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1. Introduction

M icrowear texture analysis, the objec-
tive, repeatable, and three-dimensional 

approach to dental microwear, has proven to be 
a valuable method for characterizing microwear 
surfaces and for distinguishing dietary and non-
dietary tooth use behaviors in a wide range of 
extant taxa, including bovids (e.g., Ungar et al., 
2007), kangaroos (Prideaux et al., 2009), carnivores 
(e.g., Ungar et al., 2010), non-human primates 
(Krueger et al., 2008; Scott et al., 2012) and 
Recent Modern Human groups (e.g., El Zaatari, 
2014; Krueger & Ungar, 2010; Krueger, 2014). 
In particular, this approach can provide different 
information depending on the tooth type exam-
ined. When applied to the anterior dentition, it has 
been effective in differentiating bioarchaeological 
human groups based on diet, non-dietary ante-
rior tooth use, and dietary and/or abrasive loads 
(Krueger & Ungar, 2010). On the other hand, 
when applied to their occlusal molar surfaces, 
microwear texture analysis has been useful in 
distinguishing recent human groups based on 
their diets and food preparation techniques (El 
Zaatari, 2014). The relationship between dental 
microwear texture signatures, diet, and behavior 
established among modern human populations 
has led to additional important insights into 
dietary and non-dietary tooth-use behaviors of 
Neandertals (Krueger, 2011; Krueger & Ungar, 
2012; El Zaatari et al., 2013).

The wide-scale occlusal molar micro-
wear texture analysis of adult Neandertal 
specimens from numerous western Eurasian sites 
has revealed that not all Neandertals are top-level 
carnivores (El Zaatari et al., 2011), as they had 
been perceived based on stable isotope analyses 
(e.g., Bocherens et al., 1999, 2001, 2005; Richards 
et al., 2000; Bocherens & Drucker, 2003; 
Richards & Trinkaus, 2009). Specifically, the 
microwear signatures of many of the Neandertals 
analyzed, especially those that lived in more open, 

cold-steppe habitats, were found to be similar to 
recent human populations whose diets consisted 
almost exclusively or primarily of meat. However, 
some Neandertals, specifically those that lived in 
wooded habitats, were found to have microwear 
textures similar to recent hunter-gatherer groups 
with a mixed diet. This indicates that, at least for 
some Neandertals, plant foods formed an impor-
tant part of the diet (El Zaatari et al., 2011).

Moreover, the application of anterior micro-
wear texture analysis to adult Neandertal 
specimens has helped better understand non-
dietary anterior tooth use behaviors among 
these fossil hominins (Krueger, 2011; Krueger 
& Ungar, 2012). Previous examinations of the 
unusual and excessive anterior dental wear found 
on some noteworthy Neandertal specimens, such 
as La Ferrassie 1 and Spy 1, has been linked to their 
use of their dentition for non-dietary purposes 
(e.g., Stewart, 1959; Wallace, 1975; Smith, 
1976; Wolpoff, 1979). These behaviors have been 
described in a variety of ways, with the most cited 
scenario proposed from ethnographic reports of 
Alaskan Eskimo and Canadian and Greenland 
Inuit, and referred to as the ‘stuff and cut’ method. 
This scenario suggested that Neandertals would 
clamp a piece of meat between their anterior teeth, 
and slice a portion off close to their lips (Brace, 
1967, 1975; Ryan, 1980; Brace et al., 1981). This 
idea has been expanded to propose other types 
of non-dietary anterior tooth use behaviors, such 
as animal hide processing, sinew thread produc-
tion, weaving tasks, wood softening, and tool 
production and retouching (Cybulski, 1974; 
Lukacs & Pastor, 1988; Foote, 1992; Mayes, 
2001). The results of the microwear texture anal-
ysis of Neandertals’ anterior dentition confirmed 
that the Neandertals did in fact use their dentition 
for non-dietary purposes (Krueger, 2011). Yet, 
this analysis also showed that the Neandertals’ 
engagement in such behaviors was linked to 
climatic conditions, such that those that lived 
under cold, open steppe conditions were found to 
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use their anterior dentition in non-dietary behav-
iors much more intensely than those in the warm, 
woodland climates (Krueger, 2011).

For the current study, anterior and molar 
microwear textures of the Scladina Neandertal 
were analyzed. The examination of the microwear 
texture signatures of the Scladina Neandertal is an 
interesting addition to the present dataset of adult 
Neandertal specimens. Not only will it provide 
additional insight into the dietary and behavioral 
strategies of Neandertals as a whole, but it will 
also begin to allow the examination of sub-adult 
Neandertal individuals.

2. Materials

M icrowear data was recovered from one 
permanent canine (RC1; Scla 4A-12) and 

one permanent molar (RM1; Scla 4A-1/M1) of 
the Scladina Juvenile. Since it remains unclear 
whether permanent and deciduous dentitions 
have similar levels of resistance to premortem 
masticatory wear, permanent rather than decid-
uous dentitions were selected to represent 
the Scladina individual for this study to allow 
for securely comparing its microwear data to 
similar data available for permanent dentitions 
of: 1)  adult individuals belonging to six recent 
human groups of known or inferred diet, ante-
rior tooth use behaviors, and abrasive loads, 
and 2) adult Neandertal specimens (El Zaatari, 
2014; Krueger, 2014; Krueger & Ungar, 2010, 
2012; El Zaatari et al., 2013).

Aleut
Study sample:  The specimens were collected 

from the islands of Agattu, Amaknak, 
Kagamil, Unmak, and Unalaska, Alaska, 
USA (Hrdlička, 1945) and date to 3400‒400 
years  bp (Coltrain, 2010). Anterior dental 
microwear data was recovered from 24 indi-
viduals and molar microwear data was recov-
ered from 21 individuals.

Diet: The Aleutian diet consists predominantly 
of marine animals including sea mammals, 
fish, shellfish, supplemented by land resources 
including, foxes, birds, rodents, and tubers 
(Hrdlička, 1945; Laughlin, 1963; Coltrain, 
2010).

Abrasive loads: The Aleut are known for their 
extensive chewing of frozen and dried ani-
mal meat and skin (Hoffman, 1993). 
Environmental abrasives, such as sand and 

grit, are hypothesized to have been a daily 
inclusion in their diet (Moorrees, 1957).

Non-dietary anterior tooth use behaviors: 
Ethnographically, the Aleut used their ante-
rior dentition in non-dietary anterior tooth use 
behaviors, including hide production and wood 
softening (Hrdlička, 1945; Moorrees, 1957).

Arikara
Study sample: This sample consists of individu-

als from the Mobridge Site (39WWI), South 
Dakota, USA, and date to 400-300 years bp 
(Jantz, 1973). Anterior microwear data was 
recovered from 18 individuals and molar micro-
wear data was recovered from 16 individuals.

Diet:  The Arikara’s diet had strong emphasis on big 
game, supplemented by a mix of wild and cul-
tivated plant foods including peppers, pump-
kins, grapes, black cherries, beans, squash, 
corn, and sunflowers (Hurt, 1969; Meyer, 
1977; Tuross & Fogel, 1994; Blakeslee, 1994).

Abrasive loads: It has been suggested that the 
Arikara were subject to dietary abrasives from 
corn phytoliths and food processing tech-
niques, including the use of stone mortars, 
as well as the frequent consumption of dried 
strips of game meat (Leigh, 1925; Meyer, 1977).

Non-dietary anterior tooth use behaviors: None 
documented.

Ipiutak
Study sample: These specimens were recovered 

from the site of Point Hope, Alaska, USA, and 
date to 2050-1450 years bp (Larsen & Rainey, 
1948). Anterior microwear data was recovered 
from 22 individuals and molar microwear data 
was recovered from 17 individuals.

Diet: While inhabiting the coast during the sum-
mer months, the Ipiutak’s diet was based on 
caribou, and sea mammals, including seals and 
walrus (Lester & Shapiro, 1968).

Abrasive loads: Point Hope is a coastal site, and 
environmental abrasives, such as sand, would 
have been included in the Ipiutak’s diet.

Non-dietary anterior tooth use behaviors : 
Evidence suggests the Ipiutak used their ante-
rior dentition in intense caribou hide prepara-
tion and processing (Krueger, 2014).

Tigara
Study sample: These specimens were recovered 

from the site of Point Hope, Alaska, USA, and 
date to 750-250 years bp (Larsen & Rainey, 
1948). Anterior microwear data was recovered 
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from 34 individuals and molar microwear data 
was recovered from 27 individuals.

Diet: The Tigara diet consisted predominantly 
of sea mammals, including whales, walrus, and 
seals, and was supplemented by fish, birds, ber-
ries, and other edible plants (Larsen & Rainey, 
1948; Dabbs, 2009; Brubaker et al., 2010).

Abrasive loads: The Tigara’s food preparation 
techniques, which included freezing meat 
underground as a year-round staple (de 
Poncins, 1941; Giddings, 1967), would have 
led to the inclusion of large amounts of envi-
ronmental abrasives, such as sand, in their 
diet. Also, dried and frozen uncooked meat and 
skin -together with its attached subcutaneous 
fat- were often chewed for prolonged periods 
of time (Balikci, 1970).

Non-dietary anterior tooth use behaviors: 
Ethnographically, the Tigara used their ante-
rior dentition in some hide processing and 
sinew thread production (Foote, 1992).

Fuegian
Study sample: The sample consists of specimens 

from the Yamana Tribe of the Beagle Channel 
Islands, Argentine Tierra del Fuego, extreme 
southern South America and date to AD 1880 
(Manzi, 1986). Molar microwear data was 
recovered from 6 individuals.

Diet: The Fuegians relied on seals, sea lions, 

guanaco (Lama guanicoe), shellfish, fish, pen-
guin, and waterfowl for subsistence (Bridges, 
1885; Snow, 1861; Yesner et al., 2003).

Abrasive loads: None documented
Non-dietary anterior tooth use behaviors: 

None documented

Puye Pueblo
Study sample: This sample consists of specimens 

from the volcanic plateau in northcentral New 
Mexico, USA dating to 100‒330 bp (Barnes, 
1994). Anterior microwear data was recovered 
from 18 individuals.

Diet: The Puye Pueblo diet consisted predom-
inantly of maize, squash, and bean agricul-
ture, supplemented by prickly pear, yucca 
fruit, plums, grapes, foxes, deer, rabbits, and 
beeweed (Hewett, 1938; Trierweiler, 1990; 
Barnes, 1994).

Abrasive loads: Maize phytoliths and stone-on-
stone grinding processes contributed die-
tary abrasives, and environmental abrasives, 
including dust and grit common to the open 
setting (Trierweiler, 1990).

Non-dietary anterior tooth use behaviors: None 
documented.

Neandertals
The anterior microwear textures of the 
Scladina Juvenile were compared to a sample of 

Site Specimen Palaeovegetation Cover

Spy I Open (Cordy, 1988)

La Quina 5
20 Open (Bouchud, 1966; Henri-Martin, 1966)

Subalyuk 1 Open (Gross, 1956; Kordos in Schwartz & Tattersall, 2002)

Grotte de l’Hyène 
(Arcy-sur-Cure) IVb6 B9 Open (Leroi-Gourhan, 1988)

Saint-Césaire 1 Mixed (Lavaud-Girard, 1993; Leroyer & Leroi-Gourhan, 1993; Marquet, 1988, 1993; Miskovsky & Lévêque, 
1993; Morin, 2004; Patou-Mathis, 1993) 

Vindija
11.45
11.46
12.1

Mixed (Miracle et al., 2010)

Petit-Puymoyen 2
4 Mixed (Bœuf, 1969)

Rochelot 1098 Mixed (Tournepiche & Couture, 1999)

La Chaise Bourgeois-Delaunay 8 Mixed (Fellag, 1996)

Kebara 2 Mixed (Eisenmann, 1992; Speth & Tchernov, 1998, 2001, 2002)

Tabun II Mixed (Jelinek et al., 1973)

Zafarraya 4 Wooded (Barroso Ruiz et al., 2006)

Grotta Breuil 2 Wooded (Kotsakis, 1990-1991; Stiner, 1994; Recchi, 1995)

El Sidrón SDR-005 Wooded (Fortea et al., 2003)

Lakonis LKH1 Wooded (Panagopoulou et al., 2002-2004)

Amud I Wooded (Rabinovich & Hovers, 2004; Kolska Horwitz & Hongo, 2006; Belmaker & Hovers, 2008)

Table 1: Neandertal specimens whose occlusal molar microwear textures were used for the comparison with those of the 
Scladina Child (see El Zaatari et al., 2011 for details on the specimens and the palaeovegetation cover reconstructions).
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Neandertals from the site of Krapina (Krueger 
& Ungar, 2012). The Krapina Neandertals date 
to 130,000 ± 10,000, and are generally attrib-
uted to MIS 5e.  If accurate, this would suggest 
these individuals were living in a warm, wooded 
climate (Rink et al., 1995; Simek & Smith, 1997; 
Karavanić, 2004). These Neandertals are noted 
for the presence of labial-lingual rounding (incisor 
beveling) on some specimens, and the cause of 
this has been suggested to be non-dietary ante-
rior tooth use behaviors (Wolpoff, 1979). Labial 
striations on the incisors and anterior dental 
microwear analyses support this hypothesis 
(Lalueza-Fox & Frayer, 1997; Krueger & Ungar, 
2012). Specifically, microwear textures suggest 
that the Krapina Neandertals were engaging in 
moderate non-dietary anterior tooth use behav-
iors that did not require a heavy anterior loading 
regime (Krueger & Ungar, 2012).

The molar microwear data of the Scladina 
Juvenile was compared to those of a total of 
20 adult Neandertal individuals from 16 sites 
(listed in Table 1) located in different parts of 
Europe (southern, central, northern) as well as 
the Levant and dating to between MIS 6 to MIS 
3 (El Zaatari et al., 2011, 2013). An analysis of 
the molar microwear textures of these specimens 
examining the effects of time, geography, and 
palaeoecology on their diets showed that their 
diets differed significantly in response to the 
changes in palaeoecological conditions. Indeed, 
the microwear textures of these Neandertals 
indicate that they increased their intake of 
plant foods with the increase in tree cover, 
whereas they increased their intake of meat 
with the spread of cold, open steppic conditions 

(El Zaatari et al., 2011). Thus, for the compari-
sons with the Scladina molar microwear texture, 
the Neandertal specimens were grouped into 
three groups based on habitat, i.e., open, mixed, 
and wooded habitats.

3. Methods
T he microwear analyses of the Scladina teeth 

were conducted on high resolution dental 
casts. Following gentle cleaning of the dentition 
with cotton swabs soaked with distilled water, 
negative molds were first made of the Scladina 
teeth using Coltène President microSystemTM 
(Coltène®; polysiloxane vinyl) impression mate-
rial and the positive casts were then poured using 
Epo-Tek 301 epoxy resin and hardener (Epoxy 
Technologies).

A Sensofar Plµ white-light scanning confocal 
microscope (Solarius Development Inc., Sunnyvale 
California) with a 100× objective lens was used to 
scan the labial surface nearest the occlusal edge 
of the Scladina canine and the crushing/grinding 
facet 9 of the molar. Point clouds were gener-
ated for a total of four adjoining scans for each 
surface, with a lateral sampling interval of 0.18 
µm, and a total field of view of 276 × 204 µm for 
each tooth. Any identifiable defects, such as adhe-
sive or dust particles were then removed and 
photosimulations and 3D images were generated 
using the Solarmap Universal software (Solarius 
Development Inc., Sunnyvale, CA).

The four adjoining scans of each specimen were 
characterized using Toothfrax and SFrax (Surfract, 
www.surfract.com) scale-sensitive fractal analysis 
(SSFA) software packages. Five texture variables 

Table 2: Raw data for the Scladina Neandertal anterior teeth microwear texture and summary statistics for the modern 
human and Neandertal comparative samples. Five texture variables were generated: complexity (Asfc), anisotropy 

(epLsar), scale of maximum complexity (Smc), textural fill volume (Tfv), and heterogeneity (HAsfc9 and HAsfc81).

Asfc epLsar Smc Tfv HAsfc9 HAsfc81

SCLADINA NEANDERTAL 1.22 0.0051 0.34 10778.82 0.44 0.97

Aleut (n = 24)
Mean 0.93 0.0030 0.40 7434.50 0.38 0.61

SD 0.45 0.0011 0.36 5272.19 0.07 0.12

Arikara (n = 18)
Mean 0.77 0.0036 0.38 1897.76 0.37 0.56

SD 0.40 0.0016 0.22 2466.36 0.08 0.12

Ipiutak (n = 22)
Mean 3.43 0.0020 0.34 12143.02 0.66 1.36

SD 3.03 0.0008 0.28 4253.49 0.31 0.80

Tigara (n = 34)
Mean 1.20 0.0032 0.35 7296.02 0.53 0.89

SD 0.99 0.0015 0.12 5391.20 0.26 0.46

Puye Pueblo (n = 18)
Mean 1.24 0.0040 0.31 5093.03 0.48 0.75

SD 1.01 0.0012 0.22 4183.08 0.14 0.32

Neandertals
Krapina (n = 17)

Mean 1.27 0.0031 0.39 5810.11 0.42 0.68

SD 0.45 0.0013 0.14 3620.88 0.08 0.16
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were generated: complexity (Asfc), anisotropy 
(epLsar), scale of maximum complexity (Smc), 
textural fill volume (Tfv), and heterogeneity 
(HAsfc). These variables have been discussed 
in detail elsewhere (see Scott et al., 2005, 2006; 
Ungar et al., 2007). Briefly, complexity (Asfc) is 
a measure of the change of surface roughness 
across different scales of observation. Anisotropy 
(epLsar) is a reflection of the concentration of 
wear feature orientations. Scale of maximum 
complexity (Smc) is an indicator of the size of the 
microwear features. Textural fill volume (Tfv) is 
a reflection of the geometrical shape and depth 
of wear features. Heterogeneity (HAsfc) reveals 
the variability in complexity across the surface. 
It should be noted that the individual heteroge-
neity value for the Scladina molar used in this 
study was calculated using the four scans for this 
tooth without splitting single scans into smaller 
sub-regions, whereas two values of heteroge-
neity for the Scladina canine were calculated by 
dividing each field of view into 3×3 (HAsfc9) and 
9×9 (HAsfc81) grids. Finally, for the four scans, 
median values for each of the five texture varia-
bles were calculated for each tooth.

The values for the five variables for the Scladina 
canine were then compared to data available from 
maxillary central incisors of the modern compar-
ative samples and from maxillary and mandibular 
incisors and canines of the Krapina Neandertals 
(Krueger & Ungar, 2010, 2012; Krueger, 2014). 
Microwear textures have been shown to not differ 
significantly between these tooth types and jaws 

(Krueger, 2011). The values for the texture vari-
ables for the Scladina molar were compared to 
similar data collected from molars of the modern 
human and Neandertal samples (El Zaatari, 
2014; El Zaatari et al., 2011, 2013). The lack of 
significant differences in microwear patterns by 
molar type or position in recent hunter-gatherer 
groups makes it possible to include data from 
molars with different positions for the specimens 
analyzed (El Zaatari, 2010).

4. Results

R epresentative 2D photosimulations of the 
surfaces of the Scladina and the comparative 

groups’ dentition are presented in Figures 1 & 2.  
Raw data for the Scladina Neandertal microwear 
textures, along with the summary statistics for 
the modern human and Neandertal comparative 
samples are presented in Tables 2 & 3.  Results are 
illustrated in Figures 3 & 4.

4.1. Complexity
The Scladina canine complexity value is 1.22. It 
is nearly identical to, and intermediate between, 
the mean values for the Puye Pueblo and the 
Tigara modern human samples. This value 
also falls within the one standard deviation 
ranges of the means of the Ipiutak and Aleut. 
The complexity value of the Scladina canine 
is very close to the mean value of the Krapina 
Neandertal sample.

Asfc epLsar Smc Tfv HAsfc1

SCLADINA NEANDERTAL 0.76 0.0014 1.67 9422.17 0.13

Aleut (n = 21)
Mean 2.59 0.0028 0.45 10383.20 0.22

SD 1.60 0.0011 0.73 5419.60 0.14

Arikara (n = 16)
Mean 1.15 0.0027 0.82 5672.80 0.20

SD 1.09 0.0015 0.97 5997.80 0.15

Ipiutak (n = 17)
Mean 10.03 0.0019 0.18 13984.20 0.20

SD 7.61 0.0006 0.05 3133.60 0.13

Tigara (n = 27)
Mean 6.41 0.0031 0.22 12434.10 0.29

SD 5.62 0.0016 0.07 4946.70 0.20

Fuegians (n = 6)
Mean 0.95 0.0044 0.40 5224.80 0.11

SD 0.29 0.0014 0.14 3522.50 0.03

Neandertals
Open (n = 5)

Mean 1.08 0.0023 0.30 10770.26 0.11

SD 0.24 0.0008 0.10 1645.88 0.09

Neandertals
Mixed (n = 10)

Mean 1.54 0.0030 0.44 10935.31 0.26

SD 0.47 0.0010 0.57 5519.59 0.14

Neandertals
Wooded (n = 5)

Mean 2.87 0.0023 3.72 14560.62 0.53

SD 0.52 0.0016 4.98 2085.99 0.44

Table 3: Raw data for the Scladina Neandertal molar microwear texture and summary statistics for the modern 
human and Neandertal comparative samples. Five texture variables were generated: complexity (Asfc), anisotropy 

(epLsar), scale of maximum complexity (Smc), textural fill volume (Tfv), and heterogeneity (HAsfc1).
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Figure 1: Representative 2D photosimulations of an area of 
276 x 204 µm2 of the anterior dentitions of:  a) Scladina, b) Aleut, c) Arikara, 

d) Ipuitak, e) Tigara, f) Puye Pueblo, g) Neandertal (Krapina 73).

The complexity value of the Scladina molar 
falls within the one standard deviation ranges 
of the means of the Arikara, Fuegians, and 
Neandertals from open habitats, and outside the 
ranges of variation of the rest of the modern and 
Neandertal groups.

4.2. Anisotropy
The Scladina canine anisotropy value, which is 
0.0051, is higher than the mean values for all the 
modern human samples as well as the sample 
of Krapina Neandertals. It also falls outside the 
ranges of all the comparative groups with the 
exception of the Puye Pueblo and Arikara.

The molar anisotropy value for the Scladina 
Juvenile falls within the one standard deviation 
ranges of the means of the Arikara, Ipiutak, and 
Tigara and outside the ranges of the Aleut and 

Fuegians. From the Neandertal groups, the anisot-
ropy value of the Scladina molar falls within the 
ranges of the Neandertals from open as well as 
those from wooded habitats.

4.3. Scale of maximum complexity

The Scladina canine Smc value is 0.34, and is 
identical to that of the Ipiutak. It is also very 
close to the value for the Tigara. The Scladina 
individual is within the range of every modern 
human sample and the Krapina Neandertals.

The Scladina molar has a relatively high value 
for the scale of maximum complexity. This value 
falls within the one standard deviation range of 
the mean of the Arikara from the recent human 
groups and the Neandertals from wooded habitats 
from the Neandertal groups analyzed.

a

b

c

d

e

f

g
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Figure 2: Representative 2D 
photosimulations of an area of 276 x 204 

µm2 of the occlusal molar surfaces of: 
a) Scladina, b) Aleut, c) Arikara, d) Ipuitak, 
e) Tigara, f) Fuegians, g) Neandertal from 

open habitat (Subalyuk 1), h) Neandertal from 
mixed habitat (Vindija 11-46), i) Neandertal 

from wooded habitat (Grotta Breuil 2).

a b

c d

e f

g h
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4.4. Textural fill volume

The Scladina canine textural fill volume is 10,778.82. 
This Tfv value falls within the range of the Ipiutak, 
Tigara, and Aleut, i.e., all the arctic comparative 
samples used in this study, and outside the ranges 
of the Arikara and the Puye Pueblo. It is higher 
than the mean Krapina Neandertal value, and also 
falls outside the range of this sample.

The textural fill volume value for the Scladina 
molar falls within the ranges of one standard 
deviation of the means of the Aleut, Arikara, 
and  Tigara from the recent human groups, as 
well  as the Neandertals from open and mixed 
habitats, and outside the ranges of the remaining 
recent human groups and the Neandertals from 
wooded habitats.

4.5. Heterogeneity

The Scladina canine heterogeneity 3×3 and 9×9 
values are 0.44 and 0.97. The 3×3 value is closest 
to the mean of the Puye Pueblo from the modern 
comparative samples. Yet, this value also falls 
within the ranges of the Tigara and Ipiutak from 
Point Hope. The Scladina canine 3×3 value is also 
very close to the mean of the Krapina Neandertal 
sample. On the other hand, the 9×9 value is 
closest to the mean of the Tigara sample, but it 
also falls within the one standard deviation ranges 
of the means of the Ipiutak and Puye Pueblo. The 
Scladina canine 9×9 value is not only considerably 
higher than the mean of the Krapina Neandertals, 
but is also above the range for this sample.

The heterogeneity value (HAsfc1) of the 
Scladina molar falls within the one standard 

Figure 3: Plots of the means (dots) and one standard deviation ranges (bars) for the anterior dental 
microwear texture variables for Scladina and the modern human and Neandertal comparative groups.
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deviation of the mean ranges of all the recent 
human and the Neandertal groups analyzed.

5. Discussion
5.1. Anterior dental microwear textures

M icrowear texture analysis of anterior 
dentition in bioarchaeological modern 

human groups with known dietary and non-
dietary anterior tooth use behaviors have shown 
that the different microwear texture variables 
reflect these behaviors (Krueger & Ungar, 2010; 
Krueger, 2011). The anisotropy variable has 
been demonstrated to be good at distinguishing 
non-dietary from dietary anterior tooth use 
behaviors (Krueger & Ungar, 2010; Krueger, 
2011). Specifically, the samples with low anisot-
ropy values (0.0032 and lower) are those that are 
documented as using their anterior dentition in 

non-dietary behaviors. On the other hand, those 
with higher values are the samples that only 
use their anterior dentition for dietary purposes, 
such as incising a food item (Krueger & Ungar, 
2010; Krueger, 2011). Textural fill volume has 
been associated with anterior loading regimes 
(Krueger, 2011). Those samples with high textural 
fill volume values indicate high anterior loading, 
while those with low values suggest the opposite 
(Krueger, 2011). Both Point Hope samples as well 
as the Aleut have high texture fill volume values. 
These samples are documented to have partici-
pated in high loading regimes which were related 
to various uses of the anterior dentition in non-
dietary behaviors. Heterogeneity 3×3 and 9×9 
has been linked to coarse- and fine-scale abrasive 
particle density and size, respectively (Krueger & 
Ungar, 2010; Krueger, 2011). If the heterogeneity 
values are high, exposure to abrasives were also 
high, and vice versa. Complexity values of ante-
rior dentition have been linked to two factors: 

Figure 4: Plots of the means (dots) and one standard deviation ranges (bars) for the molar microwear 
texture variables for Scladina and the modern human and Neandertal comparative groups.
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1) the level of abrasive exposure and 2) the level 
of non-dietary anterior tooth use behaviors 
(Krueger, 2011). Thus, if both factors are high 
or low, complexity will be high or low, respec-
tively. If one factor is high, then complexity will 
be moderate. Lastly, the Smc variable has not been 
shown to be particularly useful for distinguishing 
samples in anterior dental microwear studies, and 
will not be discussed further here.

Overall, in comparison to the modern human 
samples, the Scladina Neandertal anterior micro-
wear texture values for anisotropy, texture fill 
volume, and heterogeneity 9×9 are relatively high, 
while those for heterogeneity 3×3 and complexity 
are relatively moderate. The relatively very 
high Scladina Neandertal anisotropy value and 
its congruence only with the Puye Pueblo and 
Arikara, the two samples that used their ante-
rior dentition solely for dietary purposes, strongly 
indicates only dietary use of the anterior denti-
tion. Similarly, the high textural fill volume value 
of the Scladina Neandertal suggests that this 
individual participated in high anterior loading 
regimes, yet its relatively high anisotropy value 
indicates that these anterior loads were most 
likely associated with incising tough food items 
rather than non-dietary anterior tooth use behav-
iors. Both heterogeneity values for the Scladina 
individual fall within the ranges of the modern 
human comparative groups that were exposed to 
relatively high amounts of dietary and environ-
mental abrasive loads (i.e., Puye Pueblo, and the 
two Point Hope samples). This suggests that the 
Scladina Juvenile was also exposed to a relatively 
high amount of environmental and/or dietary 
abrasive loads. The Scladina canine complexity 
value is relatively moderate. Yet, since other 
texture values do not suggest non-dietary anterior 
tooth use behaviors for the Scladina Neandertal, 
this is not a factor here. Thus, the moderate value 
of the Scladina Neandertal is congruent with high 
levels of abrasive exposure only.

In comparison to the Krapina Neandertals, 
the Scladina anterior dental microwear values for 
heterogeneity 3×3 and complexity fall within the 
Krapina sample’s ranges for these two variables. 
This suggests that the Scladina Neandertal was 
exposed to similar amounts of dietary and/or envi-
ronmental coarse abrasive loads as the Krapina 
Neandertals. The Scladina values for the remaining 
variables, i.e., anisotropy, heterogeneity 9×9, and 
textural fill volume, are all higher than those of 
the Krapina Neandertals. This suggests that the 
Scladina Juvenile engaged in fewer non-dietary 

tooth use behaviors and was exposed to rela-
tively higher amounts of fine-scale abrasive loads 
compared to the Krapina Neandertals. It should be 
mentioned that the Krapina Neandertal values for 
these variables reflect a moderate anterior loading 
regime associated with moderate non-dietary 
anterior tooth use behaviors and an exposure to 
relatively low amounts of fine-scale abrasive loads 
(Krueger & Ungar, 2012).

The results of the anterior microwear texture 
analysis of the Scladina Neandertal show that, 
while Neandertals are often associated with non-
dietary anterior tooth use behaviors, most often 
associated with intense clamping and grasping 
activities, this is not always the case, at least for 
the Scladina individual. Several explanations can 
be put forth for the lack of a non-dietary anterior 
tooth use signal for the Scladina Neandertal. One 
possible explanation is that perhaps the Scladina 
Neandertal lived during a relatively warm period 
of MIS 5 which would have allowed for the 
release of the anterior dentition from intense non-
dietary behaviors that are often affiliated with 
the processing of hide for protective purposes. 
Unfortunately, this cannot be confirmed as envi-
ronmental reconstructions for the layer from 
which the Scladina Neandertal was recovered are 
unavailable (see Chapter 5). Another explanation 
is that the Scladina Neandertal was too young to 
participate in non-dietary anterior tooth behav-
iors. Indeed, this individual is approximately 
eight years old (Smith et al., 2007), and it remains 
unknown when sub-adult Neandertals would 
have fully participated in adult activities. Thus, 
the anterior dental microwear analysis of the 
Scladina individual offers a unique look into the 
dietary and behavioral strategies of Neandertals, 
and perhaps offers a glimpse into the responsibil-
ities of sub-adults.

5.2. Molar microwear textures

Differences in occlusal molar microwear textures 
of Recent Modern Human groups were found to 
be highly correlated with the ethnographically 
documented or archeologically inferred differ-
ences in the diets and food preparation techniques 
of these groups (El Zaatari, 2014). Specifically, 
the complexity values have been found to be 
positively correlated with the levels of abrasives 
(hard brittle items) ingested. These abrasives can 
either be of dietary nature or can also be extra-
neous particles (i.e., environmental abrasives 
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such as sand, grit, etc) that get attached to the 
food items as a result of food preparation tech-
niques (El Zaatari, 2014). To this end, the two 
Point Hope populations, known to ingest very 
high amounts of environmental abrasives, have 
very high complexity values compared to the 
remaining groups. On the other hand, the anisot-
ropy variable has been found to be linked to the 
level of consumption of softer, but tougher items, 
such that a high anisotropy value would indicate 
the consumption of large amounts of tough foods 
compared to hard foods (El Zaatari, 2014). The 
high anisotropy value of the Fuegians compared 
to the rest of the modern human samples analyzed 
illustrates the relation between the anisotropy 
variable and the consumption of tough foods rela-
tive to abrasive foods. Unlike the other groups, the 
Fuegians’ based their subsistence almost exclu-
sively on meat (a relatively tough dietary item) that 
was generally free of dietary and environmental 
abrasives. The scale of maximum complexity was 
found to be mostly correlated with the size of the 
wear causing particles (El Zaatari, 2014). The two 
Point Hope populations who ingested substantial 
amounts of small sand particles along with their 
food were found to have the lowest, as well as 
the least dispersed, values for scale of maximum 
complexity among the groups analyzed. On the 
other hand, the Arikara whose diet consisted of 
different kinds of plant food abrasives were found 
to have the highest scale of maximum complexity 
mean value and the most dispersion in indi-
vidual values for this variable among the groups 
analyzed (El Zaatari, 2014). Textural fill volume 
values are most likely affected by two factors, the 
amount and size of the abrasive particles. A high 
textural fill volume value would indicate a large 
consumption of abrasive particles or a consump-
tion of very hard abrasive particles that would 
cause deep features on the occlusal molar surface 
(El Zaatari, 2014). The heterogeneity variable 
has not been found to be a differentiating factor 
among the recent human populations analyzed 
to date (El Zaatari, 2014). But, studies of non-
human primates have suggested this variable to 
be associated with the level of individual dietary 
variability. Ingesting different kinds of parti-
cles would increase the variability in microwear 
texture across the tooth surface, and thus would 
lead to a higher heterogeneity value (Scott et al., 
2012).

Compared to the recent human samples, the 
relatively low surface complexity of the Scladina 
molar and its similarity to those of individuals 

belonging to two of the recent human samples, the 
Fuegians and the Arikara, whose diets consisted 
of the smallest amount of abrasives among the 
groups analyzed, reflects a diet focused on softer 
foods with a low level of abrasives for the Scladina 
Neandertal. The low anisotropy value of the 
Scladina molar suggests that this juvenile’s diet 
did not consist exclusively of tough foods. Indeed, 
The Scladina molar has anisotropy value that is 
substantially lower than the Fuegians’ values, 
but falls within the lower range of values of the 
Arikara, a group that is known to have consumed 
substantial amounts of dried bison meat (a tough 
food item) along with dietary abrasives for its 
subsistence. The Scladina molar textural fill volume 
value is relatively intermediate. This most likely 
reflects large abrasive particles since, as illustrated 
by the complexity value, the diet of the Scladina 
Child did not consist of large amounts of abra-
sives. The ingestion of large size abrasive particles 
by the Scladina Child is also supported by its rela-
tively large scale of maximum complexity value. 
This value is substantially higher than individuals 
from Point Hope whose diets consisted of large 
amounts of small extraneous grit and sand parti-
cles and similar to specimens from the Arikara 
group, whose diet consisted of abrasives of dietary 
nature. Overall, the molar microwear texture indi-
cates that the diet of the Scladina Child consisted 
of a mix of soft and tough food items along with 
some abrasive items that were most likely dietary 
rather than environmental in nature. Stable 
isotope analyses have indicated a meat based 
diet for this Neandertal (Bocherens et al., 1999, 
2001). The results of this study are in accord with 
this reconstruction since meat is generally a soft, 
but tough food item. Yet, the microwear data also 
reveals that the diet of the Scladina Child most 
likely included small amounts of abrasive plant 
foods as well.

The Neandertal groups from different palaeo-
ecological conditions were best distinguished 
based on the complexity and heterogeneity vari-
ables. For the complexity variable, the low value 
of the Scladina Juvenile is most similar to adult 
Neandertals from open habitats. The Scladina 
heterogeneity value falls within the range of the 
Neandertals from open as well as wooded habitats. 
Yet, it is much closer to the mean of the former 
rather than that of the latter. Neandertals from 
wooded habitats were found to have a relatively 
wide dispersion of values most likely reflecting a 
high level of variation in individual dietary vari-
ability. The relatively low heterogeneity value for 
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the Scladina Juvenile reflects a diet consisting 
of low variability in food items ingested by this 
child. Unfortunately, palaeoenvironmental recon-
structions are unavailable for the layers of the 
Scladina site that yielded the Neandertal juvenile 
(see Chapter 5). Thus, it remains unclear whether 
the similarity in molar microwear textures between 
the Scladina Juvenile and the adult Neandertals 
from open habitats is simply a reflection of dietary 
similarity in similar environmental conditions or 
whether it was linked to other factors such as the 
young age of this individual.

6. Conclusions

I n this study the microwear textures of the 
anterior and molar dentition of the Scladina 

Neandertal were analyzed and compared to those 
of bioarchaeological human populations as well 
as adult Neandertals. The aim of this study was 
to gain insights into the diet and behavior of the 
Scladina Juvenile. The results of this study show 
that the Scladina Neandertal used his/her anterior 
dentition solely for dietary purposes and that this 
child did not practice non-dietary anterior tooth 
use behaviors. Concerning diet, the microwear 
textures of the Scladina Child show that the diet 
of this Neandertal can be best described as having 
consisted of a mix of soft and tough foods in addi-
tion to some amounts of dietary abrasives. Also, 
the anterior dental microwear texture results 
suggest that some of the foods ingested by this 
child required a high anterior loading regime. 
Synthesizing these data, perhaps the Scladina 
Neandertal was subsisting on dried meat. Incising 
such a foodstuff would require a high anterior 
loading regime. Once in the oral cavity, it would 
be tough, but as the saliva and molars break it 
down chemically and mechanically, respectively, 
it would become soft. This is just one explana-
tion of many possible ideas, and perhaps further 
research can shed more light. Overall, the dental 
microwear analysis of the Scladina individual 
offered a unique look into the dietary and behav-
ioral strategies of Neandertals, and perhaps also 
offered a glimpse into the diets and responsibili-
ties of sub-adults.
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