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Abstract
The dietary habits of Neanderthals are considered an issue of great interest in the literature and have opened an
important number of fruitful debates. Indeed, understanding diets can provide important information regarding
issues of palaeoenvironmental reconstructions and subsistence strategies. In this respect, dental remains can play a
vital role in the conducted efforts to reconstruct the palaeoecological niches securely and accurately since dental
microwear analyses have precisely detected dietary patterns of the populations in the past. In this context, the
Iberian Peninsula forms an interesting model for examining Neanderthal populations, their subsistence strategies,
and adaptive skills. This study aims the examination of already published data in order to provide a holistic
approach regarding the dietary habits of H. neanderthalensis populations in the Iberian Peninsula, along with the
importance of the utilization of dental microwear analysis in the archaeological record.

Introduction

The Iberian Peninsula is located in the southwestern part of the European continent and covers an extent
of more than 583 km2. The area is characterized by an abundance of geomorphological and
environmental diversities, constituting a unique mosaic in every manifestation. Exhibiting sites such as
Fuente Nueva 3, the Atapuerca sites, El Sidrón, and many more, it can be easily inferred that this
specific geographical latitude played a major role in every aspect of human evolution from as early as
the Early Pleistocene (Blain et al 2011; Espigares et al 2019). The abundance of well-dated sites and
preserved remains regarding the lineage of H. neanderthalensis places the peninsula as a point of
primary importance regarding hotly debated issues, such as the contacts between AMHs and
Neanderthals (Yravedra et al 2015) and the temporal determination of the extinction of the latter, since it
appears that the area functioned as a late refugium for the last populations of our closest ancestors
(Zilhao 2000; 2006).

The dental microwear analysis is based on the detection of specific alterations on the enamel surface,
which originate either from food consumption or by behavioral utilization of the teeth from the
populations. These features, which are related to diet, mostly consist of striations and pits and are
heavily dependent on several variables, such as the examined individual, the post-depositional
processes, and the type of food, elements that can significantly disrupt the enamel profile (Espurz et al
2004). The possibility of intragroup variation regarding the microwear signatures has already been
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exhibited in previous studies, exposing sexual and age separation with respect to masticatory activities
(Pérez-Pérez et al 1994; Romero and de Juan 2007, for instance).

The first idea regarding the extraction of pieces of information to infer dietary habits from dental
records is placed in the 1920s, when enamel striations were interpreted as indicators of chewing
processes (Calandra et al 2019). However, it was only until the end of 1970s, that two pioneering works
managed to provide a more stable methodological framework using scanning electron microscope on
the occlusal views of mammalian teeth (Rensberger 1978; Walker et al 1978). During recent decades,
technological development and the implementation of more enhanced microscopic applications have
provided the opportunity to construct more stable methodologies and quantitative approaches.
Nowadays, the most widespread methodology consists of examining the occlusal and buccal surfaces of
the dental remains using a confocal microscope and a scanning electron microscope respectively, while
at the same time, new types of microscopes are explored and utilized for the determination of dietary
patterns, such as the digital microscope (Firmat et al 2010; Mihlbachler and Beatty 2012).

The microwear traces, which are produced during masticatory activities, such as pits and striations,
can be detected on the occlusal and buccal surfaces of the dental remains, and occur from a variety of
factors. Pits occur either when a particle is squeezed into the enamel surface (Mahoney 2006b), or as a
consequence of acidic etching (King et al 1999), while the striations are the result of the tooth-food-
tooth contact during the chewing cycle (Mills 1966). Regarding the latter, the quantification process
predicts the delineation of the orientation of the observed striae on the enamel surface since studies have
already depicted the importance of the comprehension of the jaw mechanics for the understanding of
alimentary habits (Grine and Kay 1988; Williams et al 2009). Based on the proposed methodology by
Lalueza Fox and Pérez-Pérez (1993), which enriched the existing framework of Puech et al (1980), the
striations are attributed to four different orientations concerning their inclination, and more specifically
are described either as horizontal (0°–22.5° or 157.5°–180°), disto-occlusal to mesio-cervical (22.5°–
67.5°), vertical (67.5°–112.5°) or mesio-occlusal to disto-cervical (112.5°–157.5°).

The effect of non-alimentary activities on dental remains is revealed by the presence of striations,
grooves, or chipping on the enamel surface. Explicitly, striations with characteristics of cut marks occur
on the enamel tissue through the use of the mouth as a “third hand’’ for the stabilization of an object
during the conduction of an activity, a practice, that has been identified in both the archaeological and
ethnoarchaeological records (Lalueza Fox 1992; Lozano-Ruiz et al 2004). Grooves appear in the enamel
surface in the morph of parallel striations (Frayer and Russell 1987), while their attribution to para-
masticatory activities can be confirmed by the existence of polish within them, indicating tooth-picking
behavior (Krueger and Ungar 2012). Finally, chipping on the dental tissue occurs through the process of
holding or tearing different objects with the use of the alimentary apparatus (Fiorenza et al 2011a;
Krueger 2015).

The dental features differ with respect to the view of the dental remain, since the examination of the
buccal surfaces aims the detection of scratches, while the one of occlusal surfaces extracts information
from scratches and pits. Raw meat is not hard enough to scratch dental enamel (Organ et al 2005). The
microwear turnover, which can be attributed to the consumption of meat, can be better explained since
the dried and though meat demands high chewing forces for a longer time, subsequently producing
dental microwear. In some cases, individuals with a mainly based diet of meat show a high number of
striations due to exogenous grit adhered to dental surfaces.

Furthermore, the use of grasses and plants in the diet is indicated by more worn facets with respect to
the occlusal surfaces due to the abrasive composition of phytoliths, which is characterized by the
existence of high levels of silica (Karriger et al 2016; Rodriguez-Rojas et al 2020). On buccal surfaces,
this element can be recognized in the number and the orientation of scratches, since the specific part of
the tooth is not directly exposed to the masticatory processes (Drtikolova Kaupova et al 2023).
Important changes in the occlusal views regarding the tooth tissue can be attributed to tooth-to-tooth
contact during the mastication process, as it has also been highlighted by experimental studies (Winkler
et al 2020; Krueger et al 2021). Finally, microwear can also occur from the consumption of exogenous
particles, such as sand, generic dirt, and ashes, which can be included in the food; this is the case mostly
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when examining populations, which are placed in cold climates where the underground storage of meat
is considered of vital importance for its long-term preservation (El-Zaatari 2008).

An important aspect for the undergone of dental microwear analysis is the production of replicas and
the subsequent microscopic observations on the impression molds and casts. The production of the
former is undergone with the use of silicone compound, while a study by Sawaura et al (2022)
demonstrated that the most accurate result originates from the use of materials with medium viscosity,
even though previous analyses have exhibited the importance of the use of compounds with low
viscosities for the prevent of damage on the enamel and precise replications (Galbany et al 2006;
Goodall et al 2015). For the latter, epoxy resins are the ones preferred due to their durable properties and
their good possibilities regarding the production of precise imprints of the enamel surfaces of the tooth
(Galbany et al 2004; Ungar et al 2019). Furthermore, the produced positives and negatives permit easy
transportation among laboratories, providing convenience in the efforts for transmission and transfusion
of knowledge in the scientific community. In the case of the examination of the buccal surface, the use
of a conductive material such as a gold coat for the coverage and the subsequent non-exposure of the
examined replica to the radiation of the scanning electron microscope prevents possible wear of the
surface and loss of the archaeological information and permits a rational use of the SEM.

The examination of the buccal surface aims the detection of wear patterns, which suggest feeding
habits and dietary hints (Pinilla Perez et al 2011; Pérez-Pérez et al 2017). An important aspect regarding
the buccal surface is the understanding of dietary patterns throughout the lifetime of the individual since
this specific view is not exposed to non-masticatory activities (Alrousan 2016). In this case, the
microscopic observation is being held with the utilization of a scanning electron microscope, while the
methodology predicts the coverage of the replicas in gold-coating for the avoidance of any alternation of
the original enamel surface during the examination process.

Dental microwear analyses on the occlusal surfaces of dental remains have proven to provide
important insights regarding issues of dietary reconstructions on both extinct and extant human or
mammal populations (Arman et al 2016; Bas et al 2021; El-Zaatari 2008, 2010). Since the occlusal
surface of the tooth is heavily exposed to masticatory activities, an important level of wear can be
observed on this specific surface (Grine 1986). At the beginning of the discipline, the analysis was
performed using a scanning electron microscope (SEM); subsequently, the confocal microscope was
introduced, which eventually replaced SEM for the examination of the occlusal surfaces since it
provides the opportunity for the obtainment of 2D and 3D proxies of the enamel surface (DeSantis et al
2013). Based on the functional identifications of Maier and Schneck, the upper and lower molars of
hominins are characterized by 13 corresponding pairs of facets on their occlusal surfaces (1981; 1982).
Previous studies have aimed the understanding of the mechanical processes on occlusal surfaces,
indicating that the most heavily affected parts are the facets 9 and 11 in the cases of both deciduous and
permanent molars (Bas et al 2020; Mahoney 2006a).

The aim of this study is the examination of Neanderthal sites from the Iberian Peninsula, in which
dental microwear analysis has been conducted, along with the explanation of general issues concerning
the dental microwear methodologies (Figure 1).

Materials and Methods

This research is based on bibliographic data, which pertain to operated dental microwear analyses with
respect to neanderthal remains of the iberian record to date. For this reason, the described sites have been
sorted based on their chronology, from the oldest site to the youngest one (Table 1).

The Devil’s Tower site in the southern part of the Iberian Peninsula presents impressive findings with
decisive paleoanthropological interest. More specifically, the discovery of human remains identified as
Neanderthals in 1926 in the Gibraltarian karstic system, along with the extraction of ancient DNA from
the fossils during the last years has placed the site in the spotlight and has created important debates
regarding palaeoecological issues. However, the non-existence of scientific formalities and excavation
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methods during the fieldwork has prevented a precise temporal specification of the findings, but a
conventional one between 130 and 30 kya (Bokelmann et al 2019). The human remains at the site
consist of a cranium and a mandible, which are attributed to a Neanderthal male child. Inside this
context, the analysis of Lalueza-Fox and Pérez-Pérez (1993) focused on the buccal surfaces of the
deciduous molars, aiming to extract pieces of information regarding dietary proxies.

Another Late Middle Pleistocene site with paleoanthropological interest attributed to Neanderthals,
which includes dental remains as well, is Gruta da Figueira Brava on the eastern coast of the Peninsula.
The site is dated between 106 and 86 kya and preserves an impressive record, which includes the

Figure 1. Geographic determination of the examined sites.

Table 1. Dental microwear analyses applied on Neanderthal populations of the Iberian record

Site Dating Examined dental remains n Reference
Devil’s
Tower

130,000–30,000 BP L dM1/R dM2 2 Lalueza Fox and
Pérez-Pérez 1993

Figueira
Brava

106,000–86,000 BP LP4 1 Egocheaga et al 2004

Axlor 49,300 BP L dPM4/L dI1 2 Estalrrich and Marin-
Arroyo 2021

El Sidrón 49,000 BP LM2/RM1/LM2/LM2/LM1/
LM2/LM1/RM1

8 Estalrrich et al 2017

El Salt 47,200–45,200 BP UPM 1 Pérez-Pérez et al 2003
Zafarraya 46,700 BP Undetermined 3 Krueger et al 2017
Sima de las
Palomas

43,000–40,000 BP RM2/LM1 2 Pérez-Pérez et al 2017

Total 19
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exploitation of marine resources (Nabais et al 2023; Zilhao et al 2020). Indeed, it appears that the
location of the site on the coastline and its placement inside the Mediterranean vegetation contributed to
the provision of all the decisive elements to the Neanderthal populations, which occupied the area. The
dental remain of the site, which has undergone a dental microwear analysis is an LP4, while the
microscopic observation focused on the buccal surface with the use of a scanning electron microscope
(Egocheaga et al 2004).

Axlor Cave in the Cantabrian region has provided important insights regarding the subsistence
strategies of Neanderthals, along with the development of the Mousterian knapping technocomplex
(Garcia-Diez et al 2013). The Neanderthal occupation on the site appears in layers III and IV, with the
latter to have been dated at >49,300 through the usage of new protocols for the extraction and the
ultrafiltration of collagen from deer remains, which experienced anthropogenic modification (Gomez-
Olivencia et al 2018). The human remains of Level IV have produced a debate regarding their attribution
to a specific lineage, with Gonzalez-Urquijo et al (2021) supporting a clear taxonomical allocation on
Neanderthals based on the understanding of the morphologies of the occlusal surfaces of the Axlor’s
dental remains and the sedimentary processes of the site. In this context, a study from Estalrrich and
Marin-Arroyo (2021) focused on detecting patterns of enamel alternation using a digital microscope.

El Sidrón site has provided the scientific community with some of the most important human remains
with respect to the lineage of H. neanderthalensis on a global scale. The site is located in the northern
part of the Iberian Peninsula and is dated at ca. 49 kya through AMS dating method, thus providing the
opportunity for the extraction of pieces of information just before the beginning of the end of
Neanderthals (Rios et al 2019). Explicitly, the existence of anatomical anomalies in an important
number of individuals indicates an alternation in the behavioral levels and subsistence strategies of
Neanderthals just in the temporal point, when the arrival of AMHs in Europe is clearly documented
(Hublin et al 2020; Slimak et al 2022). The study of Estalrrich et al (2017) included the analysis of the
occlusal surfaces of the dental remains from 11 individuals and their subsequent microscopic
observation with a confocal microscope.

El Salt site is located in the southeastern part of the Iberian Peninsula and is characterized by
important findings for the understanding of the existence of Late Neanderthals. Explicitly, the site is
placed between 47.2 ± 4.4 and 45.2 ± 3.4 kya through the TL dating method, while the dental record is
comprised of six teeth (Garralda et al 2014). The recovery of human-modified faunal bones, a human
coprolite, and a rich lithic record, which is associated with the human remains provides a rare
opportunity for the undergone of a precise dietary reconstruction (Rampelli et al 2021; Sistiaga et al
2014). In this context, the study of Pérez-Pérez et al (2003) focused on the examination of the buccal
surface of an upper premolar using a scanning electron microscope.

Cueva del Boquete de Zafarraya in the south of the Iberian Peninsula depicts decisive evidence
regarding the late appearance of H. neanderthalensis. This specific site has been at the epicenter of
important debates with respect to its temporal allocation; specifically, the first placement between 31
and 28 kya has been discarded with the use of new protocols and methodological approaches, such as
the ultrafiltration of bone collagen for the minimization of the contamination factor (Mellars 2006).
Nowadays, the site is placed at >46,700 BP for the Neanderthal occupation, exposing important
difference with the preliminary dating (Wood et al 2013). The human remains consist of a mandible
with clear Neanderthal morphologies based on a biometric analysis (Sanchez 1999), while the dental
microwear analysis in a study from Krueger et al (2017) focused on the labial surfaces with the use of a
white-light confocal microscope.

The Middle Palaeolithic site of Sima de las Palomas is dated between 43 and 40 thousand years BP
and exhibits important lithic and faunal records, indicating an important presence of Neanderthals
(Walker et al., 2008;). The excavation processes began during the ‘90s and revealed impressive
findings, which are dated in a decisive temporal point for the understanding of the Middle to Upper
Palaeolithic transition in the Iberian Peninsula. The human remains consist of a partial skull and
skeletons, along with several isolated remains as an aftereffect of the unique formation processes of the
site (Walker et al 2012; Zapata et al 2017). The extraction of pieces of information regarding dietary
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habits from dental remains has been gone through by Pérez-Pérez et al (2017) on an RM2 and an LM1

concerning the buccal surfaces.
The Neanderthal record of the Iberian Peninsula is comprised of several sites, which exhibit

important interest regarding the dental remains, such as Bolomor Cave (Arsuaga et al 2012b), Mollet
Cave (Maroto et al 2012), Cova Negra (Arsuaga et al 2007), Cueva del Camino (Arsuaga et al 2012a),
among others. It is without a doubt that the appliance of dental microwear analysis on a further scale on
Neanderthal dental remains from this specific geographic latitude could provide pieces of information of
major importance regarding palaeoecological issues and palaeoenvironmental reconstructions.

Results

The reported results include analyses, which have been conducted on both the occlusal surfaces and the
buccal ones of dental remains using the protocols for their examination with the use of a confocal
microscope and a scanning electron microscope respectively (Table 2). In the case of the examination
of the labial surfaces from the dental remains of Zafarraya site, the analysis was undergone with the
use of a white-light Confocal Microscope, while the non-alimentary microwear traces of the dental
remains of Axlor site were revealed with the use of a digital microscope.

The analysis of Lalueza-Fox and Pérez-Pérez (1993) exhibited that the diet of the Neanderthal male
child from Devil’s Tower can be characterized as a carnivorous one, based on the number and the
direction of the striations in the buccal surface of the examined dental remain. Specifically, both
examined deciduous molars exhibited the predominance of vertical striations on the buccal surfaces,
along with a tendency towards lower values concerning the horizontal striations. When compared with
data from the ethnoarchaeological record, the results indicate similarities with respect to the latter
variable with groups of Fuegians and Inuit, while an important difference is observed in the number of
striations and the level of wear (Lalueza-Fox and Pérez-Pérez, 1993). Previous studies on the dental
remains of these groups have revealed mostly meat-based dietary habits, that can be explained by the
unique environmental proxies, in which they are located (El Zaatari, 2010). In the case of Devil’s
Tower, the interpreted data are characterized by relative abrasive turnovers due to the intake of
exogenous particles, which can be included in meat-based diets as described above.

In the case of Gruta da Figueira Brava, dental microwear analysis demonstrated the existence of
interproximal grooves, which are the results of the appliance of heavy mastication forces during the
chewing processes (Egocheaga et al 2004). Explicitly, the results indicated the inclusion of both meat
and hard plants in the diets of the populations from the site due to the high frequency of subvertical
grooves in the examined facet; inside this context, previous studies on the buccal surface of dental
remains attributed to H. neanderthalensis have depicted the consumption of mixed diets, which can be

Table 2. Determination of the alimentary habits of the Neanderthal populations based on the exhibited
dental features

Site Observations Diet Reference
Devil’s Tower Predominance of vertical striations Carnivorous Lalueza Fox and

Pérez-Pérez 1993
Figueira Brava Existence of subvertical grooves Mixed Egocheaga et al 2004
Axlor Indication of para-masticatory activities

(chipped enamel)
Undetermined Estalrrich and Marin-

Arroyo 2021
El Sidrón Complex occlusal facets Mixed Estalrrich et al 2017
El Salt Low number of striations Carnivorous Pérez-Pérez et al 2003
Zafarraya High anisotropy level (epLsar) Mixed Krueger et al 2017
Sima de las
Palomas

Long striations and low scratch density Carnivorous Pérez-Pérez et al 2017
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more readily apparent due to the existence of a noticeable level of wear on the buccal facet (Fiorenza
et al 2011b).

Based on the microwear signatures, the dental remains of the populations from Axlor Cave are
characterized by subvertical grooves, chipped enamel, and hints of tooth picking, which are alterations
caused as an aftereffect of specific actions and consequently indicate behavioral processes (Estalrrich
and Marin-Arroyo 2021). The alteration of the enamel due to non-alimentary activities has been
documented from as early as the beginning of our lineage (Estalrrich et al 2020); concerning the Iberian
Peninsula, behavioral traits have been extracted from the dental remains of the pre-Neanderthals from
Sima de los Huesos (Lozano et al 2008; Lozano-Ruiz et al 2004), Cova Negra (Bermudez de Castro et al
1988), and Cova Forada (Lozano et al 2013) among others.

The occlusal dental microwear signatures of the El Sidrón site displayed the espousal of a mixed diet,
which included the consumption of both meat and plants (Estalrrich et al 2017). More specifically, the
occlusal surfaces of the molars of 11 individuals from the site are characterized by important levels of
complexity, which couldn’t occur from the intake of only meat proteins; these specific results confirm the
study of Egocheaga et al (2004), who attribute the existence of interproximal grooves on the distal facet of
a lower right M2 from El Sidrón to the inclusion of hard plants in the diet among other foods. Moreover,
when comparing the results with relevant data from the ethnoarchaeological record, important similarities
can be observed between the examined materials and the results from the populations of Khoe-san and
Chumash, thus suggesting mixed dietary habits. Interestingly, a study by Radini et al (2016) focused on
the analysis of retrieved dental calculus from five individuals of El Sidrón and suggested a general
familiarization with the use of vegetal remains for both para-alimentary and behavioral reasons.

The analysis of Pérez-Pérez et al (2003) demonstrated a low number of striations in the buccal
surface of the upper premolar from El Salt, which is however bigger when compared with
contemporaneous sites from OIS 3 and less than the ones from OIS 4. The former temporal point (OIS 3)
is characterized as a generally warm event, which still includes both cold and warm intervals (Barron
and Pollard 2002). Inside this context, the microwear signature from El Salt indicates the dependence on
mostly meat-based diets, which comes as a response to the abundance of faunal remains for exploitation
during this warm period principally. Indeed, the density of striations increases significantly when
examining populations, who were placed in cold environmental contexts or inhabited cold geographical
latitudes, since the consumption of meat overlaps with the use of hard roots or/and plants, as a response
to the confined number of available faunal resources for exploitation (Rivals and Deniaux 2005).

The examination of the labial surfaces from Zafarraya exhibited the existence of a medium level of
wear concerning the volumes of anisotropy (epLsar) and texture fill volume (Tfv) (Krueger et al 2017).
The volume of anisotropy (epLsar) as a variable is laid in the understanding of the determination of the
roughness in the respective surface of the dental remain (Scott et al 2005), while the texture fill volume
(Tfv) quantifies the dental surface in square cuboids for the comprehension of different volumes (Scott
et al 2006). Indeed, when comparing different sites and obtained values, it can be inferred that the
samples of Zafarraya are placed in the general context of populations, which inhabited deciduous forests
or woodlands, such as the ones of Krapina, Tabun, and Shanidar; the diets of these populations can be
characterized as mixed, with the incorporation of both meat and plants in the alimentary process. In the
case of Zafarraya, a significant anisotropy level (epLsar) indicates the consumption of foods with
adherent endogenous or/and exogenous particles, which subsequently lead to more worn facets
regarding the labial surfaces.

The analysis of the buccal surfaces of the molars from Sima de las Palomas suggested a low scratch
density and longer striations of the buccal surfaces when compared with species, which inhabited
the Iberian Peninsula during the Early and Middle Pleistocene, such as H. antecessor and
H. heidelbergensis (Pérez-Pérez et al 2017). As described above, the analysis of the buccal surface
can provide a general approach to the alimentary composition throughout the lifetime of an individual
(Pérez-Pérez 2004). Inside this context, the results from Sima de las Palomas underline the consumption
of processed foods from the Neanderthal population of the site, which lead to less worn facets on dental
remains due to the use of fire and more developed lithic technocomplexes in the preparation of food.
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Discussion

The majority of the described analyses include conducted examinations on the buccal surfaces of the
dental remains using scanning electron microscopes, such as in the cases of Devil’s Tower, Figueira
Brava, El Salt, and Sima de las Palomas sites. Based on the results above, it can be easily extracted that
the diets of Neanderthal populations of the Iberian Peninsula are totally correlated to the environmental
context, in which they inhabited. However, concerning the relatively small number of examined
Neanderthal sites of the Iberian Peninsula through dental microwear analysis, along with the scarce
pieces of information regarding demographic dynamics on the majority of them, it should be clear that
the described results reflect the dietary habits of the populations in the studied cases with the existing
data up to date.

Neanderthal populations on sites, which are located in a coastal context or/and a low elevation, are
characterized by relatively less worn facets, whose possible level of abrasiveness is justified by the
intake of adherent particles to the meat, such as in the cases of Devil’s Tower, and Zafarraya, since the
coastal or nearly coastal environments imply the existence of sand. The effect of the ingestion of
exogenous particles during the masticatory activity has been already highlighted by experimental
studies on mammalian dental remains (Louail et al 2022; Uzunidis et al 2021). On the contrary, the
inhabitation of sites, which were located in environments with the presence of deciduous forests or/ and
woodlands, resulted in a bigger level of wear to the feeding apparatus due to the implementation of
plants or/and hard roots in the alimentary processes, such as in the cases of Gruta da Figueira Brava, El
Sidrón, and El Salt. Interestingly, when comparing the sites in chronological terms, a shift in the dietary
patterns cannot be observed; this shift only occurs when considering the different palaeoecological
placement of the sites, confirming the total correlation between the diets of the populations and the
palaeoenvironmental context.

When comparing the dental microwear signatures between different sites from Europe and
Western Eurasia, it can be easily understood that the Neanderthal behavior didn’t change significantly
with respect to different Marine Isotope Stages; on the contrary, the climatic fluctuations led to the
adoption of different dietary habits, with the implementation of hard roots or/and plants in the cases of
the cold-stepped environments (El Zaatari et al 2011). Indeed, dental microwear texture analysis on
hunted ungulates has exhibited these differences in the palaeoecological statuses between MIS 5 and
MIS 3, with the prevalence of more open environments and lower temperatures in the European
continent (Berlioz et al 2023). Inside this context, it doesn’t appear that the environmental conditions
led to the gradual demise of the Neanderthal populations, which only occurred after the arrival of the
AMHs (Timmermann 2020).

To obtain a holistic approach regarding the dietary habits of the populations of a site, the
contextualization, and verification between the results of different types of analyses are required,
imparting certainty regarding the archaeological interpretation. Inside this context, the low anisotropy
levels on the dental remains of Vindija site, Croatia, indicate a mostly meat-based diet, which has been
confirmed by the stable isotopic analysis from the site (Karriger et al 2016; Richards et al 2000).
Specifically, the high values of δ13C on the Neanderthal remains of the site have suggested the intake of
animal protein on a similar level with carnivores of the Croatian plateau, such as the Arctic fox and the
Wolf. It is without consideration that the appliance of both dental microwear analysis and stable isotopic
one on sites of the Iberian Peninsula can provide comprehensive approaches concerning the alimentary
tendencies of Neanderthal populations, such as in the case of Moros de Gabasa site (Jaouen et al 2022).

In the last decades, the appliance of analyses on dental remains on a further scale has reversed the
perception of the total dependence of Neanderthal populations on the consumption of meat in their diets
(Binford 1981, 1984). These assumptions were based on the correlation between faunal remains on
Neanderthal levels, indicating a wide and—in some cases—solely exploitation of faunal resources.
However, studies on dental calculus have demonstrated the introduction of plants for alimentary
purposes in Neanderthal populations from a wide range of geographical latitudes, from the Iberian
Peninsula (El Sidrón) to Northern Europe (Spy I and II), and Western Asia (Shanidar III and Douara
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Cave) (Akazawa 1987; Henry et al 2010; Radini et al 2016). The above statement was confirmed by a
subsequent metagenomic analysis of the dental calculus from two individuals of the El Sidrón site,
which exhibited the consumption of pine nuts (Pinus koraiensis), and forest moss (Physcomitrella
patens), among others (Weyrich et al 2017), even though a study by Dickson et al (2017) attributed the
presence of the latter (Physcomitrella patens) to contamination or taphonomic reasons. The described
elements indicate the high cognitive level, which characterizes the populations of H. neanderthalensis,
along with endured adaptive skills.

Conclusions

From the described data above, it can be understood that the applied dental microwear analyses on
dental remains of the Iberian Neanderthals have provided important insights regarding palaeoecological
issues and have enhanced the scientific community with data regarding efforts of palaeoenvironmental
reconstructions. Explicitly, the diets of the referred populations are characterized by a general
consumption of meat, with an opportunistic implementation of plants and/or hard roots in the dietary
habits in the cases of Figueira Brava, El Sidrón, and Zafarraya. The adoption of the exposed alimentary
manners underlines the total correlation between the environmental context and the dietary habits of the
populations, along with the behavioral complexity, which characterizes the Neanderthal populations of
the Iberian record.

In general, the importance of dental microwear analysis in the discipline of Archaeology is laid in the
understanding of one of the most vital elements for the survival and dominance of the genus Homo
throughout our evolutionary line, which is the obtainment of pieces of information with respect to the
subsistence strategies and dietary habits of extinct populations. It is without any consideration that
technological development, along with the appliance of new means of research could provide more
stable methodological frameworks, and quantitative approaches, and enhance our knowledge regarding
the alimentary behaviors of populations of the past.
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