutionary factors concerning the expansion of human
evening activities setting the stage for unique subsequent
evolutionary changes.

Early Homo erectus might have opportunistically and sporadically
made use of fire as early as 1.6 Ma ago (Roebroeks and Villa, 2011;
Gowlett, 2016). This is concomitant to the increased out-of-Africa
migration toward colder locations (Gowlett, 2006; Brown et al., 2009),
the appearance of the more developed Acheulean technology used in
the butchery of fauna (Diez-Martin et al., 2015), and to the origin of
digestive adaptations for cooked food, such as gracile teeth and jaw
(Wrangham, 2017). During the early opportunistic phase of fire use,
ancestral hominins were adapting to the progressively dry and fire-
prone environments (Parker et al., 2016) and were already cooking
fish 780ka (i.e., kiloanni; thousand years) ago (Zohar et al., 2022).
Wildfires tend to scare, confuse, and kill prey and predators, opening
predator-free scavenging/hunting grounds (Herzog et al., 2020).

Despite the ongoing debate, this initial timeline of fire use is also
considered to be aligned with the tree-to-ground nesting transition by
the fully bipedal early Homo erectus (Coolidge and Wynn, 2006;
Wrangham, 2009; Samson and Nunn, 2015; Fruth et al., 2018). Nesting

Frontiers in Psychology

10.3389/fpsyg.2023.1215481

on the ground eliminates the danger of eventually falling out of the
tree; the ground makes for a more stable nest enabling a more
uninterrupted and efficient sleep, so much so that nesting on the
ground or in lower branches happens sometimes in Chimpanzees
when there is less predation risk (Hernandez-Aguilar et al., 2013;
Fruth et al,, 2018; Pozzi et al., 2022). Thus, sleeping hidden in caves,
probably protected by sentinels (Samson and Nunn, 2015; Samson
et al., 2017) capable of stone throwing (which appeared 2 Ma ago,
Lombardo and Deaner, 2018) and by sporadic use of fire arguably,
could have favored the tree-to-ground nesting in Homo erectus
speeding sleep efficiency freeing nocturnal awake time. The initial
phase of sporadic use of fire was followed by a transitory phase that
culminated more than a million years later in habitual fire use
(Gowlett, 2016), dating 400-300ka ago in Neanderthals and slightly
later in early Homo sapiens (Rolland, 2004; Roebroeks and Villa, 2011;
Scott and Hosfield, 2021). So far, the earliest fossil of Homo sapiens
dates 315ka (Hublin et al., 2017), this period is considered to be the
boundary of a new phase in the evolution of Homo sapiens (Rolland,
2004; Bergstrom et al., 2021), and it is likely when the incremental
evolution of protomusicality occurred (Killin, 2018).

The Homo sapiens is a pyrophilic primate (Parker et al., 2016). The
human use of fire is very ancient and universal, and despite its
dangerousness, children across cultures have an intrinsic curiosity
about fire and achieve mastery of fire by middle childhood with little
instruction (Fessler, 2006). This suggests that humans might have
evolved learning mechanisms focused on controlling/maintaining and
starting fire (Fessler, 2006). Paleolithic humans 170-150ka ago
optimally located the cave fireplace enabling maximum fire use and
minimum exposure to smoke (Kedar et al., 2022). Fire provided our
ancestors with heat, light, protection against predators and hostile
conspecifics, smoke repellent of insects, aid in hunting and in
preparing tasty, sterilized, preserved, and easily digestible cooked
food, cremation of the dead, even improving flaking properties of
stones, and aiding other tool manufacturing (Rolland, 2004; Coolidge
and Wynn, 2006; Fessler, 2006; Brown et al., 2009; Wrangham, 2009;
Dunbar and Gowlett, 2014). These benefits of habitual fire use set the
stage for cognitive (Twomey, 2013), socioecological (Rolland, 2004;
Dunbar and Gowlett, 2014), and cultural (Mithen, 2019)
evolutionary change.

Therefore, the tree-to-ground nest transition, predation, and fire
were recurrently enough to have converged and acted as selective
pressures (Rolland, 2004; Coolidge and Wynn, 2006; Roebroeks and
Villa, 2011; Twomey, 2013; Dunbar and Gowlett, 2014; Gowlett, 2016;
Wrangham, 2017; Fruth et al., 2018; Samson, 2021; Hagen, 2022),
expanding the ape-like flexible nocturnal niche in humans (Samson
and Nunn, 2015; Tagg et al., 2018). The derived/efficient human sleep
has allowed more nocturnal activities and higher exposure to
nocturnal selective pressure (Samson and Nunn, 2015; Nunn et al.,
2016; Nunn and Samson, 2018), which, I argue, could lead the ape-like
protomusicality (including long-distance nocturnal vocalizations) to
be refined into human musicality.

1.6. The challenging/opportunistic
recurrent features of the night-time

Adaptive problems can impose “must-solve” challenges to survival
and reproduction or offer beneficial opportunities to increase inclusive
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fitness (Lewis et al., 2017). The strength of each adaptive problem
depends on its frequency and the magnitude of its impact on fitness
(Lewis etal,, 2017), as well as on its duration and how enduring it was
throughout human evolution. Night-time happens every day (i.e.,
frequently and consistently), lasts roughly 12h per day (i.e., long-
lasting), and humans have been expanding into the nocturnal niche
at least since the habitual use of fire (400-300ka ago) (i.e., ancient/
long-standing). The night-time exhibits a predictable selective
landscape consisting of a collection of adaptive problems of varying
magnitudes (e.g., predation and thermoregulation) (Fruth et al., 2018;
Pozzi et al., 2022). Expanding on Varella et al. (2021) and Varella and
Valentova (2023) and others (e.g., Putilov, 2014; Killin, 2017; Nowell,
2018), I propose that the six crucial specific and recurrent ancient
adaptive challenges/opportunities faced by early hominins during
awakening night-time were lack of luminosity, low temperatures,
regrouping to cook before sleep, dangerousness, peak tiredness, and
concealment of identity.

Those nocturnal adaptive challenges/opportunities could have, in
combination, generated adaptive responses reusing, modifying, and
interconnecting the preexisting variation in psychological traits,
including protomusicality, that were reasonably suitable to solve each
task. As a probable signature of the nocturnal selection, those improved
preexisting psychological capacities might have coevolved and
be phenotypically associated with the eveningness chronotype. The
circadian rhythm of an individuals psychophysiological well-
functioning and intrinsic timing preferences for awakening and sleeping
is conceptualized as the chronotype continuum and governed by
internal clocks open to environmental cues (Vink et al., 2001; Preckel
etal, 2011; Jones et al, 2019). Morning-oriented individuals wake up
and go to sleep early while evening-oriented individuals wake up and
go to sleep late (Vink et al., 2001; Preckel et al., 2011; Jones et al., 2019).

1.7. The lack of luminosity—why sound,
loudness, repetition, and mnemonic
effect?

Low luminosity impairs vision, creating a selection favoring
hearing and night vision, leading to increased acoustic communication
(Yoshida and Okanoya, 2005). Ontogenetically, initial auditory
capacities could be improved following many night-time experiences.
A comparable dynamic occurs in a compensatory way in early blind
individuals, given that they have better spatial abilities (Collignon
et al., 2006), auditory memory (Roder et al., 2001), and emotional
activation to auditory stimuli (Klinge et al., 2010) and rely more on
acoustic perception to evaluate a potential romantic/sexual partner
(Sorokowska et al., 2018) than sighted counterparts. These auditory
expansions throughout ontogeny were probably further intensified
while living in dark caves. Interestingly, parietal paleoart is habitually
found in places of caves, cliffs, and canyons with higher acoustic
resonance, echoes, and reverberation (Waller, 2002; Reznikoff, 2008),
indicating that ancient humans in the dark were very focused on
sounds and gathering around places with exquisite acoustics.

Phylogenetically, a recent investigation including 1,800 tetrapod
species showed that the origin of acoustic communication is strongly
associated with a nocturnal lifestyle (Chen and Wiens, 2020). Living
longer under low luminosity likely selects for higher acoustic
so that various nocturnal

communicative abilities, species
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independently evolved similar increased acoustic communication
(Chen and Wiens, 2020). This adaptive convergence gives a strong
indication that the improvement upon the ape-like protomusicality
into the full human musicality (and even human language) likely
occurred under nocturnal socioecological pressures.

Acoustic communication is flexible, fast, and long-ranged, allows
sending complex and long messages, and overcomes obstacles.
However, it is costly because it has a high degradation rate, is subject
to interference, attenuation, and distortion with distance, and gives off
the localization of the emitter allowing interception by natural
enemies (Grier and Burk, 1992; Romer, 2001). The high diversity of
species exhibiting nocturnal acoustic communication (Chen and
Wiens, 2020) results in a noisier nocturnal environment (Romer,
2001). There are many strategies used across animal species to increase
the signal-to-noise ratio (i.e., to avoid the background noise creating
sound interference and distortion). The increases in signal amplitude
and repetition are important and disseminated strategies across
species to boost signal-to-noise ratio (Romer, 2001). Interestingly,
humans are among the loudest terrestrial animals (Jakobsen et al.,
2021). Compared to speaking, singing is louder and requires more
lung capacity and more muscle activity (Leanderson et al., 1987;
Akerlund and Gramming, 1994; Lindblom and Sundberg, 2014;
Savage et al., 2015), and music allows much more repetition of motifs/
phrases, song sections, and entire songs/repertoire (Fitch, 2006;
Savage et al,, 2015). The consequent high accepting/liking of repetition
in music (Madison and Schiélde, 2017) might have, along with other
attributes (Levitin, 2021), made music a good mnemonic device
(Schulkind, 2009; Reagh et al., 2017), explaining the cross-cultural
existence of knowledge songs (Levitin, 2008, 2021). A similar
mnemonic effect is found in the repeating patterns of whale song
(Guinee and Payne, 1988).

1.8. Low temperatures—why long-distance
loud calls and group cohesion?

After sunset, there is a period of temperature inversion when the
ground gets cold faster than the air above trapping the sound energy
in a sequence of refraction downward and reflection upwards creating
a ‘sound duct, a window of opportunity for optimal long-distance
sound transmission (Larom et al., 1997; Romer, 2001; Piel, 2018). For
instance, the calling range of savanna elephants increases up to 3-fold
in the 2h between late afternoon and early evening in dry and low
wind conditions (Larom et al., 1997). Chimpanzees’ twilight calls are
more frequent in dry seasons than in wet seasons (Picl, 2018), and at
night, they perform long-distance vocalizations twice more often than
proximity calls (Pruetz, 2018). The evening optimal transmission
period for long-distance communication has probably been a selective
pressure on many species in the African Savanna, including the lions,
which mostly vocalize during the evening/night, and many others in
savanna-like ecosystems such as coyotes and wolves which are also
crepuscular vocalizers (Larom et al., 1997). Even diurnal animals, such
as most birds and insects, tend to concentrate their acoustic
communication during the times of temperature inversion near
sunrise and sunset, generating the dawn and dusk choruses (Romer,
2001). Thus, due to the early evening cold ground creating favorable
conditions for loud long-distance calls (Larom et al., 1997), early
hominins could have been selected to make use of this acoustic
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opportunity to increase their nocturnal long-distance communication,
expanding upon the ape-like correspondent precursors. Furthermore,
the warm air/smoke from the campfire could, in principle, help
maintain, for a longer time the temperature inversion favoring long-
call communication.

Ancient hominins increased their nocturnal vocal activities, but
night-time creates the challenge of avoiding hypothermia. The use of
fire and the use of clothing are important strategies for
thermoregulation. However, the habitual use of fire only started
approximately 400-300ka ago (Rolland, 2004; Roebroeks and Villa,
2011; Scott and Hosfield, 2021), and the earliest indication of clothing
dates only 170-120ka ago (Toups et al., 2011; Hallett et al., 2021).
Thus, before habitual use of fire and clothing, during awake nocturnal
activities, early hominins needed to rely on maintaining enduring
physical activity and increase close contact with conspecifics to cope
with the cold night-time, as a social thermoregulation (IJzerman et al.,
2015). Arguably, like the penguins, early hominins could have
performed social thermoregulation by maintaining group cohesion
(IJzerman et al., 2015), doing useful nocturnal social activities in close
proximity, including vocalizations and movements such as
proto-dances.

1.9. The opportunity of regrouping to cook
before sleep—why call and response, song,
group cohesion, and playfulness/
entertainment?

In the dark, it is unpractical/difficult for humans to forage (cf.
Nowell, 2018). Moreover, humans, as animals, need to rest and sleep.
Thus, after fission into subgroups for daily foraging comes the evening
multi-male multi-female fusion (Foley and Gamble, 2009). Around
the sunset is the time for foraging subgroups to reunite to the safety of
the collective sleeping site. This place of regrouping bears similarities
with the great ape night-time land use: a well-chosen place near
resources such as water or fruiting trees, and at a period of increased
sociality and group cohesion (Anderson et al., 2019). The optimal
long-distance sound transmission (Larom et al., 1997; Rémer, 2001;
Piel, 2018) could have been used to call group members to the nearest
sleeping site, because, in Chimpanzees, long-distance calls facilitate
fusion (Fedurek et al, 2014). This might be one reason for the
existence of responsorial singing (i.e., call and response) in traditional
music (Kubik, 2005; Brown, 2017).

Before the habitual use of fire, the place of regrouping of early
homo (2Ma ago) was probably a “core area™ A preferred, but not
fixed, night-time place containing natural protective topographies
(caves and hills) combined with artificially made protective barriers
in an ecotone habitat (overlapping grasslands and woodlands) where
a small extended family congregated to fulfill subsistence activities,
socialize, and, in a more reserved part far from eating location,
prepare the ground nests (Rolland, 2004; Carotenuto et al., 2016). The
core area could have been protected by stone-throwing sentinels
(Samson et al., 2017; Lombardo and Deaner, 2018). Homo erectus
were skilled tool makers, gatherers, scavengers, and carnivorous, fully
biped with increased mobility and dispersion pattern, so the core
areas could have been distantly scattered along increased home ranges
(Rolland, 2004; Foley and Gamble, 2009). Homo erectus were able to
expand from Africa to Eurasia and Southeast Asia following large
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herbivores, courses of water, and avoiding predators (Carotenuto
et al,, 2016). The increased home ranges certainly augmented the
difficulty of males to find and monopolize resources (which were
dispersed, and prey are very mobile) and mates (who were dispersed,
very mobile, and had kin in defense), which put them in a
socioecological context with key elements (including the ‘sound duct’
of optimal long-distance transmission) of three-dimensional niches
(water and air), favoring the evolution of elaborated acoustic displays
via sexual selection (cf. Puts, 2010; Varella et al., 2017; Verpooten and
Eens, 2021).

Moreover, given that Homo erectus were also less sexually
dimorphic, and due to increased infant dependence, they were
probably more (serial) monogamously oriented exhibiting biparental
provisioning/care (Fisher, 1989; Eastwick, 2009) and grandmother
provisioning/care (O’'Connell et al., 1999; Bell et al., 2013). Indeed,
social monogamy and small family-sized groups are consistent
predictors of complex song in vocal communication across primates
(Haimoff, 1986; Geissmann, 2000; Schruth et al., 2021), and the
majority of duetting primates are nocturnal or live across great
distances in visually unreachable environments (cf. Geissmann, 2000;
Clink et al., 2020; Pozzi et al., 2022). Duetting songbirds also tend to
be monogamous (Geissmann, 2000). The evolution of elaborated
songs across species, such as baleen whales, seals, songbirds, and
hummingbirds, is also related to small, less complex social groups
interacting over large distances beyond visual reach (Verpooten, 2021;
Verpooten and Eens, 2021; Vanderhoff and Bernal, 2022). Thus, it is
possible that, before the habitual use of fire and its consequent increase
in social complexity (Foley and Gamble, 2009), early Homo was
already prone to singing (cf. Mithen, 2005; Savage P. E. et al., 2021) to
defend/advertise the night-time territory and to attract/maintain
mates (¢f Hagen and Bryant, 2003) as a result of the ongoing
amplification of nocturnal long-distance elaborated vocalizations (cf.
Geissmann, 2000).

After the habitual use of fire, ancient hominins most probably had
a “home base,” which is a more fixed base for both day and night
operations, near valuable resources and strategic ecotone settings,
with marked multipurpose fire use, cooking and social eating,
protection of juvenile, transmission of knowledge, and a more
patterned spatial organization (Rolland, 2004; Foley and Gamble,
2009). In current hunter-gatherer societies, the overnight camp has
35-70 individuals (Gowlett et al, 2012). After day-time fission
foraging in transient sites, ancient hominins needed to find the way
back to their home base, to process, cook, and share food, which takes
time. The easily digestible cooked food increased caloric intake
diminishing foraging time and enabling more time for evening
socialization in a bigger group (Wrangham, 2009, 2017; Dunbar and
Gowlett, 2014). There was a need for safe time-passing awake activities
(Huron, 2001). During this forage-free time, the kin-based bigger
group could engage in many social interactions (Nowell, 2018) such
as childcare and play, information exchange, gossip, flirt, treat their
wounds, prepare the ground sleeping nest, and guard the area against
predators/enemies. The need to sleep near each other, to share cooked
food, and to coordinate firewood gathering and keeping fire alight are
important factors increasing in-group cohesion (Gowlett et al., 2012;
Dunbar and Gowlett, 2014). In addition to domestic necessities,
humans gained longer leisure time after habitual fire use (Killin, 2018).
At least in contemporary societies, most leisure time in modern
humans happens during the evening (Glorieux et al., 2010) and at
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home (Cushman et al,, 2005). Thus, since musical activities are
intrinsically motivated (Wang et al., 2018; Varella, 2021) and very
popular leisure activity (McManus and Furnham, 2006; Varella, 2022),
it is possible that musicality would be mostly expressed during
ancestral evenings.

1.10. Dangerousness—why chills, creativity,
in-group cohesion/outgroup competition,
and anxiety modulation?

Despite the communal and comforting home base atmosphere,
the night-time was, and still is, dangerous. Even baboons are more
vulnerable to leopard attacks at night (Isbell et al., 2018). Hominin
ancestors were preyed by a diversity of large diurnal and nocturnal
carnivores, such as hyaenids and felids (Lee-Thorp et al.,, 2000; Barrett,
2005; Treves and Palmqvist, 2007; Hagen, 2022). In current night-
times, humans in small-scale African societies still suffer from lion
attacks (Packer et al., 2011), and in industrial societies, there are more
personal contact crimes (Averdijk and Bernasco, 2015). In the dark, it
is difficult to detect danger from predators and enemies, and as time
passes, there are fewer bystanders awake who could promptly help in
case of an attack (Jonason et al, 2013). These select for higher
imagination and alertness toward harmful agents, openness to
experience, conspicuous preventive defenses, social agglomeration,
risk-taking/sensation-seeking, and forms of anxiety alleviation
(Varella et al., 2021; Varella and Valentova, 2023).

The absence of visual stimuli alone upturns tension, uncertainty,
and apprehension predisposing to the acoustic startle reflex (Grillon
etal,, 1997); nevertheless, it is not darkness alone, but the night that is
most related to fear responses (Levos and Zacchilli, 2015; Li et al,,
2015). Anxiety keeps the body in alert mode; thus, it is linked to
insomnia (Oh et al, 2019). Interestingly, some musical passages
related to peak emotional experiences and violation of expectations
tend to trigger ‘chill’ experiences comprising heart racing, pupil
dilation, and specially piloerection (Grewe et al., 2005; Laeng et al.,
2016), which are old phylogenetic reactions among primates toward
threatening (Mobbs, 2018; Kret et al., 2020) and cold situations
(Chaplin et al., 2014), both nocturnal challenges.

The emotion of fear reorganizes our mindset strategically lowering
the thresholds for the detection of danger. When there is a greater cost
of missing a real threat than seeing a misapprehension of a hazard,
evolution selects the less costly error leading to a higher false alarm rate
(Nesse, 2001; Haselton and Nettle, 2006). When we are frightened, less
evidence is needed to trigger the threat response, protecting against the
cost of not perceiving a real threat (Tooby and Cosmides, 2008).
Because of the nocturnal dangerousness, we might have evolved an
overexcited imagination; a tendency to overestimate threats, purposes,
and agency, particularly stemming from opponents (Barrett, 2005;
Varella, 2018; Needham et al., 2022). Interestingly, in many species,
there is the phenomenon of predator inspection, which is a contra-
intuitive curiosity toward dangerous agents probably enabling better
assessment of the situation and learning about the habits and behavioral
patterns of predators (cf. Fishman, 1999). Hence, individual personality
features, such as risk-taking and openness to experience (i.e., curiosity,
fantasy, and esthetics), would improve responses to night-time dangers
and mysteries, particularly in those less vulnerable individuals (i.e.,
adolescents and adults) who would have more to lose in terms of social
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networking, sexual opportunities, knowledge gathered by not
socializing facing the nocturnal risks. Indeed, the evidence suggests
that risk-taking and openness to experience are related to evening
orientation and aspects of musicality. Evening-oriented individuals are
risk-takers (Ponzi et al., 2014; Gowen et al., 2019), low on fear and
caution (Ottoni et al., 2012), high on openness to experience (Randler
etal,, 2017), high on originality, open to culture and novelties, curious
and well-informed (Cavallera and Giampietro, 2007), and creative and
intuitive (Diaz-Morales and Escribano, 2013). Individuals open to
experience are more musically/artistically/esthetically oriented
(Rawlings et al., 2000; Feist and Brady, 2004; Gjermunds et al., 2020).
Risk-taking/sensation-seeking/impulsivity is high in individuals with
increased emotionality toward music (Roberts et al., 1998), in male
individuals exhibiting more attractive dance movements (Hugill et al.,
2011), and in individuals who prefer rock/heavy music (Little and
Zuckerman, 1986; Arnett, 1992). Finally, young pop musicians are
twice as likely to die of violent death (Kenny and Asher, 2016).
Moreover, the necessity to solve new practical problems during the
night and the increased rate of REM sleep (i.e., indicative of dreaming)
also converged possibly leading to higher creativity (Coolidge and
Wynn, 2006; Samson and Nunn, 2015). Creativity is positively related
to musicality and visual arts (Ismail et al., 2020; Sotiropoulos and
Anagnostouli, 2021). Evidence for a nocturnal overexcited imagination
which corroborates the Nocturnal Evolution of Human Musicality and
Performativity Theory ranges from contemporary industrial societies,
traditional societies, and prehistory. In industrial societies, music
composers (Gjermunds et al, 2019), art students (Wang and Chern,
2008), and visually creative individuals (Giampietro and Cavallera,
2007) are indeed more evening-oriented. In traditional society, there
is the highest frequency of storytelling in the evening (81% vs. 6% of
day conversations) with background music around the campfire
(Wiessner, 2014). Even some recent prehistoric findings support the
nocturnal theory, such as some esthetically engraved plaquettes from
23 to 14 ka ago, which were likely appreciated by early humans close to
the night-time firelight (Needham et al., 2022), and possible ‘shadow
play’ storytelling 6.8-5.2ka ago (Ahola and Lassila, 2022).
Combined with fire, human sounds, particularly when
collective, loud, and rhythmically coordinated, which maximizes
the salience of the collective broadcast (Keller et al., 2017), might
have frightened ancestral predators as a conspicuous audio-visual
intimidating display for night-time defense (Jordania, 2011;
Hagen, 2022). Large carnivores avoid places with human voices
(Suraci et al., 2019). When vervet monkeys give ‘leopard’ alarm
calls in their sleeping site, most often near dusk and dawn, nearby
leopards indeed move away (Isbell and Bidner, 2016). There is a
Scandinavian pastoral musical tradition sung by women over
long distances that is suggested to have long been used to
coordinate the grazing of livestock during day-time and to
frighten predators, such as bears and wolves, with horns and lures
when women returned home in the evening (Ivarsdotter, 2004).
In addition to the predators, ambush tactics and night-time
attacks have long been modes of warfare (Sheldon, 2012;
Redmond, 2016). The optimal long-distance sound transmission
during the evening (Larom et al., 1997; Romer, 2001; Piel, 2018)
could increase the range and effect of acoustic displays for
predator and enemy deterrence, by canalizing loud calls (cf.
Hagen and Hammerstein, 2009). According to Hagen and Bryant
(2003), under night’s poor visibility, synchronized musical
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displays might have distantly signaled coalition size and
formidability, frightening enemies (cf. Jordania, 2011; Mehr et al.,
2021; Hagen, 2022). Indeed, evening-oriented men are high on
intrasexual competitiveness (Ponzi et al., 2015a). Furthermore,
the ‘many eyes’/‘security in numbers’ principles (Quenette, 1990;
Musharbash, 2013) could have been selected for higher social
nocturnal agglomeration together with low temperatures and the
necessity to regroup before sleep. The ‘better safe than sorry’
principle might have led to exaggerated and frequent defensive
rituals (Boyer and Linard, 2006; Eilam et al., 2011). Interestingly,
musicality’s role in maintaining and promoting prosociality
(Kirschner and Tomasello, 2010) and interpersonal social bonds
(Boer etal., 2011; Savage P. et al., 2021) might indicate that it was
selected under nocturnal selective pressures when the group is
already on fusion mode, not fission (cf. Nowell, 2018).

The dangerousness of night-time also selects for anxiolytic
activities: At the end of the day, ancient hominins needed to feel
safe and relaxed enabling sleep. Anxiety often results in rituals
(Eilam et al., 2011). The patterned repetitions of rituals have
tension-reducing and comforting effects necessary to cope with
dangerous/unpredictable environments (Dissanayake, 2008; Tonna
et al., 2020). The very predator and enemy deterrence effects of
music could attest/explain its anxiolytic properties. Among other
health benefits, music demonstrably alleviates pain and diminishes
stress and anxiety (Finn and Fancourt, 2018), particularly in social
contexts (Linnemann et al., 2016). Indeed, late at night individuals
prefer to listen to relaxing music (Park et al., 2019; Heggli et al.,
2021). Since children are most vulnerable to nocturnal predation
and infanticide, they mostly need lullabies, rocking, and bedtime
stories for mood regulation and relaxation. An important
complement to Savage P. et al. (2021) and Mehr et al. (2021) is that
the parent-offspring bond is particularly challenged during bedtime
to the point that the children need to be put to sleep by requiring
costly displays of all-night parental protection strengthening their
bond in order to relax and fall asleep. In fact, music has an
important sleep-promoting role for infants and adults (Feng et al.,
2018; Akkermann et al., 2021), explaining the existence of lullaby
songs (Mehr et al., 2018, 2019), and a nightly bedtime routine is
beneficial to children’s healthy sleep and wellbeing leading to
satisfactory development (Mindell and Williamson, 2018).

1.11. Peak tiredness—why succumb to
pleasurable and emotional stimuli?

At night-time, individuals are most tired. Tired individuals self-
regulate less, thus easily succumb to immediate pleasures (Millar et al.,
2019). Cravings occur mostly at night (Piasecki et al., 2011; Sevincer
etal, 2016). Moreover, during off-peak periods in alertness and energy
reserves, humans increase emotional reactivity (Tucker et al,, 2012).
Evening-oriented individuals have lower self-control (Digdon and
Howell, 2008), lower emotional control, coping, and volition, but more
emotional sensitivity (Ottoni et al., 2012), are impulsive (Cross, 2010),
and hedonistically present-oriented (Nowack and Van Der Meer, 2013).
The lower self-control, increased emotionality, immediacy, and
hedonism in tired individuals at night-time might have further
enhanced the ancestral appeal of recreational musical activities (cf.
Nowell, 2018) and manipulation (De Tiege et al., 2021), given that music
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activates cerebral pleasure centers (Peretz, 2006), is among the most
pleasurable activities (Dubé and Le Bel, 2003), and stimulates emotional
reactions (Peretz, 2006; Altenmiiller et al., 2013; Nowell, 2018).

1.12. Concealment of identity—why
adolescence, mating and sexual benefits,
complexity/elaboration, and mutual
ornamentation?

Darkness partially conceals one’s identity providing a sense of
privacy and anonymity, disinhibiting behavior usually repressed due
to social desirability concerns (Zhong et al., 2010; Hirsh et al., 2011).
Darkness improves individual autonomy by allowing control of
emitting flow of information and external interferences (Klopfer and
Rubenstein, 1977), lowering the risk for social embarrassment and
reputational damage. Thus, by enabling high disinhibition, social
proximity, emotional sensitiveness, risk-taking, hedonism,
entertainment, creativity, and low self-control, the expanded nocturnal
niche has favored an intense peruse of sexuality goals. As humans are
among the rare animal species exhibiting indirect/covert courtship
(Gersick and Kurzban, 2014) and private sexual intercourse (Ben
Mocha, 2020), possibly because of the third-party costs (a jealous
partner/competitor intercepting) among other reasons, it makes sense
that humans lose their virginity at night (Barak et al, 1997) and
exhibit the major peak of sexual activity at night, after 21:00 (Refinetti,
2005; Jankowski et al., 2014). Moreover, evening-oriented individuals
tend to be single (Maestripieri, 2014), be more flirtations later in the
day and have more sexual partners (Gunawardane et al., 2011), lose
virginity early in life and have a short-term relationship orientation
(Kasaeian et al.,, 2019), be more inclined to casual sex (Cross, 2010;
Piffer, 2010; Matchock, 2018; Diaz-Morales et al., 2019), and have a
fast life-history strategy (Ponzi et al., 2015b; Marvel-Coen et al., 2018).

This elevated night-time mating action amplified sexual selection
pressures acting on human sleep (Piffer, 2010), chronotype (Putilov,
2014), and, possibly, musicality (Putilov, 2014; Varella and Valentova,
2023) and other artistic propensities (Putilov, 2014). Importantly,
sexual selection is not only about male-biased sex differences (Varella
et al,, 2014, 2017; Bowling et al., 2021; Merker, 2021; Verpooten and
Fens, 2021). As human exhibit mutual mate choice (Stewart-Williams
and Thomas, 2013ab), parental influence over mate choice
(Apostolou, 2007), multifunctional signals (Berglund et al., 1996; De
Block and Dewitte, 2007; De Tiege et al., 2021), multiple/multimodal
cues (Candolin, 2003), self-presentation modification (Valentova
et al., 2021), and indirect/covert flirtation (Gersick and Kurzban,
2014), the boundaries between sexual and social selection tend to get
blurred (cf. West-Eberhard, 2014; Winegard et al., 2018; Crespi et al.,
2022). Socialization at the ancestral home base, containing self-
promotion and prestige/ornamented competition (Varella et al.,, 2017),
could also function as a nocturnal mixed-sex lekking ground, where
adolescent and young adults exhibit their desirable qualities to attract,
compete for, and defend/maintain romantic partners (Dunbar et al,
1997; Piffer, 2010; Putilov, 2014). Miller (2000) reasoned that
youngsters dancing all night at rave parties paint a somewhat accurate
picture of how our ancestors engaged with their music (cf. Jenkinson
etal, 2014). Adolescents, in the prime of mating competition, are the
most evening-oriented humans (peaking around age 19, Randler,
20165 Fischer et al., 2017). They listen to and enjoy music the most,
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give more importance to music, and listen to music in many contexts
(Bonneville-Roussy et al., 2013). Adults mostly remember and self-
identify with music heard during adolescence and young adulthood
(Jakubowski et al., 2020; Loveday et al., 2020).

Many recognized locations/contexts for short-term mating are
shifted to night-time and contain loud music, e.g., nightclubs, dance
clubs, bars, (fraternity) parties, concerts/festivals, and weddings
(Jonason et al., 2015), where seduction culminates into the high
synchrony of couple’s body movements (Brak-Lamy, 2015). Compared
to afternoon, music-listening preferences after sunset are focused on
increasingly higher tempo and danceability (Heggli et al., 2021).
Listening to music increases the desire to date someone (Marin and
Rathgeber, 2022), dancing with someone is ranked as an effective flirting
tactic for short-term mating (Wade et al., 2021; Kennair et al.,, 2022), and
the music-induced coupling of body sway predicts long-term romantic
interest (Chang et al., 2021). The effects of darkness in reducing social
embarrassment (Hirsh et al., 2011) might have encouraged individuals
to overcome shyness/face-saving tendencies (Garland and Brown, 1972)
to overtly perform (sing, dance, and tell stories) in front of others
increasing the odds of attracting/maintaining a partner. Indeed,
compared to the entrance, there is a 50% increase in coupled individuals
exiting the nightclub, which is dark and musical (Mannion et al., 2009).
Thus, musicality and other performances could have entered the playful
human mating games (De Block and Dewitte, 2007; Moraes et al.,, 2022).

The complexity of social interactions, the conflicts, and
alignments of interests inherent to sexual reproduction and animal
communication (senders and receivers) create arms races and
runaway dynamics in which the need to impress and persuade in
competitive ornamentation leads to an increase in complexity,
elaboration, and embellishments of songs (Miller, 2000; De Block and
Dewitte, 2007; Varella et al., 2011, 2017; Keller et al., 2017; Mehr et al.,
2021; Verpooten and Eens, 2021; Crespi et al., 2022). Indeed, in birds,
song complexity is positively related to reproductive success (Soma
and Garamszegi, 2011). Women in their fertile phase prefer
composers of complex music for short-term relationships (Charlton,
2014) and dance seductively (Miller et al., 2007). Mating motives
increase creativity in both sexes (Griskevicius et al., 2006). Overall,
the increased nocturnal sexual selection can help explain the
existence of serenade, seduction, love, and dance songs (e.g., Levitin,
2008; Lehman et al., 2009; Mehr et al., 2018, 2019), the diversity and
appeal of love songs (Werner and Todd, 1997; Knobloch and
Zillmann, 2003), the prevalence of sexual/reproductive messages in
popular songs across genres (Dukes et al., 2003; Hobbs and Gallup
Jr., 2011), and the sexual/relationship benefits of musicality (Van
Bohemen et al., 2018; Micoogullari et al., 2021; Marin and
Rathgeber, 2022).

Sexual selection might have influenced musicality early in hominin
evolution (Garfinkel, 2018; Verpooten and Eens, 2021). Before the
habitual use of fire, the socioecological context of Hormo erectus favoring
the emergence of elaborated songs (i.e., difficulty in monopolizing
resources/partners, high mobility, vast home ranges, small social
groups, and optimal context for long-distance sound transmission) is
fairly disseminated across singing species, and serving sexual/social
selection: mate attraction/maintenance and territory advertising/
defense (Searcy and Andersson, 1986; Yoshida and Okanoya, 2005;
Mikula et al., 2021; Schruth et al., 2021; Verpooten and Eens, 2021), as
Darwin first proposed Darwin (1871). Social monogamy is another
socioecological context favoring the evolution of complex song across

Frontiers in Psychology

11

10.3389/fpsyg.2023.1215481

primates (Schruth et al, 2021) and mutual display by duetting
(Geissmann, 2000; Yoshida and Okanoya, 2005). In birds, when
biparental care, leading to social monogamy with low rates of extra-pair
paternity, is combined with cooperative defense of territories/breeding
sites, there is the evolution of ornamentation in both sexes (Tobias et al.,
2012). Mutual ornaments also function as social armaments in both
sexes of birds (Tobias et al.,, 2011) and humans (De Block and Dewitte,
2007;
combination of grandmother alloparental care (O’'Connell et al., 1999;

Jarella et al, 2017; Mafra et al, 2020). Interestingly, the

Bell et al., 2013) and children and elderly individuals sleeping early
(Randler, 2016; Fischer et al., 2017) can effectively free women from the
parental burden of late evening, enabling them to allocate efforts into
mating attraction and intrasexual competition. In cooperative breeding
birds, female ornamentation is indeed increased, decreasing sexual
dimorphism (Dale et al., 2015). Thus, sexual selection in humans under
monogamy, mutual mate choice, and alloparenting might have favored
musical displays in both sexes, with an increased role of attraction and
ornamental competition in women (Fisher and Candea, 2012; Varella
etal,, 2017,2022) in comparison with other non-monogamous species
without alloparental care.

Indeed, both men and women tend to have basically the same
musical capacities with some minor distinctions on how musicality is
expressed (cf. Mosing et al., 2015; Bertolo et al., 2023). Women are
slightly better at recognizing familiar melodies (Miles et al., 2016), at
mistuning perception (Bertolo et al., 2023), at music achievement
(Mosing et al.,, 2015), appreciating more music (Hagen and Bryant,
2003; Varella et al., 2010), liking to sing more than men (Varella et al.,
2010; De Moor et al.,, 2013; Yan et al., 2021); even the complexity of
songs across primates is female-biased (Schruth et al, 2021).
Compared to women, men tend to enjoy playing musical instruments
more (Varella et al., 2010), tend to be slightly better in rhythmic
discrimination task (Mosing et al., 2015; Bertolo et al., 2023), and
slightly better in melodic and pitch discrimination tasks (Mosing
et al., 2015); cross-culturally, music performers tend to be male
(Savage et al,, 2015; Mehr et al,, 2018, 2019). Given that lower sound
frequencies travel longer distances (Larom et al, 1997) and that
non-human primates use low frequency for long-distance loud calls
(Mitani and Stuht, 1998), there is a possibility that ancestor male
hominins sang together to attract exogamic females traveling nearby
(Merker, 1999, 2021) using the evening ‘sound duct’ (Delgado, 2006).
Interestingly, a majority of adult humans fantasize about sex in
traveling contexts (Lehmiller, 2018).

Another factor that can lead to mutual ornamentation is
assortative mating (Tobias et al., 2012). The exaggeration of costly
signaling can evolve under perfect monogamy through mutual mate
choice and assortative mating (Hooper and Miller, 2008). In fact,
assortative mating occurs among individuals similar in vocational
interests (Etzel et al., 2019; Banov et al, 2022), playing musical
instruments and singing (Bongard et al., 2019), musical and artistic
talents (De Moor et al., 2013), creative achievements (Kaufman et al.,
2016), sexual strategies (Penke and Asendorpf, 2008), and chronotype
(Randler and Kretz, 2011), but see Horwitz et al. (2023). In addition,
couples with corresponding chronotypes are more sexually active
(Jocz et al,, 2018) and sexually satisfied than mismatched couples
(Sprajcer et al., 2022). Furthermore, assortative mating, which leads
to the evolution of trait covariation (De Moor et al., 2013; Conroy-
Beam et al., 2019), may have created the phenotypic relationships
between the eveningness chronotype and musicality. Indeed,
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musicians and composers tend to be evening-oriented (Gjermunds
etal, 2019; Wright and Palmer, 2022), and there is a genetic correlation
between the eveningness chronotype, more accurate capacity for
musical beat synchronization, and exposure to loud music (Niarchou
etal., 2022).

2. Discussion

Why did musicality evolve? This “why” question has two aspects to
be unpacked (¢f. Dennett, 2017). The “how come that musicality evolved?”
question requires a plausible step-by-step phylogenetic process narrative
connecting ancestral ape-like protomusicality with human musicality. The
“what reasons made musicality evolve?” question requires a probable
combination of specific recurring selective pressures fitting most fitness-
enhancing functions/roles of human musicality. The Nocturnal Evolution
of Human Musicality and Performativity Theory (NEHMPT) tackles both
aspects. It relies on interconnecting paleoanthropological phylogenetic
patterns with a detailed evolutionary psychological analysis of recurrent
nocturnal ancestral challenges/opportunities and correspondent
outcomes, and with cross-species adaptive convergences, which offers a
strong indication of adaptation (McGhee, 2011; Currie, 2012; Oilkonen
etal., 2016). This newly proposed nocturnal theory is an extension and
interconnection of previous related attempts that relate the evolution of
musicality with night/eveningness (cf. Jordania, 2011; Dunbar and
Gowlett, 2014; Putilov, 2014; Killin, 2017; Nowell, 2018; Varella et al.,
2021; Varella and Valentova, 2023); it integrates many adaptive
explanations/proposed proper functions for human musicality (e.g.,
parenting, group-cohesion, territorial/antipredator defense, and sexuality/
romance) under the same umbrella theory. It also integrates ecological
and social factors in shaping human musicality (cf. Schruth et al., 2021).

The possibility of a nocturnal evolution of human musicality
does not imply that all humans should be evening-oriented nor
that musical activities should only be found after sunset. Acoustic
communication is often retained in lineages that evolved diurnality
(Chen and Wiens, 2020), and mammals, in general, have retained
many nocturnal features from the nocturnal bottleneck of the time
of dinosaurs (Gerkema et al., 2013). Humans listen to music all
day, but out of the five daily time blocks of music-listening
preferences, three occur after sunset (evening, night, and late night;
Heggli et al., 2021). I have provided evidence that musicality has a
nocturnal bias. Even the music-listening effects on tennis players’
cognitive abilities are stronger during the evening (Jarraya and
Jarraya, 2019). The evolutionary roots of this nocturnal bias are the
focus of this proposal. I argue that the ancestral evening eco-social
fusion context contained most of the key adaptive problems that
musicality is suited to help solving. Throughout hominin evolution,
there was an expansion of activities into a nocturnal niche,
recurrently exposing humans (less vulnerable humans more than
others) to enduring nocturnal challenges/opportunities impacting
inclusive fitness: lack of luminosity, low temperatures, regrouping to
cook before sleep, imminent dangerousness, peak tiredness, and
concealment of identity. Despite being mostly active during the day,
as humans became a more evening-inclined species in comparison
with closely related apes, these high-frequency, long-lasting, and
ancient night-time features might have selected together with the
evening orientation, a propensity to acoustic communication, to
be more alert and imaginative, gregarious, risk-taking and
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novelty-seeking, prone to anxiety modulation, hedonistic, and
promiscuous and disinhibited, particularly in adolescents and
adults, which in turn coevolved with protomusicality in different
nocturnal contexts leading to the multifunctional human
musicality. Those night-time features are independent from
musical cognition and acted in combination as a coherent
nocturnal selective landscape (i) directly promoting the
enhancement of aspects of ape-like protomusicality into human
musicality (e.g., darkness and temperature inversion promoting
more long-distance acoustic communication, loudness, and
repetition), (ii) selecting many psychological tendencies that
coevolved with musicality (e.g., chronotype, openness to
experience, and creativity), and (iii) creating the many
co-occurring situational contexts to which musicality functionally
adjusted (e.g., knowledge transference, recreation, parenting,
group-cohesion, territorial/antipredator defense, infant-directed
singing, and sexuality/romance).

This nocturnal theory does not invalidate/exclude other
seriously proposed evolutionary theories of human musicality. It
reorganizes and interconnects previous attempts into a
parsimonious, overarching, and comprehensive framework. Instead
of the final word, the current version of this nocturnal theory is the
beginning of explorations of its heuristic value in generating new
discoveries and connecting findings. For instance, it has been shown
that music listening helps childbirth (Finn and Fancourt, 2018;
McCaffrey et al., 2020), and given how evolutionarily problematic
human delivery is, posing a survival problem to the mother and the
newborn (Dunsworth and Eccleston, 2015), this might be considered
another candidate adaptive effect of musicality. The nocturnal theory
would predict that if there is any evolutionarily relevant activity
recurrently happening during night-time, it is possible that
musicality might have coevolved with it and be exapted to benefit
the activity, in a process of cooptation by temporal juxtaposition.
Indeed, it has been shown that non-human primates and humans
tend to spontaneously give birth mostly during the night and early
morning (Honnebier and Nathanielsz, 1994; Martin et al., 2018;
Macfarlane et al., 2019; Declercq et al., 2023). The nocturnal onset
of childbirth might be more temperature efficient (VcFarland et al.,
2022), free from insects and diurnal predators, and surrounded by
more supporting conspecifics, despite vulnerability to nocturnal
predators. Thus, activities that promote cohesion and deter predators
decreasing pain, danger and anxiety would greatly benefit human
childbirth; musical pain, activities seem to do so.

The Nocturnal Evolution of Human Musicality and Performativity
Theory does not explain every single musical feature or underlying
proximate mechanisms. Instead, it offers a plausible evidence-based
scenario in which some important features (i.e., loudness, repetitiveness,
call and response, chills, playfulness, complex ornamentation/virtuosity,
and duets/chorus) and functions (i.e., long-distance communication,
mnemonic device, dyadic and social bonds, leisure, territoriality,
antipredator defense, emotional and mood regulation, sexuality, and
childbirth) of musicality fit together. Furthermore, it does not suggest that
only musicality was selected during the gradual expansion into the
nocturnal niche. There are many non-exclusive strategic routes to
reproductive success (De Block and Dewitte, 2007; Varella et al., 2017,
2022; Winegard et al,, 2018). Similar to musicians, art students (Wang and
Chern, 2008) and visually creative individuals (Giampietro and Cavallera,
2007) are also evening oriented. Thus, the nocturnal selective landscape
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is also relevant to the evolution of other forms of performing arts and
performative entertainment using voice, such as humor, drama, and
storytelling (Putilov, 2014; Wiessner, 2014; Lauer, 2022), including those
forms focused on night-time horror/thriller stories (Clasen, 2012).
Because of the firelight, visual arts by the fire (Needham et al., 2022) or in
places with extraordinary acoustic properties (Waller, 2002; Reznikoff,
2008), including ‘shadow play’ storytelling (Ahola and Lassila, 2022) and
fire-walking rituals (Xygalatas, 2015), are expected to be included in the
scope of the Nocturnal Evolution of Human Musicality and Performativity
Theory. This multimodal inclusive theoretical extension of the nocturnal
theory might also help explain and integrate aspects of the proposed
adaptive functions for visual arts (Power, 1999; Coe, 2003), literary arts
and fiction (Gottschall, 2012; Smith et al., 2017; Dubourg and Baumard,
2022), language (Dunbar, 2004; Masataka, 2009; Dunbar and Gowlett,
2014), religiosity (Bulbulia, 2004; Sterelny, 2018), and popular culture
(Salmon, 2018). Finally, even the cognitive niche hypothesis (Jonason
etal,, 2013) and eveningness epidemiological liability hypothesis (Varella
et al, 2021) can be integrated into the Nocturnal Evolution of Human
Musicality and Performativity Theory because the main nocturnal factors
stressed by each hypothesis are inherent part among the night-time
challenges/opportunities substantiating this nocturnal theory.

2.1. Future research

The relative lack of evidence connecting musicality with
chronobiology/chronopsychology is a limitation. Some parts of the
argument are still speculative in nature and need to be further
developed and tested. The empirical support offered for this proposal
still needs to be cross-culturally replicated. The current version of the
nocturnal theory still needs further testing. Many questions remain
unanswered. Evolutionary musicology should begin investigating the
night following archeology (Gonlin and Nowell, 2017). How far can
a singing group be heard or interact with other groups during the
evening? Anthropologists studying traditional societies should try to
determine using microphones how far a group sings can be heard
under evening versus day-time conditions. Is there a nocturnal bias
to sing loud, prefer repetitiveness, get the musical chills, compose,
maintain a rhythm, perform, and appreciate music? Are the group
cohesion effects and the anxiety-alleviating effects of music more
pronounced at night? Are the effects of music on attractiveness
evaluation and sexual excitement more pronounced in darker/
nocturnal contexts? Music cognition researchers should try to
compare the musical capacities and performances of the same
individuals during day- and night-time conditions, controlling for
other non-musical tasks or activities. Are nocturnal feline predators
scared by group vocal music? Zoologists should try to investigate
using playback whether big carnivores are attracted or repelled by
human vocal group music.

The current theoretical proposition could be empirically refuted if
the phenotypic and the genetic correlation between musicality and
eveningness orientation is not replicated cross-culturally, or if the
differences in musicality of adolescents and adults compared to
youngsters and elderly are not replicated. It also could be refuted if future
studies find no nocturnal bias on human musicality (production,
appreciation, and motivation), particularly in adolescents and adults,
and if future studies find no nocturnal bias for the effects and functions

Frontiers in Psychology

13

10.3389/fpsyg.2023.1215481

of musicality (i.e., long-distance communication, mnemonic device,
dyadic and social bonds, leisure, territoriality, antipredator defense,
emotional and mood regulation, sexuality, and childbirth). The current
proposition offers precise and new ways of empirically testing human
musicality and other performances.

3. Conclusion

The Nocturnal Evolution of Human Musicality and Performativity
Theory (NEHMPT) argues that it is not a coincidence that humans are
more nocturnal and musical than chimpanzees; that musicians,
composers, and individuals with better beat synchronization capacities
are evening-oriented; that most music-listening contexts are
nocturnal; that adolescents, who are the most evening-oriented
humans, enjoy more music; and that tribal nocturnal social activities
around the campfire involve eating, singing, dancing, storytelling, and
rituals. It presents convergent evidentiary support for the possibility
that human musicality and performativity evolved mostly (but not
only) under the influence of the nocturnal eco-social selective
landscape. The nocturnal eco-social context is a common denominator
among acoustic communication and the many functions, roles, and
proposed adaptive functions of musicality. Musicality might function
as a human’s night “long-distance vision”, night “sleeping bag’, night
“social glue’, night entertainment and memory device, night
“scarecrow” against predators/enemies, night anxiolytic and sleeping
promoter, night “gala dress’, and night “midwife”. By integrating an
evolutionary chronopsychology with evolutionary musicology; it is
simultaneously possible to (i) explain why humans are more musical
than the other great apes, (ii) explain the evolution of many aspects of
musicality from independent principles, (iii) explain various features
and functions of musicality, and (iv) integrate the different proposed
ancestral adaptive values into an inclusive and coherent approach.
Musicality is probably a multifunctional mental adaptation that
evolved hand in hand with the many night-time adaptive problems.
I hope to have shed some light on a missing piece of the adaptationist
puzzle of human musicality.
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