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Abstract – Neandertal adults show differences in diet with 
respect to paleohabitat. To examine whether Neandertal 
children of France during Marine Isotope Stage 3 also 
show these dietary distinctions, the deciduous second 
molars of Pech de l’Azé I, from a cold-temperate period, 
and Hortus II from Sub-Phase Vb, an extreme cold-arid 
interval, were examined using dental microwear texture 
analysis. The comparative sample (n=76) includes decidu-

ous molars from Neolithic forager-farmers of Belgium, 
including Caverne de la Cave at Maurenne (n=5), Sclaig-

neaux (n=7) and Bois Madame (n=6), Roman-era farmers 
from Herculaneum (n=15) and Medieval agriculturalists 
from Canterbury, England (n=43). When complexity is 
compared to anisotropy, Pech de l’Azé I exhibits an ele-

vated value from the mastication of plants with hard parts 
or adherent particles, or the consumption of foods that 
were poorly processed or grit-laden, whereas Hortus II 
presents a low value, perhaps from limited access to hard 
plant parts such as seeds and nuts. However, Pech de 
l’Azé I and Hortus II resemble each other in having a low 
value for anisotropy, which is indicative of complicated 
movements of the jaws during mastication and are dissim-

ilar to Neolithic, Roman and Medieval human children who 
tend to have higher values. The diets of Neandertal children 
differ with respect to paleohabitat and typically were more 
diverse than those of food producers regardless of whether 
they inhabited wooded or open environments.

Keywords – Maurenne Caverne de la Cave, Sclaigneaux, 
Bois Madame, Herculaneum, deciduous molars

Résumé – Les adultes néandertaliens présentent des diffé-

rences de régime alimentaire en fonction de leur paléoha-

bitat. Nous examinons si les jeunes enfants néandertaliens 
de France datant du stade isotopique marins 3 montrent 
également ces distinctions alimentaires à partir de l’étude 

de la texture des micro-usures dentaires des deuxièmes 

molaires déciduales des individus Pech de l’Azé I, datant 
d’une phase froide-tempérée, et Hortus II, datant d’une 
phase froid-aride extrême. L’échantillon comparatif (n=76) 
comprend des molaires déciduales d’agriculteurs-cueilleurs 

provenant de trois grottes néolithiques de Belgique, dont 
Caverne de la Cave à Maurenne (n=5), Sclaigneaux (n=7) 
et Bois Madame (n=6), ainsi que des agriculteurs de 
l’époque romaine d’Herculanum (n=15) et médiévaux de 
Canterbury, Angleterre (n=43). Lorsque la complexité est 
comparée à l’anisotropie, Pech de l’Azé I présente une valeur 
élevée provenant de la mastication de plantes à parties dures 

ou de particules adhérentes, ou de la consommation d’ali-
ments mal transformés ou chargés de silicates abrasifs. En 
revanche, Hortus II a une valeur faible, peut-être en raison 
de l’accès limité aux parties dures des plantes comme les 

graines et les noix. Toutefois, Pech de l’Azé I et Hortus II 
se ressemblent en présentant une faible valeur d’anisotropie 
qui est révélatrice de mouvements complexes des mâchoires 
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lors de la mastication et sont différents des enfants humains 
néolithiques, romains et médiévaux qui ont tendance à 
avoir des valeurs plus élevées. Les régimes alimentaires 

des enfants néandertaliens diffèrent en fonction du paléo-

habitat et sont généralement plus diversifiés que ceux des 
producteurs d’aliments, qu’ils habitent des environnements 
boisés ou ouverts.

Mots clés – Caverne de la Cave à Maurenne, Sclaigneaux, 
Bois Madame, Herculaneum, molaires déciduales

Introduction

Several studies have found that Neandertal adult diets 
vary with respect to climate extremes and paleoecology 
(El Zaatari et al., 2011, 2016; Fiorenza et al., 2011; 
Williams et al., 2018). For example, in warmer periods or 
regions, tree cover was more extensive and the range of 
plant foods increased, from staples such as grass seeds and 
underground storage organs to mushrooms, dates, pine nuts 
and tree moss (Henry et al., 2011; Weyrich et al., 2017). In 
contrast, under colder climate regimes, Neandertal adults 
were forced to subsist more exclusively on returns from the 
hunt and had fewer opportunities to exploit plants, although 
they still did (Hardy, 2018; Power et al., 2018). For exam-

ple, Neandertals from Hortus cave Sub-Phase Vb, a colder 
period with a remarkable dearth of evidence of plant food 
consumption, differ from slightly warmer-wetter phases of 
the sequence where a heavier plant food signal is evidenced 
(Williams et al., 2018). In contrast, Spy I, from a slightly 
warmer period of Marine Isotope Stage (MIS) 3 albeit 
on the habitable fringe of northwest Europe, may have 
consumed plants more extensively than counterparts to the 

south and east (Williams et al., 2019).

Although ecogeographic distinctions in diet characterize 
adults, whether such dietary differences exist in Neander-
tal children is largely unknown. To examine this question 
further, we chose to investigate the deciduous molars of two 
Neandertals from disparate locations and climatological 
conditions of France during MIS 3. These include Pech de 
l’Azé I, dated to a temperate interval of southcentral France 
and Hortus II from a particularly cold and arid habitat of 
the Mediterranean littoral (figure 1). These Neandertal chil-
dren are compared to the deciduous molars preserved from 
three Neolithic collective burials of Belgium, the Roman-era 
fishing village of Herculaneum and Medieval Canterbury, 
England using dental microwear texture analysis to infer 
the diet.

Dental microwear texture analysis

Dental microwear texture analysis has aided the recon-

struction of dietary behavior in Plio-Pleistocene australopiths 
(Scott et al., 2005), Homo erectus (Ungar et al., 2012), 
Neandertals (El Zaatari et al., 2011; Karriger et al., 2016; 
Estalrrich et al., 2017; Williams et al., 2018, 2019, 2021, 
2022a), Upper Paleolithic Europeans (El Zaatari et al., 
2016) and Holocene humans (Remy and Schmidt, 2016; 
Da-Gloria and Schmidt, 2020; Kelly et al., 2020; Williams 
et al., 2020, 2022b), and is based on the principle that foods 
and contaminants damage enamel as angular particles sep-

arate enamel crystallites from their adhering protein bonds. 
The loss of enamel typically is expressed as pit-like features, 
or linear scratches. These features can be deep or overlaying 
each other, which creates an uneven surface at microscopic 
scales. Likewise, the features can be oriented in all direc-

tions, or favoring a particular direction. Surface character-
istics like these make up surface textures, which vary 

Figure 1. Localisation of Pech de l’Azé I and Hortus II caves / Localisation des grottes de Pech de l’Azé I et de l’Hortus II
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based on diet, food processing, and masticatory behavior 
(Scott et al., 2005, 2006, 2012; Krueger et al., 2008, 2017, 
2019; El Zaatari et al., 2011, 2016; Ungar et al., 2012; 
Karriger et al., 2016; Remy and Schmidt, 2016; Schmidt 
et al., 2016, 2019, 2020; Estalrrich et al., 2017; Da-Gloria 
and Schmidt, 2020; Kelly et al., 2020). Two textural prop-

erties previously used to indicate surface complexity and 
feature orientation are area-scale fractal complexity (Asfc) 
and anisotropy (epLsar) (Scott et al., 2005, 2006; Schmidt 
et al., 2019).

Complexity

Area-scale fractal complexity is the measure of the un-

evenness of a surface at fine scales. Its calculation stems 
from a fractal-based computation that compares the overall 
3D surface contour to a 2D plane of the same area (Scott 
et al., 2006). Higher complexities indicate a greater surface 
relief. Foods that elevate complexity values in human enamel 
tend to be hard and, at times, brittle. Some are harder than 
enamel, like opal phytoliths and accidentally ingested par-
ticles of sand, silt, and clay; brittle foods such as seeds and 
nuts, invertebrate exoskeletons, mollusk shell, and certain 
bones shatter into angular pieces (Scott et al., 2012; Calan-

dra et al., 2012; Schmidt et al., 2020) (figure 2). Brittle foods 
need not be harder than enamel to remove it if their frag-

ments are angular enough to prize enamel crystallites from 
their adhering proteins.

Anisotropy

When hard food items are repeatedly drawn across the 
enamel surface during molar occlusion, the resulting 
damage consists of scratches or striations. The degree of 
patterning of these scratches can be estimated using the 
exact proportion length-scale anisotropy of relief (epLsar), 
or anisotropy (Scott et al., 2005, 2006, 2012). Striations 
oriented in a similar direction are indicative of masticatory 
events involving repetitive chewing, typically in a side-
to-side motion of the lower jaw, generating elevated aniso-

tropy values (figure 2). In contrast, when microwear texture 
striations are patterned such that there is no preferred direc-

tion, the anisotropy value is low (Scott et al., 2006; Schmidt 

Figure 2. Idealized rendering of surfaces having high com-plexity (a) and high anisotropy (b) (adapted from Schmidt et al., 2019) / Rendu idéalisé des surfaces avec une complexité 
élevée (a) et une anisotropie élevée (b) (adapté de Schmidt 
et al., 2019)

et al., 2019). Tough and fibrous foods tend to render mi-
crowear striations that are patterned because they require 
multiple cycles of directional chewing. Harder foods and/
or diverse diets tend to generate non-patterned striations 

because the jaw moves in multiple directions to break down 
foods having different mechanical properties. In humans, 
it is common for foraging groups, who eat a sizable range 
of foods, to have lower anisotropy and farmers, dependent 
on tough plant foods that were masticated using uniform 
movements of the jaws, to yield relatively elevated values 
(Scott et al., 2006, 2012; El Zaatari, 2010; Schmidt et al., 
2016, 2019, 2020).

Deciduous dentition

Pech de l’Azé I and Hortus II are both represented by 
deciduous molars. Whereas permanent molars have been 

the focus in studies using dental microwear texture analy-

sis, the deciduous dentition is becoming more frequently 
addressed (e.g., Mahoney et al., 2016; Remy and Schmidt, 
2016; Scott and Halcrow, 2017; Bas et al., 2020; Kelly 
et al., 2020). Deciduous teeth are less calcified than their 
permanent counterparts. As a consequence, they are less 
structurally complex, reduced in mineral density and present 
greater porosity (Wilson and Beynon, 1989; Lynch, 2013). 
Permanent molars are calcium and phosphorous rich com-

pared to their deciduous precursors (De Menezes Oliveira 
et al., 2010). The enamel thickness of permanent molars of 
2.58 mm is more than double that of the primary counter-
parts at an average of 1.14 mm (De Menezes Oliveira 
et al., 2010). The unerupted crowns of neonatal deciduous 
molars are more than half to 80% mineralized, representing 
approximately 6 months of mineralization while permanent 
molar crowns take 3-4 years to calcify (Hillson, 1996). As 
a result, permanent molars are 97% mineralized, whereas 
the deciduous crowns of children range from 82-94% 
(Wang et al., 2006).

During mastication, the force generated by chewing is 
lower in children compared to that of adults (Scott and 
Halcrow, 2017; Kelly et al., 2020). The smaller size of the 
jaws of children are more constrained in movement potential 
compared to adults, which decreases chewing efficiency 
(Kelly et al., 2020). In addition, deciduous teeth may be 
more prone than the permanent dentition to non-dietary 

microwear (Bas et al., 2020). Given these caveats, a direct 
comparison between deciduous and permanent teeth requires 
careful consideration (Krueger, 2016; Mahoney et al., 2016) 
and was not attempted here.

Analytic framework

To contextualize the diets of Pech de l’Azé I and 
Hortus II, deciduous molars from three Neolithic collective 
burials are utilized as comparative samples. These include 

Caverne de la Cave at Maurenne and Bois Madame which 
are 12 km apart, and Sclaigneaux which is 35 km to the 
west in the Belgian Meuse basin. These three cave burials 
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were chosen because much is known about the diet from 
archaeological investigation of the caves and prior isotope 
and dental microwear texture analyses (Semal et al., 1999; 
Bocherens et al., 2007; Toussaint, 2007; Williams et al., 2020, 
2022b). These Neolithic peoples may have relied exten-

sively on hunting wild fauna with little isotopic evidence 
indicative of a freshwater fish signal (Bocherens et al., 2007), 
and appear to have consumed a forager-like diet with respect 
to the hardness of the plant foods (Williams et al., 2020, 
2022b). The differences between Maurenne, Sclaigneaux 
and Bois Madame, and other comparative samples from 
Roman-era Herculaneum and Medieval Canterbury, will 
provide a context for understanding the variation in textural 
values exhibited between Pech de l’Azé I and Hortus II.

Materials and methods

Materials

Pech de l’Azé I

The right mandibular second deciduous molar (dm2) 
of Pech de l’Azé I was molded at the Museé de l’Homme, 
Paris. Pech de l’Azé I is a relatively complete cranium and 
mandible. Much of the face is preserved as is the anterior 
occipital with basilaris in situ. However, most of the pari-
etal, frontal and zygomatic regions are absent as are parts 
of the maxilla (Ferenbach et al., 1970; Minugh-Purvis, 
1988). A metopic suture persists dividing the sides of the 
frontal squama.

All deciduous elements are fully erupted although 
the maxillary lateral incisors are missing postmortem. The 

molars are slightly worn, with a Smith (1984) dental wear 
score of 3 (FLW, unpublished data; figure 3). The M1 

crown is visible on the right and left, angled slightly 
distally and embedded within the alveolus. Some dentine 
exposure is visible on the incisal edge of the incisors, but 
it is minimal (Smith [1984] score of 3). A small crypt 
exists immediately posterior to i1 and i2 where the incisal 
margin of the left I1 crown can be observed embedded 
within the alveolus. Pech de l’Azé I has been aged osteo-

logically to 2.5-3.0 years and using dental calcification 
scores to 3.0-3.6 years by Minugh-Purvis (1988).

The deciduous molars present a complex morphology 

and the canines and incisors exhibit shoveling. The mandi-

ble presents a low and short corpus coupled with a short, 
squared mental region. Pech de l’Azé I exhibits a relatively 
thinner mandibular symphyseal region compared to other 

Neandertal young children such as Roc de Marsal which 
presents heavier internal buttressing of the anterior man-

dible (Tillier, 1996). The inferior corpus base is concave 
between the mental and gonial regions. The coronoid pro-

cess is slightly taller than the mandibular condyle. The left 
side has been reconstructed from i2 to dm2. Therefore, the 
right side was molded with President Plus regular body 
polyvinylsiloxane (Coltène-Whaledent).

Hortus II

The right dm2 of Hortus II (1644) was molded with 
President Plus regular body polyvinylsiloxane at the 

Centre Européen de Recherches Préhistoriques de Tautavel. 
Hortus II is the mandibular remains associated with the 
Hortus III maxilla, and has been aged to 6.5-7.9 years 
(Ramirez Rozzi, 2005). The permanent anterior teeth were 
lost postmortem and are represented by crypts in the man-

dibular alveolus. The permanent premolars were previously 
embedded within the alveolus and are now affixed to the 
mandible. No mental trigone is observable and the mandible 

exhibits pinched gonial tubercles. The Hortus II mandible 
includes the right M1 (1265), left M1 (1262) which is the 
best preserved, right dm2 (1644), left dm2 (1261) and right 
dm1 (1498).

Context of remains 

from Pech de l’Azé I and Hortus II

Pech de l’Azé I

The young child from Pech de l’Azé I cave was discov-

ered in 1909 (Capitan and Peyrony, 1909) at the bottom-

most level of Layer 6, radiocarbon dated to late MIS 3 
(Soressi et al., 2007; Jacobs et al., 2016). The child was 
found with numerous animal bones, including those of wild 
goats, asses, horses, red deer and, to a lesser extent, rein-

deer. There has been an acrimonious debate concerning the 

attribution of the stone tool industry associated with Pech de 
l’Azé I, with the consensus suggesting it can be described 
as Mousterian of Acheulean tradition, type B, which is 
a denticulate heavy industry with a substantial proportion 
of backed-knives but a limited number of bifaces. Work on 
a single face characterizes the industry. The presence of 
some axes that resembled those from the village of Saint-
Acheul is the source of the Acheulean attribution. However, 
the numerous elongated blades that resemble Upper Paleo-

lithic traditions, such as the Châtelperronian, corroborate the 
mid to late MIS 3 dates (Soressi et al., 2007). The sequence 
of stone tool layers is roughly replicated at Pech de l’Azé IV, 
which is possibly earlier but could overlap Pech de l’Azé I 
(McPherron et al., 2012; Richter et al., 2013). The Mous-

terian of Acheulean tradition appears to be the final Nean-

dertal toolkit in this part of southwest France (Dordogne) 
prior to the Upper Paleolithic (Richter et al., 2013).

Layer 6 of Pech de l’Azé I cave has been dated using 
numerous techniques in deposits believed to be close to the 
original site of the infant. These include AMS 14C ages, 
which range from 37.06+0.49/-0.42 to 38.43+0.56/-0.47 
Uncal ka before present (BP) to a calibrated date range of 
41.7-43.6 ka cal BP. These radiometric dates broadly agree 
with a Coupled ESR/U-series date of 43+8/-6 ka BP and 
a mean ESR date of 40±2 ka BP (EU age) with a linear 
uptake age estimate that is earlier, dating to 47±5 ka BP 
(Soressi et al., 2007).
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The animals preserved suggest the paleoecology was 
less extreme than that experienced by MIS 4 Neandertals. 
The majority of the animals are temperate species, suggest-
ing a warmer climate compared to the peak of northern 
hemispheric glaciation during late MIS 4 (Soressi et al., 
2007). Red deer (Cervus elapus) are the most common 
faunal species preserved at Pech de l’Azé I, accounting for 
53.3% of all nonhuman remains, whereas bison (Bison 

priscus) represent 34.9% (Rendu, 2010). Horses comprise 
a much smaller proportion of the remains, including Equus 

caballas (3%) and wild asses, E. hydruntinus (1.2%); goats, 
suids and a few carnivores are also preserved. Reindeer 
(Rangifer tarandus) are present but in small numbers (1.4%) 
suggesting a less extreme biome with some cold intervals 
(Rendu, 2010).

Most of the faunal remains are limb bones, while verte-

brae and ribs are scarcely represented at the site. A sizeable 
proportion of the fauna (>30%) show signs of anthropo-

genic activity (Rendu, 2010). These include cut marks, 
notches and the exhaustive destruction of the terminal long 
bone ends. The over-representation of purposeful breakage 
of long bones suggests these remains were exploited for 
marrow and grease in the most prodigious limb bones 
(Rendu, 2010).

The faunal bones, along with the presence of hearths, 
stone tools and the infant skeletal elements, imply the re-

mains were brought to the cave by the Neandertals (Rendu, 
2010). These characteristics generally describe levels 4 and 
7 as the faunal remains from level 6 are largely unidenti-
fied (Bordes, 1972; Rendu, 2010). It is the assumption that 
level 6 would also conform to the patterns present in the 
other cultural levels. However, an unworn red deer incisor 
from level 6 suggests the cave was utilized in the mid-sum-

mer months or possibly the end of the summer season. The 
mortality distribution favoring females with the presence 
of juveniles, however, suggests level 6 records the exploita-

tion of a gregarious matriarchal herd during late spring to 
early summer (Rendu, 2010).

Pech de l’Azé I served as a hunting base camp (Rendu, 
2010). As the cave shrank in size between levels 4 and 
7 from collapsing rock walls, the number of individuals 
using the shelter also decreased and fewer activities, such 
as the use of ochre pigments, occurred within the cavern 
during the later intervals compared to earlier ones. The 

curious abundance of pigment crayons with telltale signs 
of use that are present in early levels, such as level 4 and 
level 5, appear only scarcely in level 6. By this time, the 
cave living space had greatly decreased from rock falls, 
ultimately closing completely by level 7 (Soressi et al., 
2008; Rendu, 2010; d’Errico and Soressi, 2018). The 
Mousterian of Acheulean tradition type A that was typical 
in the earlier levels gave way to type B, with fewer bifaces 
but maintaining the elongated blades that align it with 
Upper Paleolithic traditions such as the Châtelperronian 
(Rendu, 2010).

Hortus II

The Hortus Neandertals were excavated between 1960-
1963 at l’Hortus cave (Lumley, 1972, 1973), located about 
30 km to the northwest of Montpellier, which is situated on 
the Mediterranean coast of France (figure 1). The remains 
of 20-33 individuals were discovered in situ excepting 

Hortus VI, which was found in the cave infill out of context 
in 1964 (Lumley, 1973). Although Mousterian and other 
Middle Paleolithic tools are found throughout the Hortus 
sequence, dated from MIS 5e to MIS 3, Neandertal remains 
are found in only the most recent sub-phases of IVa and 
IVb as well as Va, Vb and Vc from MIS 3, including the 
Hortus II child from Sub-Phase Vb.

Hortus Sub-Phase Vb witnessed the most extreme cold 
and aridity of the cave sequence. The cave was likely a 
habitation site rather than a hunting or butchering camp 

during this phase given the variety of activities evidenced, 
and the preservation of repeatedly reused hearths (Lebègue 
et al., 2010). Phase V probably represents a self-sufficient 
seasonal camp in which the preservation of both children 
and adults indicates a small social unit (Lebègue et al., 
2010). Cultural striations and paramasticatory activities 
are evidenced on the dentition of the Hortus Neandertals 
(Lumley, 1973; Estalrrich and Rosas, 2015).

Sub-Phase Vb exceeded the coldness and dryness of 
earlier periods (Lumley, 1973). As a consequence, dentic-

ulate Mousterian tools were more frequently created in 
Sub-Phase Vb for the exploitation of smaller game and a 
more diverse diet compared to earlier intervals (Lumley, 
1973). Sub-Phase IVb was slightly warmer and wetter but 
still colder and more arid than at any time during the 

Holocene. Climate deterioration continued further in Sub-
Phase Va which witnessed a landscape that was more 
temperate, and perhaps slightly warmer and wetter relative 
to Sub-Phase Vb. In addition to the Hortus II child, Sub-
Phase Vb also yielded Hortus V and Hortus VIII adults 
(Lumley, 1973; Williams et al., 2018).

Sub-Phase Vb large carnivores include wolves (Canis 

lupus), predatory cats, such as Felis leo pardus and Felis 

panthera and cave bears (Ursus spelaeus) (Lumley, 1972; 
1973). Ungulates such as red deer (Cervus elaphus) and rein-

deer (Rangifer tarandus) are present, although more abun-

dant remains are from ibex (Capra ibex), bison (Bos/Bison 

sp.), horses (Equus caballes) and rhinoceros (Dicerorhinus 

sp.) (Lumley, 1972, 1973; Pillard, 1972). These remains all 
represent plastic species and suggest a temperate-cold pal-

eoecology with intervals of intense cold and aridity, sepa-

rated by temperate interstadials typical of MIS 3.
Early in the sequence, red-backed voles (Clethrionomys 

glareolus) signal the presence of forests. However, the pres-

ervation of mice, dormouse (Apodemus sylvaticus and Glis 

glis) and wood shrews (Crocidura leocoden) suggests these 
forests also contained meadows and prairies. Nonaquatic 
mollusk shells are found throughout the anthropogenic 
sequence as are rabbits (Oryctolagus cuniculus) which are 
amply represented, suggestive of frequent exploitation.
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During Sub-Phase IVb, Clethrionomys glareolus was 
replaced with the pine vole (Pitymys duodecimcostatus), 
indicative of forest community change. By Sub-Phase Va 
and Vb, the absence of voles and wood shrews suggests that 
the forests became increasingly smaller and the open areas 
larger, while the presence of prairie moles signals a colder 
and more arid habitat (Pillard, 1972). The continued presence 
of the lesser white-toothed shrew (Crocidura suaveolens) 
in Sub-Phase Vb, along with Equus caballus is suggestive 

of a disturbed habitat of patchy woodlands and forests 
interspersed with scrub and open areas (Pillard, 1972; 
Lumley, 1973).

From the various sub-phases of IV to V, chiropteran and 
bird remains progressively decline in numbers reflecting a 
reduction of forest habitats. Analyses of pollen and sedi-
ments corroborate the increasing aridity from Sub-Phase IV 
to V (Lumley, 1972, 1973; Pillard, 1972), while the presence 
of the large variant of the European rabbit (Oryctolagus 

cuniculus cuniculus), which occurs today in more northerly 
climates, signals the increasing coldness of Sub-Phase Vb 
(Pillard, 1972). The rodent and insectivore ecological 
communities attest to a habitat fundamentally Mediterra-

nean, but one in which intervals of extreme cold and aridity 
persisted (Lumley, 1972, 1973; Pillard, 1972). During MIS 3, 
the Mediterranean region was not quite as cold as other 
parts of Europe to the north and east (Fiorenza et al., 2015). 
The coldest stadials averaged about -9.3°C during the long 
winters and up to 17.3°C during the shorter summers 
(Van Meerbeeck et al., 2009).

Neandertal comparative sample

This is the first attempt to compare the dental microwear 
texture analysis of Middle Pleistocene deciduous molars to 
deciduous comparators. However, Neandertal deciduous 
molars have been subjected to dental microwear texture 
analysis previously. Pech de l’Azé I was utilized in aggre-

gate in a study of Mediterranean and continent Neandertals 
(Droke et al., 2020). Similarly, Hortus II was shown with 
other individuals of Hortus cave to demonstrate climate 
distinctions with respect to phase (e.g., Williams et al., 
2018). Toussaint et al. (2010) conducted the earliest study 
of Neandertal deciduous dental microwear texture analysis 
as part of their description of the lower second molar (dm2) 
from Trou de l’Abîme at Couvin, Belgium. However, 
permanent molars from the Yamana of Terra de Fuego and 
the Khoe-San from southern Africa were compared to the 
Couvin child (Toussaint et al., 2010 SOM; El Zaatari et al., 
2007). Differences in the analysis between the Couvin child 
texture analysis and that conducted for Pech de l’Azé I and 
Hortus II precludes a direct comparison of the data without 
the use of metrological filters (e.g., Arman et al., 2016). 
However, since there are so few Neandertal deciduous 
molar data available in the published literature, the Couvin 
child values are compared broadly to those from Pech de 
l’Azé I and Hortus II, primarily via plots of relative texture 
characteristics. This is accomplished by comparing a 

schematic representation of the general tendency of the 
variables from Pech de l’Azé I and Hortus II to the com-

plexity and anisotropy for the Couvin child from Toussaint 
et al. (2010) with the 95% confidence intervals from 
Fuegians and Khoe-San (Toussaint et al., 2010, SOM; 
El Zaatari, 2007). The Couvin child is aged to be between 
3-8 years (Toussaint et al., 2010) although the limited 
degree of wear (Skinner, 1997) and intricate occlusal 
morphology are suggestive of a very young child.

Recent human comparative sample

Data from five discrete cultural groups (n=76) are used 
to contextualize the dietary signatures of Pech de l’Azé I 
and Hortus II. These include children from three Neolithic 
collective burials from the Meuse river system of Belgium, 
radiocarbon dated to 4.6 to 3.8 ka BP. Two additional studies 
of dental microwear texture analysis of human deciduous 
molars have been conducted. One of these is from the 
Roman site Herculaneum, which was destroyed by Mount 
Vesuvius in A.D. 79 (Remy et al., 2014; Remy and Schmidt, 
2016). The other is a Medieval cemetery population from 
Canterbury, England (Mahoney et al., 2016).

Neolithic cave burials of the Belgian Meuse River basin

Out of approximately 200 known cave burials, the three 
Neolithic sites selected for analysis are among the largest 
collective internments known from the Meuse river tributary 
system in Belgium. Beginning in the middle Neolithic, but 
becoming more extensive in the Late Neolithic, caches of 
fragmentary human remains were concealed in crevices, 
natural pockets in cave walls and within nearly inaccessible 
reaches of rockshelters along the karstic system of the Bel-
gian Meuse basin (Toussaint et al., 2001; Toussaint, 2007). 
Since open air sites are rarely found, the cave burials provide 
valuable information about this formative period just before 
the onset of the Bronze Age, when the differences between 
foragers and farmers may not have been discrete. Most of 
the cave burials have little to no artifacts beyond human 
remains, although with some exceptions such as Bois 
Madame (Dumbruch, 2003, 2007).

The three Neolithic sites comprise the Middle to the 

final/late Neolithic collective burial of Caverne de la Cave 
at Maurenne (n=5), and the final/late Neolithic internments 
of Sclaigneaux (n=7) and the rockshelter of Bois Madame 
(n=6). The dental remains were molded at the Laboratoire 
de Anthropologie et Préhistorie at the Royal Belgian Insti-
tute of Natural Sciences in Brussels, Belgium. Caverne de 
la Cave at Maurenne has been dated four times by two labs. 
There is a single Middle Neolithic date from Maurenne, 
4,635±45 years BP and much of the faunal material is from 
this earlier period (Bronk-Ramsey et al., 2002; Bocherens 
et al., 2007; Toussaint, 2007). However, three dates from two 
labs (4,160±45 years BP; 3,950±70 years BP and 3,830 
±90 years BP) may suggest most of the human remains derive 
from the final/late Neolithic (Bronk-Ramsey et al., 2002; 
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Toussaint, 2007). Sclaigneaux cave is situated along the 
Meuse river between Namur and Liège, and has been dated 
once to 4,155±35 years BP (De Paepe, 2007; De Paepe and 
Polet, 2007), corresponding to the final/late Neolithic period 
of Belgium. Bois Madame rockshelter of the Burnot valley, 
located along the ‘Haut Meuse’ river basin of Belgium, is 
a final/late Neolithic collective burial, extensively studied 
by Dumbruch (2003, 2007). Two radiocarbon dates are 
available for Bois Madame, and indicate an age of 4,075 
±38 years BP and 3,910±40 years BP (Bronk-Ramsey 
et al., 2002).

Iron Age Herculaneum

The excellent preservation of food remains discovered 
at Herculaneum allows for a detailed reconstruction of 
Roman subsistence during the 1st century AD. The children, 
represented by deciduous molars (n=15), were found in the 
storage structures, often called boathouses, along with adults 
attempting to escape the cataclysmic eruption (Remy and 
Schmidt, 2016; Remy, 2016). The subsistence record points 
to both wild and domesticated plants and animals on the 
Roman menu, although for most people, cereal grains, 
ground with basalt millstones and querns, and wild foods 
made up the bulk of their diet. Meat was more commonly 
a dietary staple by those with greater wealth, and fish was 
primarily consumed as a sauce, garum (Prowse et al., 2004). 
A study of Herculaneum dental microwear texture indi-
cates that hard foods were widely consumed, supporting 
the subsistence evidence for the consumption of seed and 
nut-bearing plants like walnut, fig, lentil, olive, and chick-

peas (Frayn, 1975; Prowse et al., 2004; Remy et al., 2014). 
Overall, the Herculaneum molar microwear texture signa-

ture indicates a diet that is hard compared to some farmers, 
but distinguishable from hard food foragers; its anisotropy 
is relatively high and similar to other agricultural peoples 

in Europe (Schmidt et al., 2016, 2019).

Medieval Canterbury

Mahoney et al. (2016) conducted a dental microwear 
texture analysis of children between the ages of 1 and 
8 years from St Gregory’s Priory and Cemetery of Canter-
bury, southeast England, dated from the 11th to 15th or 

16th centuries (n=43). Medieval agrarian diets of the era 
were heavily reliant on wheat flour, eggs, milk, butter, 
bread, broth and domestic animals. The flour was milled 
using sandstone or limestone querns that added residual 
inclusions such as grit into the diet (Mahoney et al., 2016). 
It is expected that Medieval Canterbury will differ mark-

edly from Neandertals from MIS 3 with the caveat that 
a hard diet with extraneous grit may derive either from 
direct exploitation or through the processing of plant foods 
(table 1).

Scanning

The dental molds for the Neandertals (n=2) and the 
Neolithic Belgian sites (n=18) were cast with epoxy resin 
mixed with hardener (Buehler) at Georgia State Univer-
sity, while descriptive statistics from Herculaneum (n=15) 
and Canterbury (n=43) were obtained from published 
sources (Remy, 2016; Remy and Schmidt, 2016; Mahoney 
et al., 2016). Standard methods were employed to create 
the dental casts from Herculaneum and Canterbury which 
were analyzed using the same profiler and software pro-

grams as were used for the Neandertal and Neolithic sites 
(Remy, 2016; Remy and Schmidt, 2016; Mahoney et al., 
2016). Data collection for all individuals used a white-con-

focal profiler (Sensofar Plμ) at the University of Indianapolis. 
The procedures entailed collecting data at 100X magnifi-

cation with an emphasis on facet 9 and other Phase II facets 
(figure 3) that reflect the grinding action of the power stroke 
during masticatory behavior (Krueger et al., 2008). The 
total study area approximated 242 × 182 µm; datapoint 
spacing was 0.17 microns in the X-Y plane and 0.20 microns 
in the Z plane. Leveling used the least squares algorithm, 
and there was no S or L filtering. The subsequent data 
clouds for each individual were “cleaned” of surface debris 
in SolarMap 5.1.1. Two and 3-dimensional surface recon-

structions were carefully evaluated to remove from the 
sample any occlusal surface that presented postmortem 
artifacts. When the quality of the surface was evaluated as 
free of taphonomic defects, it was included (figure 4) and 
subjected to scale-sensitive fractal analysis using Sfrax 
and Toothfrax (Scott et al., 2006, 2012; Ungar et al., 2012; 
Schmidt et al., 2016, 2019). This study focused on com-

plexity and anisotropy.

Table 1. Comparative samples of human deciduous molars / Échantillons comparatifs de molaires déciduales humaines

Assemblage and location Context Dating BP N Subsistence

Maurenne Caverne de la Cave, Belgiuma Middle and final/late Neolithic 4.6-3.8 ka 5 Forager-farmers

Sclaigneaux, Belgiuma Final/late Neolithic 4.2 ka 7 Forager-farmers

Bois Madame, Belgiuma Final/late Neolithic 4 ka 6 Forager-farmers

Roman-era Herculaneum, Italyb Iron Age 2 ka 15 Fisher-farmers

Canterbury, England, UKc Medieval 1-0.5 ka 43 Agriculturalists

aCompared in aggregate in Williams et al. (2020); bRemy et al. (2014), Remy (2016), Remy and Schmidt (2016); cMahoney et al. (2016) / aD’après 

Williams et al. (2020); bRemy et al. (2014), Remy (2016), Remy and Schmidt (2016); cMahoney et al. (2016)
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Figure 3. Representation of a right dm2 indicating the location of microwear texture data collection for Pech de l’Azé I [the blue rectangle] (image from 3D Tooth Atlas 9, 2018, eHuman, Inc.) / 
Représentation d’un dm2 droit indiquant l’emplacement de 
la collecte des données de texture de micro-usure pour Pech de 
l’Azé I [le rectangle bleu] (image de 3D Tooth Atlas 9, 2018, 
eHuman, Inc.)

Figure 4. Two- and three-dimensional reconstructions of the enamel surface of Pech de l’Azé I (a & b) and Hortus II (c & d) / 
Reconstructions bi- et tridimensionnelles de la surface de l’émail de Pech de l’Azé I (a & b) et l’Hortus II (c & d) 

Analytical methods and expectations

A comparison of complexity and anisotropy is shown to 
demonstrate the degree of separation of the 100% convex 
hulls between the Neolithic sites and the variation in 
Neandertal deciduous molars, with the expectation that the 
groups will differ in these dietary indicators. To infer the 
degree to which life cycle age, estimated using standard 
osteological techniques (Buikstra and Ubelaker, 1994), is 
associated with complexity and anisotropy for the Neolithic 
Belgian sites (n=18), a least-square linear regression was 
applied to the sample and shown with Pech de l’Azé I and 

Hortus II. Further inferences are gleaned from schematic 
representations of Pech de l’Azé I and Hortus II compared 
to the published values for the Neandertal child from 
Couvin, Belgium, along with the original comparative 
populations from Toussaint et al. (2010). Pech de l’Azé I and 
Hortus II are additionally shown with respect to the 95% 
confidence intervals for the Neolithic sites of Maurenne, 
Sclaigneaux and Bois Madame, as well as Iron Age Her-
culaneum and Medieval Canterbury, for complexity and 
anisotropy. It is expected that the Neandertals will be more 
similar to Neolithic forager-farmers than to more recent 
human agrarian societies.
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Results

Bivariate comparision of complexity and anisotropy

Both Pech de l’Azé I and Hortus II are completely out-
side of the 100% convex hull representing the deciduous 
molars from these three Neolithic sites (figure 5). Pech de 
l’Azé I exhibits an extremely elevated complexity value 
compared to Hortus II. Although the complexity of Pech 
de l’Azé I is higher than most of the Neolithic children, a 
single individual from Maurenne approximates and one 
from Sclaigneaux surpasses the Neandertal value (figure 5; 
table 2). Hortus II, in contrast, has an exceptionally low 
complexity signal, which is only approached by a single 
individual from Bois Madame (figure 5; table 2). The other 
Neolithic deciduous molars sampled are distinct from the 
two extremes represented on the high end by Pech de 
l’Azé I and on the low extreme by Hortus II (figure 5).

With respect to anisotropy, the Neandertals are again 
unique (figure 5). Both Pech de l’Azé I and Hortus II exhibit 
very low anisotropic surfaces, with only a single child from 
Bois Madame and another from Sclaigneaux approaching 
the Neandertal low values. There is extensive variation in 
the Neolithic samples. Both Maurenne and Sclaigneaux are 
distributed from relatively low to relatively high values, 
while the Bois Madame children cluster on the lower end 
of the range of anisotropy, closer to the Neandertals. The 
Neolithic sites overlap greatly, whereas the Neandertal 
children are practically indistinguishable from one another 
for anisotropy (figure 5).

Table 2. Complexity, Anisotropy and estimated age / Complexité, anisotropie et âge estimé

Figure 5. Pech de l’Azé I (red circle) and Hortus II (blue 
square) are compared to the deciduous molars texture data from Neolithic Maurenne (green left-pointing triangles), Sclaigneaux (orange isosceles triangles) and Bois Madame (teal right-pointing triangles) / Pech de l’Azé I (cercle rouge) et 
Hortus II (carré bleu) sont comparés aux données de texture 
des molaires déciduales du Néolithique de Maurenne (triangles 
verts pointant vers la gauche), Sclaigneaux (triangles isocèles 
oranges) et du Bois Madame (triangles bleu sarcelle pointant 
vers la droite)

Complexity Anisotropy Age (years) Age midpoint 

Neandertals

Pech de l’Azé I LRdm2 a 3.73 0.0010 3.0-3.6 3.3
Hortus II LRdm2 1.22 0.0009 6.5-7.9 7.2
Maurenne

Maurenne 21 ULdm2 2.09 0.0035 5.5-6.5 6

Maurenne 22 URdm1 3.70 0.0016 2.5-3.5 3
Maurenne 23 URdm2 2.08 0.0050 7-8 7.5
Maurenne 26 ULdm2 2.38 0.0041 4-5 4.5
Maurenne 91 LRdm2 3.11 0.0029 6-7 6.5
Sclaigneaux

Sclaigneaux 115 URdm2 2.36 0.0063 4.5-5.5 5
Sclaigneaux 116 ULdm1 1.30 0.0034 2.5-3.5 3
Sclaigneaux 117 ULdm1 2.92 0.0019 2.5-3.5 3
Sclaigneaux 119 ULdm2 1.66 0.0026 6-7 6.5
Sclaigneaux 120 ULdm1 4.73 0.0019 5-6 5.5
Sclaigneaux 122 ULdm2 2.24 0.0030 4-5 4.5
Sclaigneaux 125 URdm2 2.67 0.0033 5-6 5.5
Bois Madame

BM Md 30 LRdm2 2.31 0.0019 4.5-5.5 5
BM Md 31 LLdm2b 2.16 0.0021 5.5-6.5 6

BM Md 32 LLdm2 1.95 0.0006 7-8 6.5
BM Md 33 LLdm2 1.22 0.0024 5.5-6.5 6

BM Md 37 LRdm2 2.02 0.0055 3-4 3.5
BM Md 38 LRdm2b 2.30 0.0020 5.5-6.5 6

aL=lower (mandibular), U=upper (maxillary); L=left, R=right; dm=deciduous molar; b It is possible that BM Md 38 and BM Md 31 are the right and left 
isomers of the same individual / aL=inférieure (mandibulaire), U=supérieure (maxillaire); L=gauche, R=droite; dm=molaire déciduale; b Il est possible 

que BM Md 38 et BM Md 31 soient les dents isomères droite et gauche du même individu
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Complexity and anisotropy compared to age

When complexity is compared to age, there is a slightly 
negative slope, suggesting a decrease with respect to 
maturation. Pech de l’Azé I is above this regression while 
Hortus II is below. For anisotropy the slope is closer to 
zero, implying age does not have a strong influence on the 
distribution of Neolithic children. Both Pech de l’Azé I and 
Hortus II are found below the regression (figure 6; table 3).

Figure 6. Pech de l’Azé I (red circle) and Hortus II (blue square) compared to deciduous molars from Neolithic forager-farmers from Belgium (open blue circles), regressed against age for (a) complexity: Y=2.85 - 0.086 * X and (b) anisotropy: Y=0.00364 - 0.00012 * X / Pech de l’Azé I (cercle rouge) et Hortus II (carré bleu) comparés aux molaires déciduales des cueilleurs-agriculteurs 
néolithiques de Belgique (cercles bleus ouverts), régressés en fonction de l’âge pour (a) complexité : Y=2,85 - 0,086 * X et  
(b) anisotropie : Y=0,00364 - 0,00012 * X

Table 3. Bivariate correlation and regression analysis of com-

plexity and anisotropy of deciduous molars from Neolithic Belgian sites (n=18) compared to estimated age / Résultats 
de la corrélation bivariée et de l’analyse de régression de la 
complexité et de l’anisotropie des molaires déciduales des sites 
néolithiques belges (n=18) par rapport à l’âge estimé

Complexity Anisotropy

Multiple r from bivariate correlation 0.148 0.119

Regression constant (y-intercept) 2.850 0.00364

Standard error of the constant 0.779 0.00138

Lower boundary for the constant 1.199 0.00025

Upper boundary for the constant 4.502 0.00072

Regression coefficient (slope) -0.086 -0.00012

Standard error of the coefficient 0.144 0.00023

Lower boundary for the coefficient -0.391 -0.00066

Upper boundary for the coefficient 0.219 0.00656

Neandertal children vis-à-vis the 95% confidence 
intervals for comparative samples

When the 95% confidence intervals for complexity in 
Iron Age Herculaneum and Medieval Canterbury as well 
as the Neolithic sites of Maurenne, Sclaigneaux and Bois 
Madame are considered, Pech de l’Azé I exceeds all of the 
groups examined (figure 7). Hortus II falls within the 95% 
confidence interval for Bois Madame. The closest groups 
to Pech de l’Azé I are Maurenne and Sclaigneaux from the 
Neolithic period.

For anisotropy, Pech de l’Azé I falls within the 95% 
confidence interval for Bois Madame, while Hortus II falls 
just outside of this range with its extreme low value 
(figure 7; table 2). With the exception of Bois Madame, 
human subsistence groups relying solely or in part on a 

monotonous agrarian diet are distinct from Middle Paleo-

lithic foragers represented by Pech de l’Azé I and Hortus II, 
suggesting anisotropy is reflecting the degree of dietary 
diversity (figure 7).

Pech de l’Azé I and Hortus II compared to 

Trou de l’Abîme at Couvin, Belgium

The deciduous Neandertal molar from Trou de l’Abîme 
at Couvin presents an extremely low complexity (Tous-

saint et al., 2010), similar to that of Hortus II and certainly 
substantially lower than exhibited by Pech de l’Azé I. With 
respect to anisotropy, the Couvin child is similar to Pech 
de l’Azé I and Hortus II. All three Neandertal children 
exhibit relatively low anisotropy (figure 8).
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Figure 7. Comparison of Pech de l’Azé I (red circle) and Hortus II (blue square) to the 95% confidence intervals and means of the Belgian Neolithic sites of Maurenne (green left-pointing triangle), Sclaigneaux (orange isosceles triangle) and Bois Madame (teal right-pointing triangle), as well as Roman-era Herculaneum (purple star) and Medieval Canterbury, England (dark purple X) in complexity (a) and anisotropy (b) / Comparaison de la complexité (a) et de l’anisotropie (b) de Pech de l’Azé I (cercle rouge) 
et Hortus II (carré bleu) aux intervalles de confiance à 95 % et moyens des sites Néolithique belge de Maurenne (triangle vert pointant 
vers la gauche), Sclaigneaux (triangle isocèle orange) et du Bois Madame (triangle bleu sarcelle pointant vers la droite), ainsi que 
Herculanum de l’époque romaine (étoile violette) et Canterbury de l’époque médiévale, Angleterre (X violet foncé)

Figure 8. Schematic representation showing the general tendencies of Pech de l’Azé I and Hortus II in comparison to the Nean-dertal deciduous molar from Trou de l’Abîme at Couvin, Belgium and adult human foragers from Toussaint et al. (2010) and 
El Zaatari (2007) / Représentation schématique montrant les tendances générales de Pech d’Azé I et d’Hortus II comparées à 
la molaire déciduale néandertalienne du Trou de l’Abîme à Couvin, Belgique et aux adultes humains cueilleurs de Toussaint et al. 
(2010) et El Zaatari (2007)
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Discussion

Complexity

Neandertal adults have been noted to exhibit paleo- 

ecological differences in diet with respect to microwear 
and macrowear signatures (El Zaatari et al., 2011, 2016; 
Fiorenza et al., 2011; Krueger et al., 2019). We asked 
whether Neandertal children, represented by deciduous 
molars, also show differences in diet with respect to paleo- 
ecology. Pech de l’Azé I was from a warmer temperate 
environment where reindeer were scarce and much of the 
hunted remains consisted of roe and red deer. In contrast, 
the animal bones found at Hortus cave, Sub-Phase Vb 
included much more reindeer, as well as numerous other 
cold-temperate ungulates such as ibex, bison and horse, and 
the micromammals corroborate the frigid temperatures 
experienced by these Neandertals. The elevated complexity 

of Pech de l’Azé I in contrast to the extremely low value 
for Hortus II does indeed suggest that an environmental 
signal exists in the microwear texture that is likely predi-
cated on the degree of plant food exploitation (figure 5). If 
complexity values are reflecting primarily the mastication 
of grit (van Casteren et al., 2018), then the degree of plant 
food consumption would still explain the disparity between 
Pech de l’Azé I and Hortus II. Extraneous silicates and 
phytoliths may account for some of the dental microwear, 
although the Pech de l’Azé I complexity value indicates 
microwear features formed by hard and brittle seeds and 
nuts typical of the kinds of plant foods exploited by Nean-

dertals (e.g., Lev et al., 2005). 
In fact, Pech de l’Azé I has a complexity value that is 

exceptionally high. Grit is known to be a major catalyst 
for microwear and macrowear of the occlusal surface 
(van Casteren et al., 2018, 2020). The elevated complexity 
of Pech de l’Azé I may have resulted from the purposeful 
or accidental ingestion of grit. Intentional ingestion of grit, 
dirt and clay, or geophagia, is noted among nonhuman 
primates, particularly leaf eating monkeys, to assist in the 
detoxification of secondary compounds in low-quality plant 
foods (Fashing, 2009). In humans, geophagia has been 
observed in both children and adults in response to acute 

starvation, mineral deficiencies and, in the case of clays, 
for dysentery and other gastrointestinal complications 
(Huffman, 2009). Accidental ingestion of grit may have 
occurred in Pech de l’Azé I from a lack of experience in 
food processing or from poor hygiene. The young age of 
Pech de l’Azé I hints at both the potential of intentional or 
accidental grit ingestion, although the former may have been 
more important if mortality of the child was influenced by 
a lack of food.

At this time, however, we surmise that food consumption 
generated the bulk of the microwear features exhibited by 
these individuals. Plant foods contribute to the production 
of dental microwear in increasingly predictable ways; for 
example, Holocene pastoralists, with plant-poor diets, have 
low complexity values, compared to farmers and foragers, 

since their diets have few, if any, seeds or nuts (Schmidt 
et al., 2016, 2019). Hortus II probably had access to fewer 
woodland plant resources compared to Pech de l’Azé I from 
a more temperate interval. Although the kinds of plants 
used by Neandertals differed by region – for example, the 
consumption of wild dates and mushrooms by Neandertals 
in Iraq and Spain, respectively – evidence from dental cal-
culus shows a rather consistent use of starches from grass 
seeds and underground storage organs in a wide range of 
habitats (Madella et al., 2002; Henry et al., 2011, 2014; 
Hardy et al., 2012; Hardy, 2018, Power et al., 2018). Addi-
tional plant foods consumed during the Middle Paleolithic, 
primarily charred, include hackberry (Celtis sp.) (Hardy, 
2018); stone pine nuts (Pinus pinea), wild olives (Olea sp.) 
and Pistacea sp. (Barton et al., 1999); common hazel 
(Corylus avellana), Cornelian cherry (Cornus mas) and 
linden tree (Tilia) fruits (Richter, 2016); a great diversity 
of legumes (Papilionaceae) as well as pistachios (Pistacia 

atlantica), acorns (Quercus sp.), vetch (Vicia sp.) and other 
seeds (Lev et al., 2005); bitter-tasting medicinal plants 
(Hardy et al., 2012); stone seeds/field gromwell (Lithosper-

mum arvense) (Tsartsidou et al., 2015); and possibly chyme 
from hunted or scavenged herbivores (Speth, 2017). The 
diet of Pech de l’Azé I probably included at least some of 
these items. However, they may have been coupled with 
adhering grit or seed casings to account for the elevated 
enamel surface complexity of the young child.

An additional possibility is that the elevated complexity 
signal obtained from Pech de l’Azé I could have stemmed 
from the processing of bone ends and diaphyseal marrow 
deposits, such as that noted at Pech de l’Azé IV cave 
(Hodgkins et al., 2016). A comparison of Pech de l’Azé IV 
and Roc de Marsal showed that during colder intervals 
there was a greater tendency toward more intensive pro-

cessing of the ends of long bones for marrow extraction 
(Hodgkins et al., 2016). Pech de l’Azé IV is thought to 
correlate temporally with Pech de l’Azé I (McPherron 
et al., 2012). The observed increase in the processing of 
remains, such as percussion flakes, at the various levels of 
Pech de l’Azé IV cave suggests an increasingly difficult 
acquisition of foods, particularly hunted remains. As ani-
mals became more difficult to acquire, the Neandertals at 
Pech de l’Azé I, including the young child, could have 
become more dependent on processing hard foods, such 
as bone ends (Rendu, 2010) or eating grit-laden or hard, 
unprocessed plant foods prior to a premature mortality.

Complexity and age

The complexity of Pech de l’Azé I exceeds most of the 
Neolithic children with the exception Sclaigneaux 120 and 
Maurenne 22 (figure 5; table 2). Both Pech de l’Azé I and 
Maurenne 22 are close to 3 years and the latter is the 
youngest individual in the Neolithic assemblages included, 
while Sclaigneaux 120 is estimated to be approximately 
5.5 years (table 2). It is possible that Pech de l’Azé I has a 
complexity value that is elevated because it is young and 
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Hortus II has a lower one given its older age. However, 
a bivariate correlation between complexity and estimated 
age for the Neolithic deciduous molars is weak (r=0.148) 
and, coupled with a regression slope of -0.086 (table 3), 
suggests a lack of a strong inverse relationship that could 
explain the position of Pech de l’Azé I compared to 
Hortus II. In addition, the Neandertal deciduous molar from 
Couvin, Belgium exhibits an extremely low complexity 
value (figure 8) which could be indicative of a reliance on 
meat (Toussaint et al., 2010) a lack of plant food, or alter-
natively could indicate a child still heavily dependent on 

lactation. If the Couvin child is older, then perhaps an in-

verse relationship characterizes complexity in Neandertals 

with respect to life cycle age. However, if the child was 
still nursing and closer to 3 years, there is less support for 
age influencing the degree of complexity.

The young child from Pech de l’Azé I was at least par-
tially weaned and was eating some adult foods. Complexity 
values can be higher in children than adults because of the 
limited jaw movement (Scott and Halcrow, 2017; Kelly 
et al., 2020). However, in this case the very high value is 
likely a combination of chewing mechanics and hard food 
consumption. The area was forested, and the complexity 
value is likely reflecting evidence of eating forest foods, 
like pine nuts or seeds and acorns. The low anisotropy may 
support this conclusion.

Anisotropy

Pech de l’Azé I and Hortus II both express extremely 
low anisotropy. The same is probably true of the Neandertal 
child from Couvin (figure 8). The deciduous molars from 
one of the Neolithic sites, Bois Madame, is the closest to 
the Neandertal children and a single individual approxi-

mates the anisotropy of Pech de l’Azé I and Hortus II 
(figure 5). However, the agrarian communities from Hercu-

laneum, Canterbury and the Neolithic period of Belgium 
generally have much higher anisotropy than the Neandertal 

children (figure 7), which replicates the distinction between 
foragers and food producers in permanent molars (Schmidt 
et al., 2016, 2019).

Conclusion

The young child from Pech de l’Azé I represents one of 
the most complete Upper Pleistocene cranium and mandible 

known. Aged at approximately 3 years, the young child is 
often attributed to the Neandertals (Tillier, 1996). Further-
more, the tool tradition discovered at Pech de l’Azé I has 
been described as Mousterian but approximating some 

aspects of the Upper Paleolithic, suggesting increasingly 
greater technological skill applied to improving efficiency 
in food acquisition and processing (Soressi et al., 2007). 
The primary hunted fauna recovered from the site include 
red and roe deer, suggesting a temperate habitat. In contrast, 
Hortus II, a child between the ages of 6.5 and 7.9 years, 
lived in an extremely cold and arid phase of MIS 3.

We expected the two Neandertal children from differ-
ent paleoecological conditions to exhibit differing dietary 
signatures and this is shown to be the case for textural 
complexity of the occlusal surface. Pech de l’Azé I presents 
a much higher value for complexity than does Hortus II 
which resembles other individuals from the cold and arid 
Sub-Phase Vb of Hortus cave (Williams et al., 2018). The 
high complexity of Pech de l’Azé I could have derived 
from purposeful or accidental geophagia or the consump-

tion of hard plants, bone ends, poorly processed foods or a 
combination of factors.

Although the complexity varies greatly between the two 
Neandertal young children examined, the anisotropy of both 
Pech de l’Azé I and Hortus II is low compared to most of 
the food producers sampled and corresponds to what was 
observed for the Neandertal child from Couvin, Belgium 
(Toussaint et al., 2010). Pech de l’Azé I and Hortus II 
resemble Neolithic forager-farmer children from Belgium 
more than later agrarian societies from the Iron Age and 
the Medieval period. The low anisotropy of the Neandertal 
children corresponds to a heterogeneity of jaw movement 
typical of human forager adults (Schmidt et al., 2019).
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