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Abstract
Young children frequently report imaginary scary things in their bedrooms at night. This study examined the remembrances 
of 140 preschool children and 404 adults selecting either above, side, or below locations for a scary thing relative to their 
beds. The theoretical framework for this investigation posited that sexual-size dimorphism in Australopithecus afarensis, 
the presumed human ancestor in the Middle Pliocene, constrained sleeping site choice to mitigate predation. Smaller-bodied 
females nesting in trees would have anticipated predatory attacks from below, while male nesting on the ground would have 
anticipated attacks from their side. Such anticipation of nighttime attacks from below is present in many arboreal primates 
and might still persist as a cognitive relict in humans. In remembrances of nighttime fear, girls and women were predicted to 
select the below location and males the side location. Following interviews of children and adult questionnaires, multinomial 
log-linear analyses indicated statistically significant interactions (p < 0.001) of sex by location for the combined sample and  
each age class driven, in part, by larger frequencies of males selecting the side location and females selecting the below 
location. Data partitioning further revealed that males selected the side location at larger frequencies (p < 0.001) than the 
below location, whereas female selection of side and below locations did not differ significantly. While indicative of evolu-
tionary persistence in cognitive appraisal of threat locations, the female hypothesis did not consider natural selection acting 
on assessment of nighttime terrestrial threats following the advent of early Homo in the Late Pliocene.

Keywords Antipredator behavior · Australopithecines · Evolutionary persistence · Nighttime fear · Preschool children · 
Relaxed selection

Introduction

Predation provides an explicit context impacting individual 
fitness that is amenable to experimental studies of antipredator 
behavior. The fearful behavior of young children in unfamiliar 
situations including darkness has been linked to child-adult 
attachment behavior by John Bowlby (1969/1982, p. 191) who 
stated that: “All in all, it is held, of the various suggestions 
advanced for the function of attachment behaviour, protec-
tion from predators seems by far the most likely.” The current 
study examines a feature of Bowlby’s evolutionary construct 
in which young children are fearful of something scary in their 
bedrooms at night in a manner that might reflect historical 
anticipation of predatory threats by human ancestors.

A prospective predatory threat to a perceiver includes 
its relative location and distance as part of the contextual 
features of the whole situation. As described by Chemero 
(2003, p. 184): “Affordances, I argue, are relations between 
particular aspects of animals and particular aspects of situ-
ations.” Along with the physical properties of the environ-
ment, the locations of anticipated threats can be considered 
“directional affordances” (see Sirkin et al., 2011, p. 167) as 
components of this overall relationship.

Scanning as a directional affordance is ubiquitous in spe-
cies that routinely monitor the horizon or sky for potential 
predators (e.g., ground squirrels: Arenz & Leger, 1997; rats: 
Land, 2013; birds: Marler & Evans, 1996). Rabbits and 
ungulates with laterally directed eyes exhibit a horizontal 
“visual streak” with an increased density of retinal ganglion 
cells facilitating the detection of predators on the horizon 
(Rehkämper et al., 2000). The predominance of the visual 
streak in many prey species living in diverse habitats ranging 
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from forests to savannas led Hughes (1977) to posit his “Ter-
rain Theory” of predator detection.

Although other researchers have considered predation as 
an important component of human evolution (e.g., Baldwin, 
2013; Barrett, 2005; Mobbs et al., 2015), Bowlby’s evolu-
tionary construct provides a specific context for studying 
the locational aspects of the nighttime fear of young chil-
dren that facilitates parental intervention such as holding 
and co-sleeping (see Miller & Commons, 2010). In related 
research considering the spatial properties of historical pre-
dation risk at night, Spörrle and Stich (2010) examined the 
preferred bed locations relative to doors and windows of 
adolescent and adult participants. Beds were positioned by 
participants in orientations relative to doors and windows 
that would facilitate detection of a potential aggressor. To 
explore whether there is a potential sex difference in the 
locational aspects of children’s nighttime fear, I review the 
sexual-size dimorphism of great apes and the presumed 
human ancestor Australopithecus afarensis in which body 
size would constrain sleeping site choice and assessment of 
the location of predatory threats at night.

Sexual‑Size Dimorphism, Niche Partitioning, 
and Predation Risk

A seminal modeling paper by Schoener (1969) provided 
a cost-benefit evolutionary argument for a causal associa-
tion of sexual-size dimorphism and niche partitioning by 
male and female Anolis lizards, a theoretical construct 
elaborated further by Slatkin (1984). In Greater Antilliean 
Anolis lizards, the larger males inhabit primarily the ground 
with smaller females inhabiting the tree trunks, or males 
the trunks and females the tree crowns (Butler et al., 2000). 
Such niche partitioning, also labeled “sexual dinichism” (see 
Susman et al.,1984, p. 149), is hypothesized as an evolution-
ary property of hominin evolution that might be revealed as 
a behavioral relict in children’s nighttime fear.

Sexual-size dimorphism can be characterized by a ratio, 
dividing the estimated average weight of heavier males 
by female weight, which yields a ratio of 1.07 to 1.08 for 
humans, 1.23 for common chimpanzees (Pan troglodytes), 
1.36 for bonobos (P. paniscus), and 1.63 to 2.37 for gorillas 
(Leigh & Shea, 1995; Cameron, 2004; Garvin, 2012; also 
see Plavcan, 1994, p. 467 for computational argument). 
Female mountain gorillas (Gorilla beringei beringei) are 
observed to climb trees twice as often than much heavier 
silverback males (Schaller, 1963). In lowland gorillas (G. g. 
gorilla), sexual-size dimorphism constrains extractive for-
aging activity in trees. Remis (1995) reports that females 
are able to forage on lower weight-bearing branches than 
males.

The Middle-Pliocene hominin (Australopithecus afarensis) 
from the Afar region of northern Ethiopia, extending south in 
the East African Rift Valley to northern Tanzania, is generally 
accepted as a human ancestor (e.g., Villmoare et al., 2015; 
Wood & Lonergan, 2008). The larger estimated body mass of 
males (~ 45 kg) versus females (~ 29 kg) using a human-like 
scaling pattern (McHenry, 1992; McHenry & Coffing, 2000) 
yields a sexual-size dimorphism ratio of 1.55 (or 1.59 based 
on the comprehensive sample from Grabowski et al., 2015, p. 
90) that approaches those of gorillas (cf. Gordon et al., 2008; 
Scott & Stroik, 2006). However, this general consensus of 
gorilla-like dimorphism has been challenged by Reno and 
Lovejoy (2015) who argue for a more moderate dimorphism. 
Other evidence of body size dimorphism is apparent in the 
presumed Au. afarensis footprints at Laetoli in northern Tan-
zania that support this contentious argument for considerable 
sexual dimorphism in body size similar to that of gorillas 
(Masao et al., 2016).

Sleeping in trees to mitigate nighttime predation has had a 
long history in primate evolution and most likely reflects the 
effect of natural selection acting on failure to select appropri-
ate sleeping sites inaccessible to predators (Anderson, 1998; 
Fan & Jiang, 2008). An innate understanding that sleeping 
on the ground is hazardous is expressed by nearly all species 
of Old World monkeys. In southern India, bonnet macaques 
(Macaca radiata), Nilgiri langurs (Trachypithecus johnii), 
and Hanuman langurs (Semnopithecus entellus) choose 
sleeping sites on low weight-bearing branches near the edge 
of tree crowns to mitigate predation from heavier-bodied 
leopards (Panthera pardus) and pythons (Python molurus) 
that are agile climbers (Ramakrishnan & Coss, 2000, 2001).

Nest building in trees is evident in chimpanzees, goril-
las, and orang-utans (cf. Pruetz et al., 2008; van Casteren 
et al., 2012). Koops et al. (2007, p. 409) posit that ground-
nesting in chimpanzees (Pan troglodytes verus) in Guinea, 
West Africa, is a sex-linked behavior in which the heavier 
males construct all the elaborate ground nests. Chimpanzees 
from field sites with both low and high predation risk act as if  
they expect arboreal attacks at night because they tend to con- 
struct nests closer to the canopy edge that limits accessibility  
by leopards (Stewart & Preutz, 2013). While there are no 
reported observations of nighttime leopard predation on 
forest chimpanzees nesting in trees, daytime predation can 
be very high. For example, in the Taï National Park, Côte 
d’Ivoire, the mortality risk of leopard predation on for-
est chimpanzees is estimated to be 0.055 per year with an 
average likelihood of being killed within 18 years (Boesch, 
1991). Therefore, sleeping off the ground by chimpanzees is 
prudent for survival in areas with high predation (cf. Koops 
et al., 2007, 2012; Pruetz et al., 2008). From a phylogenetic 
standpoint relevant to the current experiment, it is reasonable 
to argue that the last common ancestor of chimpanzees and 
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humans constructed nests in trees to avoid predators at night 
(Pi, Veà, & Serrallonga, 1997).

Evolutionary Persistence of Behavioral 
Relicts

As the probable stem hominin living in a diversity of wood-
land and grassland habitats, the 3.9- to 3.0-million-year (Ma) 
period of stasis of identifiable Au. afarensis fossils (Kimbel, 
Johanson & Rak 1994; Ward, 2002) coincides with a con-
sistent pattern of fluctuating wet and dry conditions driv-
ing changes in woodlands to grasslands in the East African 
paleoclimatic record (see Fig. 6 in deMenocal, 1995). The 
continuity of recognizable Au. afarensis fossils for ~ 0.9 Ma 
is suggestive of ecological patterns of stabilizing natural 
selection on adaptive morphology and behavior in the East 
African Rift Valley (Ward, 2002). This period of stabilizing 
selection would be followed by the progressive inclusion of 
meat and fat in the hominin diet by 2.6 Ma (de Heinzelin 
et al., 1999) that would energetically support brain enlarge-
ment (Leonard & Robertson, 1994; Pontzer et al., 2016).

The bauplan of Au. afarensis consists of a mixture of 
arboreal- and bipedal-based morphology with the arboreal 
features consisting of long arms, short legs, and curved 
fingers that would facilitate slow vertical climbing. In par-
ticular, the partial skeleton of the small female A.L. 288-1 
“Lucy” has engendered extensive debates about her abil-
ity to climb trees effectively and walk with a human-like 
gate (cf. Latimer et al., 1987; Stern, 2002; Crompton, 2016; 
Melillo, 2016). This arboreal debate was partially settled 
when Lucy’s ~ 3.2 Ma fractured skeletal remains indicated 
that she died falling while climbing at considerable height 
in a tall tree (Kappelman et al., 2016).

In addition to sexual dimorphism in body size, there is 
suggestive skeletal evidence that males were less habitually 
arboreal than females. For example, the large, presumed 
male australopith KSD-VP-1/1 dated at ~ 3.6 Ma discovered 
at Woranso-Mille, Ethiopia (Haile-Selassie et al., 2010, p. 
12,124; Melillo, 2016) exhibits a scapula with a moderately 
superiorly oriented glenoid fossa (obliquely tilted shoulder 
joint cavity) coupled with a more human-like laterally fac-
ing scapular spine. In contrast, the 3.3-Ma partial skeleton 
of a 3-year-old presumed female specimen DIK-1-1 exhibits 
a more gorilla-appearing scapula with a superiorly oriented 
spine and glenoid fossa (Alemseged et al., 2006). Lucy’s 
scapular fragments are insufficient for calculating spine ori-
entation; albeit, they do show a superiorly oriented glenoid 
fossa in-between those of KSD-VP-1/1 and DIK-1-1 that 
overlaps the range of gorillas, but not humans (cf. Melillo, 
2016, p. 129; Stern & Sussman, 1983). Stern and Sussman 
(1983, p. 284) argue that the superiorly orientated glenoid 
cavity is an adaptation for elevated positioning of the arms 

during climbing. If the superior orientation of the scapu-
lar spine of juvenile female DIK-1-1 was developmentally 
maintained in adult females as it appears to be in Lucy, it 
would be another sexually dimorphic trait to complement 
heavier male body mass for asserting that male and females 
differed in their degree of arboreality as proffered by Sus-
man et al. (1984). Nevertheless, the youngest Hadar specimen 
A.L. 438-1 dated at ~ 3.0 Ma, and one of the largest males 
discovered, continues to display morphological traits useful 
for climbing, such as curved ulnae that would afford pow-
erful forearm gripping for slow vertical climbing (Drapeau 
et al., 2005). Another arboreal feature of the DIK-1-1 juvenile 
is the deep and wide olecranon fossa of the distal humerus 
(Alemseged et al., 2006) that allows slightly greater elbow 
extension (for humans see Ndou, 2018, p. 91) useful in sus-
pensory postures while climbing. As remnants of possible 
small-bodied females, the fossil ulnae A.L. 137-48a and A.L. 
322-1 m from Hadar also exhibit deep and moderately deep 
olecranon fossae, respectively (Lovejoy et al., 1982).

Another facet of hypothesized male and female niche par-
titioning is reflected by dentition adapted to chewing softer 
and harder food items. Examination of the third premolar  (P3) 
in a distribution of smaller- and larger-bodied Au. afarensis 
revealed sexual dimorphism indicated by larger tooth size and 
derived molarization of  P3s in presumed males that would 
characterize ground-level foraging on low-quality plant foods 
requiring grinding (Leonard & Hegmon, 1987). Moreover, the 
more primitive morphology of female  P3s is relatively stable 
over time suggestive of consistent arboreal foraging, whereas 
the males exhibit progressive molarization independent of 
tooth and body size that might indicate expanded terrestrial 
ranging.

I will now argue from a theoretical perspective that lighter-
bodied female Au. afarensis typically constructed nests in 
trees, while heavier males built nests predominantly on the 
ground. Females and juveniles in night nests would not be 
safe from predation as leopards currently hunt primates in 
trees mostly at night (Isbell et al., 2018; Jenny & Zuberbühler, 
2005). The earliest leopard fossil was discovered in the Laetoli 
beds of northern Tanzania dated 3.83 to 3.62 Ma in the same 
assemblage as the false sabertooth cat, Dinofelis petteri (Barry, 
1987; Turner, 1990; Werdelin et al., 2014). Dinofelis petteri 
also appears at Hadar 3.5–3.0 Ma along with the dirk-toothed 
cat Megantereon spp., another likely primate predator found 
less frequently throughout eastern Africa (Boaz, Howell & 
McCossin, 1982; Werdelin & Lewis, 2005). The short tails of 
both cats (Christiansen, 2013; Werdelin & Lewis, 2001) would 
not be useful for arboreal balancing and high-speed maneu-
vering, which suggests that these cats were short-distance 
ambush hunters. Leopards typically ambush from cover, and 
this context might account for a predation incident on a homi-
nin occurring much later in time at an Early Pleistocene site in 
Swartkrans, South Africa. As described by Brain (1970, 1981), 
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the cranial vault of a large Paranthropus robustus exhibited 
two punctures that matched the spacing of the lower canines 
of a leopard positioned on the cranium for carcass dragging to 
prevent stealing.

Due to nighttime threats from these large saber-cats and 
early leopards and lions (Panthera cf. leo, see Barry, 1987), 
it is reasonable to theorize that much like male gorillas, 
solitary Au. afarensis males, mostly constructed ground-
based nests near groups of trees with nesting females that 
also provided the opportunity for emergency tree climbing. 
Because of the availability of outcrops of eroded boulders 
from earlier lava flows near groves of trees within the East 
African Rift Valley (see King & Bailey, 2006; Bailey & 
King, 2010), it is possible that solitary males or bachelor 
groups found boulder crevices and other defensive areas like 
fault scarps useful for protection against nighttime preda-
tors (for baboons, see Cowlishaw, 1997). In either setting, 
the spatial context for predation would have been that nest-
ing females in trees (Fig. 1) were vulnerable to nighttime 
attacks by leopards ascending from underneath them, while 
ground-nesting males were vulnerable to sideways attacks 
by leopards and other large, nonarboreal cats (see Treves & 
Palmqvist, 2007). Due to its long history extending well into 
Miocene times, natural selection on appraising microhabitats 
for their refuge affordances in the human lineage would have 
likely included anticipation of the directional properties of 
potential predatory attacks.

What is the likelihood that arboreal tendencies continue 
to be expressed in modern humans? The small bodies of 
pygmy hunter-gatherers and their high humerofemoral body 
proportions arguably reflect natural selection for safe, routine 

foraging in trees. In one Philippine population, for example, 
routine tree climbing has remodeled the length of calf muscles 
facilitating extreme dorsiflexion for pedal traction during slow 
vertical climbing (Venkataramana, Kraft & Dominy, 2013, 
p. 1238). Genetic factors as well as sex hormones can also 
play a role in shaping joint hypermobility. Qvindesland and 
Jónsson (1999) report in Islandic children that 40.5% of girls 
and 12.9% of boys exhibit joint hypermobility and, in one 
African population, females of all ages are more hypermobile 
than same-age male cohorts (Beighton et al., 1973). In other 
developmental studies, young girls typically exhibit greater 
articular laxity than boys enhancing their range of motion, 
notably in ankle plantarflexion (Alanen et al., 2001; Soucie 
et al., 2011) that is also apparent in female ballet dancers on 
point. In Au. afarensis, the putative greater degree of plantar-
flexion would extend the reach of the foot for seeking branch 
support, a behavioral property thought to have been enhanced 
by the downward orientation of the proximal edge of distal 
articular facet (malleolar articular surface) of Lucy’s fibula. 
The horizontal orientation of the larger articular facets of pre-
sumed male Au afarensis falls within human range (Stern & 
Susman, 1983, p. 305), thus inspiring the construct of sexual 
dinichism in degree of arboreality (Susman et al., 1984, p. 
149); albeit, Lucy’s estimated ankle range of motion also 
includes extreme dorsiflexion that would have been use-
ful for slow vertical climbing (cf. Damiano, 2015; Latimer 
et al., 1987). Although restricted to a single population exam-
ined, Japanese men and women do differ reliably at the multi-
variate level in the orientation of the ankle malleolar articular 
surface (Sacragit & Ikeda, 1995) that might characterize a 
faint relict of arboreal niche partitioning.

Fig. 1  Photo illustration of a 
female Australopithecus afaren-
sis contemplating a predatory 
attack from the ground below



Evolutionary Psychological Science 

1 3

There is considerable individual variation in mod-
ern human female and male joint morphology that could 
be explained by prolonged relaxed selection on climbing 
leading to genetic drift. In light of the aforementioned Au. 
afarensis deep olecranon fossae and arm extension, Rogers 
(1999) reports that the distal humerus of modern females 
has a deep, oval-shaped olecranon fossa compared with a 
shallow, more triangular fossa of males. However, other 
studies report that this sex difference in elbow structure is 
highly variable and is only predictive of sex in a multivari-
ate combination with other elbow characteristics (Tallman 
& Blanton, 2020).

While continued sexual dimorphism in modern human 
body size and joint articular characteristics lend support 
to my argument for arboreal niche partitioning deep in the 
human lineage, are there perceptual and cognitive attributes 
under relaxed selection for assessing historical threats still 
persisting from Pliocene times? The current experiment on the 
relaxed selection of niche partitioning was inspired, in part, by 
evidence that California ground squirrels (Otospermophilus 
beecheyi) from snake-free and snake-rare habitats can innately 
discriminate their ancestral rattlesnake and gopher snake pred-
ators for a period spanning more than 300,000 years (Coss & 
Goldthwaite, 1995; Coss, 1991a, 1993, 1999). Snake recogni-
tion does disintegrate between this time frame and 3 Ma as 
evidence by the loss of snake recognition by Arctic ground 
squirrels (Spermophilus parryii) (Goldthwaite, Coss & 
Owings 1990). If viewed in the context of species generation 
times that introduce mutations altering adaptive patterns of 
interneural connectivity, ground squirrels have a generation 
time of 1–2 years, whereas humans have an estimated genera-
tion time of 29 years (Langergraber et al., 2012, p. 15,717). 
Scaling the evolutionary persistence of ground squirrel snake 
recognition to this much longer human reproductive rate 
yields the potential for humans to retain adaptive information 
under relaxed selection extending back in time to the Pliocene 
age of Au. afarensis.

Sex Difference in Arboreal‑Related Behavior 
of Young Children

The young of several mammalian species exhibit adult-like 
precocious behavior useful later in development that can 
be endangering, such as ground squirrel pups confronting 
a snake predator the first day they use vision for naviga-
tion (Coss, 1991a) or conspicuous stotting by Thomson’s 
gazelle fawns (Eudorcas thomsonii) when flushed by preda- 
tors (Caro, 1986; Fitzgibbon, 1990). This expression of pre- 
cocious adult-like behavior indicates that some essential 
neural circuits shaped by selection via adaptive behavior are  
installed on initial dendritic outgrowth that resists neural-
circuit remodeling with later experience (e.g., Volkmar & 

Greenough, 1972). Higher-order dendritic branches that  
are labile to experience are not fully developed at this  
stage of brain development (see “Discussion”). Such early 
neural-circuit installation on stable portions of dendritic 
trees insures reliable behavioral expression needed later in 
development. Older patterns of neural circuitry installed 
early in development might also reveal the behavior of adult  
ancestors (Coss, 1991b), thus providing the rationale for studying  
behavioral precocity in young children.

The theoretical proposition for sexual dinichism in Au.  
afarensis by Susman et al. (1984) can be viewed as a core 
hypothesis useful for testing auxiliary hypotheses of Pli-
ocene-age behavioral relicts in children. A philosophy of 
science argument for testing multiple auxiliary hypotheses 
using different methods that provide a “protective belt” 
for a core hypothesis is presented in Lakatos (1970, p. 
191) and Meehl (1990, p. 110). This was the heuristical 
approach taken for a series of studies by Coss and Goldth-
waite (1995) and Coss and Moore (2002). With this theo-
retical context in mind, I predicted that niche partitioning 
due to sexual-size dimorphism during hominin evolution 
would be reflected in children’s climbing and refuge-
seeking behavior. For example, sex difference in climb-
ing motivation was reported for a small sample of New 
Zealand kindergarten children (Halliday & McNaughton, 
1982). These researchers mention that the most-preferred 
activity of girls was climbing playground structures while 
boys engaged in more high-intensity activity on the ground. 

A more explicit follow-up question (Coss and Goldthwaite, 
1995) was directed at determining whether girls climbed play-
ground structures in American elementary schools more often 
than boys, a behavioral property that would characterize a desire 
to climb off the ground during recess. Sampling of 13 elemen-
tary schools based on age revealed reliably larger frequencies of 
girls 5 to 11 years old climbing on playground structures (except 
rings and swings) than same-age boys. Sex difference in climb-
ing competence was then derived from the 1985–1989 US Prod-
uct Safety Commission database, showing that girls less than 
7 years of age were less likely to require hospitalization from 
falling from jungle gyms and monkey bars than same-aged boys. 
A sex difference was also apparent when young girls balanced 
with extended arms on a balance beam compared with boys who 
tended to balance less effectively with their arms by their sides 
(see Coss and Goldthwaite 1995, p. 128).

In a related study of refuge-site choice that included simu-
lated climbing and hiding, Coss and Moore (2002) presented 
4- to 6-year-old Israeli children with computer-generated 
images of a virtual tour of an African rock outcrop composed 
of a cluster of large boulders and an adjacent acacia tree. 
This scenario was not unlike the aforementioned scenario 
of refuge-site choice of Au. afarensis males and females for 
protection against predators at night. Girls were predicted to 
climb the acacia tree after seeing an image of a large male 
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lion, whereas boys were predicted to seek shelter in a crevice 
between two boulders. After viewing the lion randomly from 
each of three refuge vantage points (the interior of the crev-
ice, top of boulder, and acacia-tree canopy), the children were 
then requested to point to where they would go to feel safe. A 
reliably larger frequency of girls chose the acacia tree canopy 
for refuge than the other two sites, while a larger frequency 
of boys chose the crevice, but this locational preference in 
boys was not statistically significant. In another experiment 
in the same series, Coss and Moore (2002) requested 3- to 
4-year-old American children without tree-climbing experi-
ence to climb silhouettes of trees with their fingers after being 
told that a lion was nearby. In this scenario, the girls differed 
reliably from the boys by selecting refuge sites closer to the 
crown edges of trees with wide crowns not unlike the afore-
mentioned nighttime arboreal refuge selected by Old World 
monkeys (Ramakrishnan & Coss, 2000, 2001) or after detect-
ing leopards (Busse, 1980). Follow-up game-like research 
addressing a similar question presented realistic models of a 
leopard or female mule deer (Odocoileus hemionus) suddenly 
from a 15-m distance to individual preschool children in a 
large preschool playground with a variety of climbable and 
concealing structures (Coss and Penkunas, 2016). Each child 
was prompted to go where she/he felt safe with the prediction 
that after seeing the leopard, the girls would differ from the 
boys by not seeking refuge in enclosed playground structures 
that afforded concealment. This prediction was supported 
because a reliably larger frequency of boys chose concealing 
structures to hide whereas the girls chose open areas where 
they could monitor the leopard. There was no sex difference 
in concealed or open refuge choice for the mule-deer model.

Children’s Nighttime Fear

Studies of children’s nighttime fear have had a long history in 
psychology. Hall (1897, p. 153) collected narratives of chil-
dren’s fears, showing that girls were more fearful of “darkness” 
than boys, including the presence of imaginary ghosts. Devel-
opmental research on children’s nighttime fear has focused 
mostly on its clinical implications to childhood anxiety and 
experiential factors engendering fear and coping behavior (cf. 
Mooney et al., 1985; Zisenwine et al., 2013). Other studies 
focus on defining the properties of fearfulness and the role of 
imaginary creatures. For example, Bauer 1976, p. 70) inter-
viewed nineteen 4- to 6-year-olds with the questions: “Are you 
afraid when you go to bed at night? What are your afraid of?” 
Audio recordings of children’s comments were then rated for 
categorizing content. Nighttime fear was reported by 52.6% 
of children, whereas monsters and ghosts were reported by 
73.7% of these children, an incongruity suggesting that direct 
questioning about nighttime fear might engender inhibition 
in answering positively. Muris and colleagues (2001, p. 19) 

expanded this research on nighttime fear with a larger sample 
of 4- to 6-year-olds, reporting that 58.8% of children were fear-
ful at night and that “imaginary creatures” were described by 
many more children than “animals.” Older 8- to 16-year-old 
children and adolescents were asked similar questions in a fol-
low-up study about being fearful at night (Gordon et al., 2007). 
Reliable sex differences were found for all participants, with 
72% of females and 54.6% of males reporting nighttime fear. 
A reliably larger frequency of females (21.9%) reported being 
fearful of the category “environmental threats” than males 
(14.5%). However, in these older children, imaginary creatures 
were reported by males and females at low frequencies of 5.4% 
and 5.2%, respectively. Together, these studies examining sex 
differences in arboreal tendencies and refuge choice in young 
children coupled with research on children’s nighttime fears 
set the stage for examining whether preschool children reveal 
an evolutionary persistence in assessing the location of a night-
time threat from either above, side, or below locations.

Experimental Questions and Hypotheses

The current experiment evaluates the hypothesis that human 
males and females would differ in assessing the location of a  
nighttime threat from either above, side, or below locations.  
This is one of the auxiliary hypotheses derived from the 
fundamental core hypothesis of sexual dinichism (i.e., niche 
partitioning) in the hominin lineage (Coss and Charles, 
2004, p. 207) that was complemented by the aforementioned 
research on sex differences in children’s climbing motivation 
and refuge-site choice in an antipredator context (Coss and 
Goldthwaite, 1995; Coss and Moore, 2002; Coss and Pen- 
kunas, 2016). For the female component of the auxiliary 
hypothesis in which preschool girls and women were given 
choices of above, side, and below locations, it was predicted 
that the historically innate dread of something dangerous 
below them at night would predominate in both age classes. 
For the male component of the auxiliary hypothesis in which 
preschool boys and men were given the same three loca- 
tions to choose, the historically innate dread of something 
dangerous approaching from their sides would predominate 
in both age classes. Neither sex was predicted to select the 
above location.

Materials and Methods

Participants

Two hundred nine typically developing 3- and 4-year-old 
children were sampled from 13 preschool and daycare set-
tings in Sacramento, Solano, and Yolo counties, northern 
California. The group of boys consisted of 50 (3-year-olds) 
and 59 (4-year-olds). The group of girls consisted of 49 
(3-year-olds) and 51 (4-year-olds). Only a subset of these 
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children who reported fearfulness of something scary nearby 
at night was interviewed further about their locational fear. 
The ethnicities of these children were European (89%), 
South Asian (5.6%), East Asian (2%), Hispanic/Native 
American (2%), and African American (1.4%).

Adult participants consisted of 156 men and 336 women 
with an average age of 21 years, ranging in age from 19 to 
36 years. The ethnicities of these adults were 48% Euro-
pean, 32% East Asian, and 20% South Asian, Hispanic/
Native American, and African American. Only those adults 
who recalled being fearful at night as children continued to  
answer questions about their locational fears. All adult par-
ticipants were enrolled in 6 upper division classes within 
the Psychology Department of the University of California, 
Davis. Sampling of child and adult participants was con-
ducted over a 2-year period under Human Subjects pro-
tocols HSRC 91-243 and 93-321R from the University of 
California, Davis. The parents of all child participants were 
provided with consent forms describing the experiment 
that were signed and returned to the preschool and daycare 
settings. Adults were provided with a similar experiment-
consent form as part of their survey instrument.

Survey Instrument and Procedure

To begin the survey, a child with parental permission was 
selected randomly for an interview in a separate room apart 
from the other children. Interviews were conducted by 12 
trained female undergraduate students enrolled in consecu-
tive upper division research courses emphasizing psychobio-
logical experiments. Prior to development of a specific inter-
view protocol, exploratory interviews of children discovered 
that preschool children were typically reluctant to answer a 
direct question of whether they were fearful of something 
scary at night. This reluctance was circumvented by using 
past-tense phrasing of “When you were little…”.

Each child was asked the following get-acquainted 
questions related to their sleeping situation followed by 
specific questions about their nighttime fear: (1) Record 
whether she/he sleeps alone or with another child or adult. 
(2) Record whether they sleep low or high off the ground 
(recorded as the on a mat on the floor, single bed, or bunk 
bed). (3) “Do you have a night light in your bedroom?” 
(4) If the child says “yes,” ask the following: “Do you 
like your night light on at night?” If the child says “no” to 
having a night light, ask the following: “Would you like 
a night light in your bedroom at night?” Tell the child: 
“Some kids like night lights because they think that scary 
things are in their rooms at night.” (5) Ask the child the 
following: “When you were little, did you ever think there 
were scary things in your room?” (Prompt only if there is 
language difficulty and record the child’s response as yes 
or no). (6) If the child responds with “yes,” proceed with 

the following statements. “Let’s pretend that you are little 
and this room (in here) is your bedroom. Can you tell me 
where you thought the scary thing might be?” The choices 
were as follows: (Above) near or above ceiling, as on the 
second floor; (Side) behind closet door/s, cabinets, or out-
side window/s; (Below) underneath the bed, on floor (or 
first floor). If the child selects more than one location, such 
as side and below, encourage the child to select just one 
location (i.e., the scariest or most likely place the scary 
thing might be). Record the child’s location choice and 
write down any unprompted comments about the scary 
thing.

The adult questionnaire distributed to students in each 
classroom described the questionnaire as an environmental-
psychology survey requiring consent to participate. Ques-
tions on topics unrelated to the current study were presented 
first, followed by questions derived from the children’s in-
person survey of nighttime fear: (1) When you were little, 
did you ever think there were scary things in your room at 
night? If the participant marked yes on the questionnaire, 
she/he was requested to continue answering only one of the 
three remaining questions. (2) Was the scary thing located 
above you, such as near or above ceiling, as on the second 
floor? (3) Was the scary thing located to your side, such 
as behind closet doors/s, cabinets, or outside windows? 4) 
Was the scary thing located below you, such as underneath 
the bed, on floor (or first floor)? The three location ques-
tions were presented in different orders in the distributed 
questionnaires.

Results

Qualitative Analyses

Frequencies of nighttime fear of scary things were almost 
identical for the 3-year-old boys and girls and very similar 
for the 4-year-old boys and girls. The following frequen-
cies represent all children who were sampled, were fearful 
of something scary in their rooms, and selected one loca-
tion where they thought the scary thing was located. For the 
3 year-old boys (n = 50), 35 (70.00%) were fearful, with 32 
children selecting only one location. For the 3 year-old girls 
(n = 49), 34 (69.39%) were fearful, with 33 selecting only 
one location. For the 4 year-old boys (n = 59), 44 (74.58%) 
were fearful, with 42 selecting only one location. For the 
4 year-old girls (n = 51), 39 (76.47%) were fearful, with 33 
selecting only one location.

A slightly larger proportion of adults remembered being 
fearful of something scary in their bedrooms at night. For 
the men (n = 156), 126 (80.77%) were fearful, with 124 
selecting only one location. For the women (n = 336), 283 
(84.23%) were fearful, with 280 selecting only one location.
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Quantitative Analyses

The numbers of children and adults indicating only one loca-
tion where they thought the scary thing was located in their 
bedrooms at night were examined in a contingency table. Com-
parisons of frequencies were made using multinomial log lin-
ear analyses with maximum likelihood estimations. Data parti-
tioning (see Agresti, 2002 p. 82) was used to examine planned 
contrasts relevant to the threat-location hypotheses. Data from 
3- and 4-year-old children were pooled because the age by 
location interactions for each sex were not statistically signifi-
cant (boys: p = 0.186; girls: p = 0.448). For the entire contin-
gency table of children and adults (Table 1), log-linear analysis 
revealed that the age by sex by location interaction was not sta-
tistically significant (Likelihood ratio χ2

2 (N = 544) = 1.604, 
p = 0.449), whereas the sex by location interaction was sig-
nificant (Likelihood ratio χ2

2 (N = 544) = 29.847, p < 0.001) 
with a medium effect size (Cohen’s d = 0.50). As expected, 
the age by location interaction was not statistically significant 
(Likelihood ratio χ2

2 (N = 544) = 0.915, p > 0.5). Important 
for addressing the children’s hypothesis, planned contrast of 
sex by location for the 3- and 4-year-old children (Fig. 2a) 
revealed a statistically significant interaction (Likelihood ratio 
χ2

2 (n = 140) = 15.491, p < 0.001) with a medium effect size 
(Cohen’s d = 0.70). The interaction of sex by location for 
the adults (Fig. 2b) was also significant (Likelihood ratio χ2

2 
(n = 404) = 16.337, p < 0.001), exhibiting a medium effect 
size (Cohen’s d = 0.41).

Comparison of age for each sex revealed that the pre-
school boys and men did not differ appreciably in the inter-
action of age by location (n = 198, p = 0.37). However, the 
preschool girls and women exhibited an interaction of age 
by location that was significantly similar (Likelihood ratio 
χ2

2 (n = 346) = 0.086, p > 0.95). Data partitioning further 
revealed that the preschool boys exhibited a significantly 
different frequency distribution for the three locations (χ2

2 
(n = 74) = 46.730, p < 0.001) and specifically for the planned 
contrast of side (70.27%) and below (20.27%) locations (χ2

1 
(n = 67) = 21.624, p < 0.001) that showed a large effect size 
(Cohen’s d = 1.38). This reliably larger proportion of boys 
selecting the side location for the scary thing supports the 
hypothetical construct of an evolutionary persistence of a cog-
nitive relict derived from ancestral males anticipating a threat 
from their sides. The preschool girls also exhibited a signifi-
cantly different frequency distribution for the three locations 
(χ2

2 (n = 74) = 25.844, p < 0.001), but their frequencies for 

side (40.91%) and below (51.52%) locations were not reliably 
different (n = 61, p = 0.37). This result for preschool girls does 
not support the hypothesis for a cognitive relict derived from 
ancestral females that distinguishes side and below locations 
for a potential threat at night.

Similar to the preschool boys, the men exhibited frequen-
cies for the three locations that differed significantly (χ2

2 
(n = 124) = 64.962, p < 0.001) and specifically for the planned 
contrast of side (63.71%) and below (29.03%) locations (χ2

1 
(n = 115) = 16.476, p < 0.001) that showed a large effect 

Table 1  Contingency table of 3- 
to 4-year-old children and 19- to 
36-year-old adults selecting one 
location for a “scary thing” in 
their bedrooms at night

Males Females

Locations: Above Side Below Above Side Below

Children: 7 52 15 5 27 34
Adults: 9 79 36 21 120 139

Fig. 2  Frequency distributions of 3- to 4-year-old children (a) and 
adults (b) selecting locations for a scary thing near their beds at 
night. The interactions of sex by location were statistically significant 
for both age classes (p < 0.001). Planned contrasts showed that the 
side and below locations differed significantly for boys (p  <  0.001, 
d = 1.38) and men (p < 0.001, d = 0.82), but not for girls and women
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size (Cohen’s d = 0.82). This finding supports the hypothesis 
that a larger proportion of men would select the side location 
compared with the below location. The frequency distribu-
tion of women for the three locations was also significant (χ2

2 
(n = 280) = 108.392, p < 0.001). However, a planned con-
trast of side (42.86%) and below (49.64%) locations indicated 
that these frequencies did not differ appreciably (n = 259, 
p = 0.238), thereby disconfirming the hypothesis that a much 
larger proportion of women would select the below location.

Content Analyses of Described Scary Things

Since there were no predictive hypotheses associated with 
the children’s comments, the proceeding content analyses 
reveal descriptive findings with reliability estimates pos-
sible useful for subsequent research. Preschool girls were 
more vocal than the boys, with 42 girls (63.6%) naming 
scary things, such as dinosaurs/dragon, ghosts/demons, 
insects, snakes, spiders, monsters, and witches (i.e., imagi-
nary threatening agents), compared with 34 boys (45.9%). 
Monsters were the predominant scary thing mentioned, with 
similar frequencies for boys (40.6%) and girls (35.7%). Cul-
tural images of Halloween (ghosts and witches) were also 
expressed at similar frequencies by boys (20.6%) and girls 
(26.2%). Among the 13 girls who mentioned animals, 3 
girls said cats and 4 said tigers. Only 1 boy mentioned a 
tiger among the animals 11 boys described. With cats and 
tigers grouped as felid agents, the interaction of sex by agent 
type yielded a significant interaction (χ2

1 (N = 24) = 5.906, 
p = 0.015).

A larger proportion of girls (n = 17) described threaten-
ing action by these agents than the boys (n = 9) associated 
with their choices of locations. Most of the girls’ action com-
ments involved the below location: “coming up or come up” 
(below; n = 4), “tigers jumped up” (below), “pull me under 
bed” (below), “came out from under bed” (below), “crawl-
ing creatures” (below), “you can’t catch me” (below), “toys 
bumped me up and down” (below), “pinch-bite me” (below), 
“wiggling bed” (below), “will eat me” (below), “under bed 
they don’t like lights” (below), “biting hats behind closet 
doors” (side), and “in close to get me” (side). The action 
comments of the boys were similar, but emphasized the side 
location: “sits on head” (above), “ready to jump” (side), “sit-
ting on cabinet” (side), “come out” (side), “hide in corners” 
(side), “came in from outside” (side), “come through door” 
(side), “looks under covers” (side), and “crawl under bed” 
(below). The interaction of sex by these locations was sig-
nificant (χ2

2 (N = 26) = 16.526, p < 0.001) with the largest 
proportion of girls (88.2%) indicating the below location. It 
is important to note that none of the boys expressed action 
terms like “coming up, come up or jumped up” reflecting a 
threat from below.

Exploratory Study of Children Under 3 Years of Age

While the current experiment interviewed 3- to 4-year-
old children for hypothesis testing, my research team also 
interviewed 18 children with parental permission younger 
than 3 years of age that provided insight into the earli-
est expression of nighttime fear with locational compo-
nents. Thirteen children (8 girls, mean age = 30 months, 
range = 23–34 months; 5 boys, mean age = 28 months, 
range  =  24–33  months) provided locational informa-
tion on the scary thing vocally or by pointing. All 5 boys 
selected the side location whereas for the girls, one (12.5%) 
selected above, one (12.5%) selected the side, and six (75%) 
selected the below location. Although tentative in statisti-
cal inference due to the small sample size, this frequency 
distribution yielded a reliable sex by location interaction 
(χ2

2 (N = 13) = 13.380, p = 0.001). The youngest child, 
a 23 month-old girl, selected the below location with the 
comment “grab me,” an expression of threat assessment that 
might inspire further study of the nighttime fear of children 
younger than 3 years of age.

Discussion

The aim of the current experiment was to examine whether 
the nighttime fear of preschool children included historical 
expectations of the directions of where a “scary thing” was 
located relative to their beds. Preschool children were stud-
ied, in part, to corroborate adult recollections of their night-
time fears and the locations of scary things for subsequent 
study. For both age classes, sex differences in the choices 
of above, side, and below locations were evaluated using 
interviews of preschool children and adult questionnaires. 
Preschool children and adults were not expected to differ 
appreciably in their choices of the three locations. Indeed, 
the preschool boys and men exhibited similar frequency dis-
tributions of location choices while the distributions of the 
three locations selected by preschool girls and women were 
significantly similar.

Specific hypotheses of sex differences in assessment of 
the location of a scary thing were predominantly based on 
how the body size of extant great apes constrains arboreal 
nest construction as antipredator refuge and fossil evidence 
of sexual-size dimorphism in Australopithecus afarensis. 
Based on this fossil evidence, heavier-bodied males, unlike 
their female and juvenile counterparts, would likely have had 
limited access to safe places high in trees for constructing 
nests to mitigate nighttime predation. Relegated to nesting 
lower in trees but mostly on the ground, Au. afarensis males 
would have experienced a long history of natural selection 
operating on successful anticipation of ground-level threats 
and execution of evasive behavior. Thus, the explicit male 
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component of the auxiliary hypothesis, derived from the core 
hypothesis of ancestral sexual dinichism affecting modern 
behavior (Coss and Charles, 2004), predicted that preschool 
boys and men would choose the side location for the scary 
thing. Consistent with this hypothesis, reliably larger propor-
tions of preschool boys and men selected the side location 
compared with the below location, properties that contrib-
uted markedly to the statistically significant interaction of 
sex by the three locations for each age class (see Fig. 2).

For developing the female component of the auxiliary 
hypothesis, it was reasonable to proposed that lighter-bodied 
Au. afarensis females nesting high in trees at night would 
have anticipated potential danger from large-bodied felids 
on the ground or coming up to attack. Therefore, females 
in both age classes were predicted to select the below loca-
tion relative to their beds. Although larger frequencies of 
preschool girls and women selected the below location more 
than the side location for the scary thing, the planned con-
trasts of side and below locations were not statistically sig-
nificant for either age class, thereby disconfirming this fea-
ture of the female hypothesis. As predicted, both age classes 
selected the above location at low frequencies.

While the reliable statistical interactions of sex by location 
in both age classes support the fundamental property of the 
auxiliary hypothesis driven predominantly by the low frequen-
cies of males selecting the below location, the relatively simi-
lar frequencies of females selecting side and below locations 
require further interpretation. In retrospect, this disconfirma-
tion of my prediction that side and below locations would be 
distinguished by females reflects, in part, my theoretical con-
centration on the last representative of Au. afarensis ~ 3 Ma as 
the beginning of relaxed selection on female arboreality rather 
than considering the evolutionary effects of increased ground 
nesting by females. That is, the gradual diminution of female 
arboreality during the likely transformation period of Aus-
tralopithecus afarensis to Homo (see Villmoare et al., 2015) 
would have been accompanied by positive natural selection on 
ground-nesting females for enhanced anticipation of predatory 
threats from their sides. This period of derived generic trans-
formation coincides roughly with the decline in lake levels 
after 2.7 Ma (Trauth et al., 2007), a decrease in humid for-
ests, and expansion of grassland-savanna habitats (cf. Bobe &  
Behrensmeyer, 2004; Kingston & Harrison, 2007) that would 
have also engendered natural selection for greater biome-
chanical efficiency in walking (Carey & Crompton, 2005). 
Irrespective of relaxed selection on assessment of predatory 
threats from below, an additional 2 Ma for positive selection 
operating on female anticipation of ground-level threats at 
night would encompass the advent of Homo erectus, archaic 
humans, and anatomically modern humans. This total 2.7-Ma 
time frame of natural selection might be sufficient to explain 
the large proportion of females choosing of the side location 
in the current experiment.

The comments of the preschool children examined by 
content analyses characterized how the children evaluated 
their nighttime threats. A larger proportion of girls made 
unprompted comments than the boys did; albeit, their 
descriptions of monsters, ghosts, and dangerous animals 
were similar. However, their increased spontaneity in mak-
ing comments might reflect developmental differences in 
the rate of language proficiency at the ages tested (Lange 
et al., 2016; Wallentin, 2009). A putative sex difference in 
vocabulary might account for more girls making comments 
relative to the boys, but it would not explain why girls pro-
vided reliably more comments of dangerous actions by the 
scary thing coming from below their beds.

The development stability of nighttime fear at 3- and 
4-years of age was expected, in part, due to the past-tense 
phrasing of the question of “When you were little…” The 
preschool boys and girls from both age classes were similarly 
fearful of the scary thing at night, with an average frequency 
of fearfulness (72.73%) closely approximating the frequency 
(72.9%) reported for older females by Gordon and colleagues 
(2007); although unlike the current study, the juvenile and 
adolescent males in their study were reliably less fearful 
(54.6%) than the females. Moreover, in the current study, 
83.13% of adults reported experiencing nighttime fear as chil-
dren that suggests a robust continuity of salient recollections.

In further study of the adult remembrances of nighttime 
fears as children, Cathleen Hunt, one of the undergradu-
ate interviewers of preschool children, continued to pursue 
research at the graduate level, examining cross-national 
differences by Americans, Batswana, Danes, Germans, 
Hondurans, and Zimbabweans. Hunt (1997) reported a 
significant main effect of sex, in which females indicated 
that they were more fearful than males of a scary presence 
under their beds as children. The statistical interaction of 
sex and country was also significant, in which American, 
Batswana, and Danish women were more fearful of some-
thing scary below their beds than males, whereas Honduran 
and Zimbabwean men and women did not differ appreci-
ably. This latter result suggests that cultural factors during 
child development might restructure the locational aspects 
of children’s nighttime fear.

The precocious expression of nighttime fear in children 
under 3 years of age that included the locational assessment 
of danger is relevant to my argument about the develop-
mental stability of evolved neural circuits installed early in 
the developing brain for adaptive utility later in life. Based 
on this exploratory evidence, it is reasonable to argue that 
the installation of interneural connections mediating the 
locational attributes of nighttime fear occurs on the initial 
outgrowth of dendritic branches of neocortical neurons in 
prefrontal (Mrzljak et al., 1992) and parietal cortices during 
the first year of life. This is the time frame of extensive post-
natal gene expression for neurotrophins shaping neuronal 
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morphology (Wong et al., 2009) and the overproduction 
of synapses on dendritic spines that are pruned later in 
development (Huttenlocher & Dabholkar, 1997; Petanjek 
et al., 2011). Such synaptic tailoring requires appropri-
ate experience for stabilizing dendritic spines for current 
and later utility (Chen & Zuo, 2014; Basu & Lamprecht, 
2018). Despite broad neuronal reorganization with synaptic 
pruning coupled with “experience-dependent” growth of 
higher-order dendrites (cf. Black & Greenough, 1986; Petit 
et al., 1988; Volkmar & Greenough, 1972), the synaptic 
connections installed on initial dendritic outgrowth subserv-
ing survival-oriented behaviors must be stabilized already 
without explicit predator-related experiences in order to 
await the stochastic circumstances of predator encounters 
later in life. As an example of an awaiting antipredator sys-
tem organized on the initial outgrowth of dendritic branches 
(Coss, 1991a, 1991b), California ground squirrels reared in 
isolation until adulthood still express innate expectations 
that snakes can lurk in dark burrow entrances (Tromborg & 
Coss, 2015). Similar isolation rearing of laboratory rats is 
known to suppress the growth of higher-order dendrites in 
laboratory rats (Volkmar & Greenough, 1972).

Coincidental with dendritic spine overproduction and 
pruning in humans, the growth rate of neocortical grey mat-
ter is linear during the first year, stabilizing in growth rate 
after 2 years of age (Gilmore, Knickmeyer & Gao, 2018). 
Specifically relevant to the onset of assessing imaginary 
locational threats, this 1- to 2-year time frame is accom-
panied by the increasing thickness of neocortical layers 2 
and 3, that contributes to surface-area expansion and cor-
tical folding of temporal, prefrontal, and parietal regions 
compared with other neocortical brain regions (Landing 
et al., 2002; Li et al., 2013, 2014). In particular, the pos-
terior parietal cortex of adults employs spatial coordinates 
for modulating attention and visual imagery (Corbetta 
et al., 2000; Ishai et al., 2000) relevant to the locational 
properties of nighttime fear in children.

The locations of imaginary images engendering nighttime 
fear of young children are clearly contextual with respect to  
bedroom geometry and being alone in the dark (see El Rafihi-
Ferreira et al., 2019). The emergence of scary imaginary 
images in the dark and their directional components in young 
children could reflect neural-circuit exercising as contextual 
rehearsals for later use in a world that exists today only in 
developing countries with dangerous felid predators that 
attack at night (see Corbett, 1948; Packer et al., 2011, 2019). 
With evidence that adult remembrances are relatively accu-
rate representations of childhood nighttime fear, subsequent 
research might consider examining the role of social facilita-
tion (see Rachman, 1977) in shaping children’s nighttime fear 
and related fears that are also expressed in adulthood.
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