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Abstract
This study aims to characterize the dietary habits of the Barcelona plain (Spain) population during the Early Bronze Age. 
An analysis of buccal microwear has been performed on 467 samples from 20 individuals buried in the largest cemetery of 
the plain of Barcelona in this period, the Plaça de la Gardunya, and 1 sample from the site of the Mercat de Santa Caterina. 
Molars and premolars were examined using a scanning electron microscope (SEM), and their microwear patterns were com-
pared with reference patterns associated with known dietary habits and subsistence strategies. The results suggest that dietary 
habits differed between age groups and between sexes: males were more carnivorous than females, and subadults ate harder 
foods than adults. Buccal microwear from the Barcelona plain shows similar values to carnivorous diets of anthropological 
populations. Based on all the archaeological evidence (building types and zooarchaeology, archaeobotany and stone tools) 
from this settlement and those in its vicinity, we propose that the individuals from the Barcelona plain had a mixed diet, 
with large consumption of meat, secondary products and fish. Agricultural products, stored in silos and grill structures and 
processed with more sophisticated grinding techniques, were also consumed, mainly by subadult individuals.
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Introduction

The Early Bronze Age in the northeastern Iberian Peninsula 
is a widely studied period, though it is still poorly character-
ized because of the paucity of archaeological remains. As a 
result, most studies have focused on individual sites or spe-
cific technologies, such as pottery (Gómez et al. 2015; Maya 
and Petit 1986, Daura et al. 2017; Soriano 2013), metallurgy 
(Rovira 2006; Soriano 2018) and ornaments (Soriano 2013; 
Balaguer et al. 2011; Soriano and Chamón 2012; Daura et al. 

2017). During the Early Bronze Age, the population lived in 
two different types of settlements: in caves at high altitudes 
and in open-air settlements on the plains. At high altitudes, 
dwellings were made of durable materials, such as stone, 
which suggests a high degree of sedentarisation. The occu-
pation and use of caves were common, as shown by the exist-
ence of settlements in the caves of Cova de les Pixarelles, 
Cova del Toll (Maya 1997), Cova del Frare (Martín et al. 
1981) or the Bauma del Serrat del Pont (Alcalde et al. 1998). 
Not all of them were used as dwellings, but also as seasonal 
livestock shelters (Soriano 2013). Evidence also shows an 
increase in the number of open-air settlements built in plain 
areas close to rivers, compared to the Chalcolithic period. 
These sites used perishable elements such as mud or plants 
as building materials.

In the Barcelona plain, a total of nine archaeological sites 
from the Early Bronze Age have been identified: Solar del 
Rec Comtal 17-19, Solar del Pou de la Figuera, Mercat de 
Santa Caterina, Plaça de la Gardunya, Illa d’en Robador, 
Filmoteca de Catalunya, Carrer de la Riereta 37-37 bis, 
Caserna de Sant Pau del Camp and Conservatori del Liceu. 
All of them are open-air settlements where the dwellings 
are usually circular or irregular in shape and are built with 
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perishable materials. The Caserna de Sant Pau del Camp 
site is an exception to this pattern: a quadrangular build-
ing was constructed with stone materials (Granados et al. 
1993). The presence of several hearths suggests that social 
activities took place outside the huts. The oldest radiocarbon 
samples found in the Plaça de la Gardunya site indicate that 
this area was first used as a cemetery in the Chalcolithic 
period (around 2200 cal BC). The oldest dates of occupa-
tion can be found in the site of Illa d’en Robador, where a 
charcoal fragment has been dated to 14C (ca. 2000 cal. BCE) 
(Gómez et al. 2015; Gómez and Molist 2016a, b; Velasco 
et al. 2017).

The diet of the Early Bronze Age populations of the Bar-
celona plain has been reconstructed using archaeobotanical 
and zooarchaeological analyses, as well as identifying mac-
rolithic artefacts. Research has shown that the subsistence 
economy was based on a mixed diet, in which agriculture 
played a very important role. The rearing of livestock to 
produce primary and secondary products was combined with 
hunting and fishing. The collection of wild plants was less 
important. Carpological studies conducted at the Caserna 
de Sant Pau del Camp have shown that various plant spe-
cies were processed, including barley (Hordeum vulgare 
and Hordeum vulgare nudum), soft wheat (Triticum aesti-
vum), durum wheat (Triticum durum), club wheat (Triticum 
compactum), emmer wheat (Triticum dicoccum) and some 
legumes (Vicia faba) (Gómez and Molist 2016a, b). The 
presence of macrolithic artefacts such as grindstones, axes 
and hoes in the settlements of Illa d’en Robador, the Fil-
moteca de Catalunya, the Plaça de la Gardunya, the Carrer 
de la Riereta 37-37 bis and the Caserna de Sant Pau del 
Camp sites is evidence of agricultural and food processing 
activities. Carrer de la Riereta 37-37 bis is the most char-
acteristic site, where 16 grindstones have been found. The 
materials used to make these tools were clastic rocks with 
large grain sizes, useful for grinding cereals (Bordas 2016; 
Piera et al. 2005; Suau and Matas 2002; Nadal and Castillo 
2009; Velasco et al. 2017; Granados et al. 1993; Gómez and 
Molist 2016a, b; Bofill 2016). Furthermore, the volumetric 
capacity and the number of silos present in this period indi-
cate a great increase in agricultural production compared 
to previous periods. In addition to silos, grill-plan struc-
tures have also been found, the first to be documented in 
the north-east of the Iberian Peninsula. These characteristic 
structures have a rectangular plan and are made up of several 
parallel stone plinths. Some of these structures, although 
not completely preserved in the Barcelona plain, usually 
have stone slabs or a surface made of perishable materials 
over the plinths. The main hypothesis is that these grill-plan 
structures were elevated granaries with a dual function: to 
keep agricultural products like grain cool and dry and to pro-
tect them from moisture so they would not spoil. Thus, the 
grill plan structures would complement the storage function 

of silos (Gómez and Molist 2016a, b; Carlús et al. 2010). 
These engineering structures were first documented in 
Anatolia during the Neolithic period (ca. 8000–6500 BCE), 
and it makes sense to find them in the plain of Barcelona 
since it is a very humid area, and it is very close to water 
resources, such as the rivers Besòs and Llobregat and several 
streams coming from the local mountains of Collserola and 
Montjuïc, as well as the presence of the Mediterranean Sea.

The widespread practice of animal husbandry is evi-
denced by the analysis of the faunal remains. Ovicaprids 
(Capra hircus and Ovis aries) were particularly favoured, 
providing milk and wool. Meat consumption was mainly 
from suids (Sus domesticus) and bovids (Bos taurus), which 
provided multiple resources such as meat, brain, offal and 
marrow. Bovines were also used for traction power. How-
ever, there is little evidence of hunting in the Barcelona 
plain: three bone remains of wild rabbits (Oryctolagus cun-
niculus) were found at the sites of Sant Pau del Camp and 
Plaça de la Gardunya, with no specific evidence of human 
processing (Gómez et al. 2015; Alcàntara 2018). These are 
specific and scarce remains for which there is insufficient 
evidence either to suggest their consumption or to consider 
them intrusive (Alcàntara 2018). The harvesting of mollusks 
(Patella sp. and Glycymeris glycymeris) was frequent, but 
there is only evidence of their use as raw materials for mak-
ing ornaments (Gómez et al. 2015). Evidence of fishing is 
also scarce: no ichthyofaunal remains have yet been found 
(Gómez et al. 2014), and only the weight of a fishing net 
with a triangular morphology has been found in Carrer de 
la Riereta 37-37 bis (Bofill 2016).

From an anthropological perspective, funerary remains 
have been found in 6 of the 9 sites. Due to the poor state of 
dental preservation of most of the archaeological sites con-
sidered, only two of them could be included in the present 
study: Plaça de la Gardunya and Mercat de Santa Caterina. 
Both are located in the plain of Barcelona between the riv-
ers Besòs and Llobregat. The Plaça de la Gardunya (GCS 
2° 10′ 14.8354″ E, 41° 22′ 52.96026″ N; ETRS89 UTM 
zone 31N, X 430665.185328, Y 4581426.71338) covers an 
area of at least 600 m2. However, the total area occupied 
remains unclear, as excavations have only been carried out in 
a specific area—a car park. Due to the presence of adjacent 
buildings, the likelihood of an open-area excavation at this 
site is very low (Velasco et al. 2017). The fieldwork uncov-
ered several types of evidence related to diet: one negative 
stratum filled with faunal remains, 7 silos, two combustion 
features with faunal remains and the burial of a cattle (Bos 
taurus) in anatomical connection. This site comprises the 
largest Early Bronze Age necropolis in the Barcelona area: 
a minimum number of 102 individuals have been identified 
in 12 funerary structures (2 burial chambers with access 
shafts, 2 burial chambers with access shafts and 5 burial 
pits). In addition to this, funerary structures from the Middle 
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Neolithic and Chalcolithic periods have also been identified. 
The 14C analysis of seven individuals revealed the period of 
use of the necropolis: between ~ 2300 and 1600 cal. BCE 
(Gómez et al. 2015). The bodies were placed in both primary 
and secondary positions (the latter being more affected and 
showing severely degraded bones). The presence of grave 
goods is very rare: only a few complete ceramic vessels 
and some shards of Epi-Bell Beaker from the Northeastern 
Group style (Gómez et al. 2015), V-perforated bone but-
tons (three of them decorated with oculi), faunal and lithic 
remains (Velasco et al. 2017) have been recovered.

The Mercat de Santa Caterina (GCS 2° 10′ 43,09432″ 
E, 41° 23′ 9,90438″ N; ETRS89 UTM zone 31N, X 
431326,498046, Y 4581942,99261) is an archaeological site 
with several periods of occupation. The Early Bronze Age 
provides little evidence related to diet, as only three silos 
have been discovered and excavated. The first was refilled 
with ceramic vessels of the Epi-Bell Beaker style of the 
Northeastern Group; in the second silo, a young ovicaprine 
was recovered in anatomic association and without butchery 
marks, and finally, the last one contained a double inhuma-
tion of an adult woman and a child under 3 years-at-death, 
without any evidence of grave goods (Aguelo et al. 2005; 
Aguelo and Huertas 2006, 2016). 14C analysis of a faunal 
and a human bone yielded a chronology of 1880–1720 cal. 
BCE and 1881–1692 cal. BCE (Gómez et al. 2015).

The present study aims to analyse the buccal microwear 
pattern to infer the dietary habits of these populations, con-
textualised with the palaedioetary information currently 
available, from both the analysis of the material remains and 
from the archaeozoological and archaeobotanical remains. 
This study also aims to assess whether differential access 
to food resources is based on sex or age group. As far as 
possible social differences are concerned, the Early Bronze 
Age burial register of the Barcelona plain shows no signifi-
cant differences in wealth: the majority of the individuals 
were buried in burial chambers with access shafts in a sec-
ondary position and had no or few associated grave goods 
(Velasco et al. 2017, Gómez and Molist 2016a, b, Carlús 
and González 2008, Granados et al. 1993, Chambon 2016, 
Aguelo et al. 2005, Aguelo and Huertas 2006, Aguelo and 
Huertas 2016, Malgosa 2016). Wealth criteria were dis-
carded from our study because the nature of this type of reg-
ister does not allow us to observe correspondences between 
individuals and grave goods.

Materials and methods

Samples included in the study

The initial microwear sample consisted of 442 teeth from 27 
different individuals from the Plaça de la Gardunya site, 15 

teeth from 2 individuals from the Mercat de Santa Caterina 
site, 10 teeth from only 1 individual from the Carrer de la 
Riereta 37-37 bis site and finally 3 teeth from 1 individual 
from the Solar del Rec Comtal 17-19 (Tables 1 and 2). The 
sex and age-at-death estimations of the individuals from 
the Plaça de la Gardunya site were derived from a previous 
preliminary anthropological study conducted by two of the 
authors (LM and FE) (Martínez and Estebaranz-Sánchez 
2018, unpublished). Sex was determined through standard-
ised osteological traits. Observed skull traits included the 
morphology and development of the supraorbital ridge, the 
nuchal crest and the mastoid process (Buikstra and Ube-
laker 1994). The pubic portion of the os coxae was stud-
ied through qualitative analysis, wherein the sciatic notch 
and the presence or absence of a sharp edge in the medial 
aspect of the ischiopubic ramus were observed (Brothwell 
1981; Hershkovitz et al. 1993). Age-at-death was determined 
based on dental eruption and occlusal wear pattern (Broth-
well 1981), as well as by epiphyseal fusion in subadult and 
young adult individuals (Brothwell 1981; Cardoso 2008a,b; 
Shapland and Lewis 2013). For the site of the Mercat de 
Santa Caterina, the data was obtained from the original exca-
vation reports (Aguelo and Huertas 2006).

Only one tooth per individual was selected for microwear 
pattern analysis, preferably in situ left mandibular M2 or M1 
(Pérez-Pérez et al. 1994; Lalueza et al. 1996; Estebaranz 
et al. 2009). Previous studies have excluded that there are 
significant differences in the buccal MW pattern accord-
ing to both maxilla and tooth laterality (Pérez-Pérez et al. 
1994, Lalueza et al. 1996, Estebaranz et al. 2009). Thus, 
if neither of these two teeth showed a good microwear pat-
tern, the selection criterion was first the lower left P4, and 
if this was also absent, then the left mandibular P3 or the 
left mandibular M3 in its defect. If no lower left tooth had 
pristine enamel, the selection algorithm continued with the 
upper left, lower right and finally the upper right dentition. 
This procedure resulted in an initial sample of 20 perma-
nent teeth/individuals from Plaça de la Gardunya and only 
1 permanent tooth/individual from Mercat de Santa Caterina 
(Tables 1 and 2). The individual from Carrer de la Riereta 

Table 1   Initial and final tooth samples used to obtain the microwear 
pattern from each individual

Archaeological site Dental sample Individual 
sample

Initial Final Initial Final

Plaça de la Gardunya 442 140 27 20
Mercat de Santa Caterina 15 1 2 1
Carrer de la Riereta 37-37 bis 10 0 1 0
Solar del Rec Comtal 17-19 3 0 1 0
Total 470 141 31 21
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37-37 bis was initially excluded because no pristine micro-
wear pattern was preserved in any of the teeth.

To reconstruct the palaeodiet of the population of the Bar-
celona plain, a large comparative sample of 153 individuals 
from different populations of hunter-gatherer, pastoralist 
and agriculturalist groups with different known diets was 
included (Inuit (n = 20), Fuegians (n = 20), Khoe-Saans (n 
= 15), Australian Aborigines (n = 18), Andamanese (n = 
18), Vancouver Islanders (n = 17), Veddahs (n = 9), Tasma-
nians (n = 18), Sámi (n = 5) and Hindu (n = 18)) (Lalueza 
et al. 1996, Jarošová et al. 2006) (Table 3).

In addition, for comparison and contextualisation 
within the archaeological context, a second compara-
tive sample from those archaeological populations of the 
Iberian Peninsula (of variable chronology ranging from 
the Lower Magdalenian to the Middle Ages, but prefer-
ably corresponding to Bronze Age sites) for which buccal 
microwear data had been published was included (Fig. 1). 
This archaeological comparison sample included two pre-
Neolithic sites: the Lower Magdalenian site of El Mirón 
Cave (n = 1; only represented by a single lower second 
premolar; García-González et al. 2015) and the Mesolithic 

Table 2   Brief description of sex 
estimation and age-at-death of 
every individual included in the 
present study (from Martínez 
and Estebaranz-Sánchez 2018 
unpublished). Type of teeth 
selected is also included

Site Individual Age-at-death (years) Sex estimation Selected tooth

Plaça de la Gardunya UE 4232 20–30 Female Lower left third molar
Plaça de la Gardunya UE 4319 > 20 Male Lower right third molar
Plaça de la Gardunya UE 4328 > 20 Male Lower left second molar
Plaça de la Gardunya UE 50618 20–35 Male Upper right first premolar
Plaça de la Gardunya UE 50619 20–35 Male Lower left first molar
Plaça de la Gardunya UE 50620 20–35 Male Lower left first molar
Plaça de la Gardunya UE 4430-1 55–60 Male Lower right first premolar
Plaça de la Gardunya UE 4430-2 > 20 Indeterminate Lower right second molar
Plaça de la Gardunya UE 4430-3 > 20 Indeterminate Lower left first premolar
Plaça de la Gardunya UE 4430-4 > 20 Indeterminate Lower left first molar
Plaça de la Gardunya UE 4430-5 > 20 Indeterminate Lower right second molar
Plaça de la Gardunya UE 4430-6 25–35 Indeterminate Upper right second molar
Plaça de la Gardunya UE 4430-7 > 20 Indeterminate Lower left second molar
Plaça de la Gardunya UE 4430-8 20–35 Male Lower right first premolar
Plaça de la Gardunya UE 4450 ~ 10/11 years old Indeterminate Lower left second molar
Plaça de la Gardunya UE 4313 12–18 Male Upper right first premolar
Plaça de la Gardunya UE 50574-1 12–18 Indeterminate Lower right second molar
Plaça de la Gardunya UE 50574-2 12–18 Indeterminate Lower right second molar
Plaça de la Gardunya UE 50574-3 12–18 Indeterminate Upper right second molar
Plaça de la Gardunya UE 50616 12–18 Female Upper right second molar
Mercat de Santa Caterina UE 5516 > 20 Female Upper right second molar

Table 3   Modern populations with a known diet used to classify the diet of our sample

Population n Diet and economic subsistence

Fuegians (Tierra del Fuego, Argentina and Chile) 20 Primarily dependent on hunting and fishing (fishermen)
Inuit (Greenland) 20 Traditionally exclusively hunting groups, with almost 

no vegetable intake (hunters)
Vancouver Islanders (Canada) 17 Primarily dependent on fishing (especially salmon) and 

sea mammal hunting (fishermen)
Sámi (Norway, Finland and Russia) 5 Nomadic pastoralist
Andamanese (Andaman Islands, India) 18 Hunters-gatherers
Veddahs (Sri Lanka) 9 Hunters-gatherers
Khoe-Saans (Kalahari desert, South Africa) 15 Hunters-gatherers
Tasmanians (Tasmania) 11 Hunters-gatherers
Australian Aborigines (central, west and north Australia) 18 Hunters-gatherers
Hindu (Odisha and Bihar, India) 20 Agriculturalists
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site of El Collado (n = 6; Alrousan et al. 2013). Several 
Neolithic sites were also included, for which its pattern 
of buccal microwear was referenced: Can Gambús (n = 
8; Alrousan 2009), Caserna de Sant Pau del Camp (n = 
11; Estebaranz et al. 2008), Tossal de les Basses (n = 8; 
Salazar-García et al. 2016) and Cova de la Guineu (n = 15, 
although the whole sample consists exclusively of child 
individuals; Hernando et al. 2020). The Chalcolithic com-
parison sample includes a total of 4 sites: El Molinico (n 
= 16; Romero and De Juan 2007), El Mirador Cave (n = 
2, both infantile; Hernando et al. 2020), El Portalón de la 
Cueva Mayor (n = 2; García-González et al. 2019) and El 
Alto de la Huesera (n = 6; García-González et al. 2019). 
Regarding the Bronze Age, up to 5 sites providing data on 
buccal microwear have been identified: Cabezo Redondo 
(n = 16; Romero and De Juan 2007), Cova dels Blaus (n 
= 6; Polo-Cerdà et al. 2007), Mar i Muntanya (n = 3; Gal-
bany et al. 2008), Cova de Valdavara (n = 2, both children; 
Hernando et al. 2020) and Cova dels Galls Carboners (n = 
9, all children; Hernando et al. 2020). Both the Iron Age 
site of Son Real (n = 26; Jarošová et al. 2006) and the Late 
Roman site of Tossal de les Basses (n = 26; Salazar-García 
et al. 2016) have been included. Finally, four Middle Age 
sites were also considered: La Olmeda (n = 65; Pérez-
Pérez et al. 1994), La Losilla (n = 12; Romero and De 
Juan 2007), Tossal de les Basses (n = 6; Salazar-García 

et al. 2016) and L’Esquerda (n = 13; Lalueza and Pérez-
Pérez 1989).

Buccal microwear analysis

Buccal microwear is a dietary proxy (Pérez-Pérez 2004; 
Davis and Pineda-Munoz 2016) extensively used both in 
paleoanthropology (Lalueza et al. 1996; Estebaranz et al. 
2009, 2012; Martínez et al. 2004, 2015, 2016; Pérez-Pérez 
et al. 1999, 2003; Pinilla Pérez et al. 2011) and archaeology 
(Alrousan 2016; Alrousan et al. 2019; Estebaranz et al. 2008; 
García-González et al. 2015, 2019; Gluitz 2020; Hernando 
et al. 2020; Jarošová 2007, 2008; Jarošová et al. 2006, 2016; 
Jarošová and Tvrdý 2017; Kolář et al. 2012; Pérez-Pérez et al. 
1994; Polo-Cerdà et al. 2007; Romero and de Juan 2007; 
Romero et al. 2004; Salazar-García et al. 2016; Domonkošová 
Tibenská et al. 2010) to infer palaeodietary habits. The buc-
cal dental microwear pattern is formed by the interaction 
between the abrasive particles harder than enamel contained 
in the food bolus and the enamel surface during the chewing 
process, leaving marks exclusively in the form of striations 
(Puech, Prone and Kraatz 1980). The origin of these abrasive 
particles can be diverse, as they can be intrinsic elements to 
the food consumed, such as phytoliths, or extrinsic, such as 
dust, quartz or silica from the soil (Lucas et al. 2013). In any 
case, the compressive forces between the cheek and the lateral 

Fig. 1   Location of the 21 Iberian archaeological sites for which buccal microwear patterns were published
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side of the teeth and the movements of particles in the mouth 
may be sufficient to form microwear striations on the buccal 
surface of the tooth (Romero and De Juan 2007; Romero et al. 
2009). Thus, buccal dental microwear depicts the abrasiveness 
of the food consumed by individuals, the physical properties 
of chewed foods and long-term trends in dietary preferences 
(Romero et al. 2012, 2013).

In general, the study of the microwear pattern of a given 
archaeological population is not informative per se, unless 
it can be contextualised with reference models of buccal 
microwear of known dietary populations for purposes (Lal-
ueza et al. 1996). Otherwise, we can only make relative 
statements about the abrasiveness of the diet by comparing 
it within a population (according to variables such as sex, 
age and social status) or between populations (by comparing 
the microwear patterns of different populations or sites). In 
this sense, without a comparative model of microwear pat-
terns from a known dietary model, a finer reconstruction of 
the palaeodiet is not possible, even though we may affirm 
that one population/site, sex, cohort or dietary group has a 
more abrasive microwear pattern than another. In order to 
avoid these gaps in palaeodietary research, the present study 
included a reference model of modern populations with dif-
ferent and distinct diets (Lalueza et al. 1996): 153 individu-
als from 10 modern groups from the 19th century. They 
lived in different types of environments and their subsistence 
economy strategies were based on hunting and gathering, 
fishing, agriculture or pastoral nomadism. Nevertheless, 
even when reference models of known diets are available, 
microwear results should be contextualised with those of 
other dietary proxies such as stable isotope analysis, faunal 
and botanical remains, organic residue analysis in ceramic 
vessels, starch analysis from macrolithic tools or dental cal-
culus analysis. (Pérez-Pérez et al. 2018; Davis and Pineda-
Munoz 2016).

Dental casting and SEM imaging

Only teeth with a good preservation of the enamel on the 
vestibular surface were selected (Estebaranz et al. 2009, 
2012). A visual examination was initially done at the Museu 
d’Història de Barcelona (MUHBA) discard all the teeth that 
had an evident badly preserved enamel. We made replicas 
of the selected teeth to further examine them in the labo-
ratory. Human dental crowns were first cleaned with pure 
acetone using a cotton swab to remove adhering grit, dust 
or preservatives and then with ethanol, and later left to air 
dry (Martínez et al. 2020). High-resolution negative moulds 
were first obtained from the original teeth hosted in the 
Museu d’Història de Barcelona (MUHBA, Barcelona) using 
President MicroSystem Regular Body (Coltène’s Affinis) 
polyvinylsiloxane, an extremely accurate impression mate-
rial (Beynon 1987; Teaford and Oyen 1989) widely used in 

odontology and a current standard for microwear studies 
(Alrousan et al. 2019; Estebaranz et al. 2008, 2009, 2012; 
Hernando et al. 2020; Jarošová 2007, 2008; Jarošová et al. 
2006, 2016; Jarošová and Tvrdý 2017; Martínez et al. 2015, 
2016, 2020; Pérez-Pérez et al. 2017). A rigid two-compo-
nent polyurethane resin (FEROPUR PR55+E5; Feroca®, 
Spain) was poured into the moulds and allowed to harden 
in order to obtain high-resolution positive casts (Estebaranz 
et al. 2012; Martínez et al. 2020). The moulds containing 
the polyurethane resin were then centrifuged at 1000 rpm 
for 1 min to prevent the formation of air bubbles on the buc-
cal enamel surfaces (Martínez et al. 2020). Once the mate-
rial was dry, the replica was removed from the mould and 
examined under an Olympus SZ61 binocular lens at × 40 
magnification. With this process, we were able to discard all 
the dental pieces that showed postmortem alterations (Pérez-
Pérez et al. 2003; Martínez and Pérez-Pérez 2004). Postmor-
tem damage is a reality that affects the correct preservation 
of the enamel and poses problems for microwear dietary 
interpretations (Espurz et al. 2004; Estebaranz et al. 2007; 
King et al. 1999; Martínez and Pérez-Pérez 2004; Rivals 
and Semprebon 2010; Teaford 1988; Weber et al. 2021a, 
2021b). The most immediate consequence of the presence 
of postmortem signals is the resulting drastic reduction in 
the size of tooth sample that can be analysed for microwear 
(Grine et al. 2006a, 2006b; Estebaranz et al. 2009, 2012; 
Martínez et al. 2016, 2020; Ungar et al. 2008, 2020). The 
second selection of teeth was mounted on aluminium stubs 
with term fusible gum and sputter coated for SEM observa-
tion with a 5 nm of gold-palladium using an Emitech K550X 
with a K250 Coater Carbon Attachment at the Servei de 
Microscopia of the Autonomous University of Barcelona 
(Gluitz 2020). Following the K550X Sputter Coater manual, 
we set the duration of each sputtering cycle to 1 min through 
argon gas at a working distance of 50 mm, a pressure of 0.05 
mbar and an intensity of 25 mA.

SEM observation followed the standard methodology 
for buccal microwear analysis (Pérez-Pérez et al. 1994; 
Estebaranz et al. 2009; Martínez et al. 2020). SEM micro-
graphs were obtained using a Zeiss EVO ® MA 10 scanning 
electron microscope in high vacuum mode at the Servei de 
Microscopia of the Autonomous University of Barcelona. 
SEM parameters were fixed at 15-kV acceleration voltage 
and 20 to 30 mm working distance. Each micrograph was 
taken at × 100 magnification preferably on the middle third 
of the buccal surface, avoiding both the occlusal and cervi-
cal rims. SEM images were cropped to a fixed area of 0.56 
mm2 using Adobe Photoshop v.6 (Pérez-Pérez et al. 1994; 
Jarošová et al. 2016) and contrast-enhanced, following pre-
vious recommendations to facilitate manual count of the 
microstriations (Pérez-Pérez et al. 1994; Estebaranz et al. 
2009) (Fig. 2). SigmaScan Pro 5.0 (SPSS™ v.15) was used 
to semi-automatically count striations longer than 15 µm 
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and with a length-to-width ratio of 4:1. This provided the 
length and slope of each striation observed (Estebaranz et al. 
2009, 2012; Martínez et al. 2020). Both inter- and intra-
observer errors are a major problem (Kouchi et al. 1999) and 
also affect microwear analysis (Galbany et al. 2005; Grine 
et al. 2002 Mihlbachler et al. 2012). In order to minimize the 
standard intra-observer measurement error and to obtain a 
higher precision of the measurements, we followed the rec-
ommendations of Pérez-Pérez et al. (1990), which consists 
in repeating a series of measurements and taking the average 
of the repetitions as the actual measurement. Therefore, all 
SEM microwear images were measured 3 times on different 
days by only one observer (AG).

Using IBM® SPSS® Statistics v.21, the slope of each 
striation was converted to an angle and was classified into 
one of four different orientations: horizontal (H), verti-
cal (V), mesio-occlusal to disto-cervical (MD) and disto-
occlusal to mesio-cervical (DM) (Pérez-Pérez et al. 1999, 
2003). For each orientation (H, V, MD and DM), the number 
(N), the average (X) and the standard deviation (SD) of the 
length were calculated, as well as the sum of all striation 
types (T). From this, the complete buccal microwear pattern 
was derived, consisting of 15 quantitative variables (NH, 
XH, SDH, NV, XV, SDV, NMD, XMD, SDMD, NDM, 
XDM, SDDM, NT, XT, SDT) (Pérez-Pérez et al. 1994, 
1999, 2003). In addition to this, three other indices were 
calculated: the number of horizontal striations divided by 
the number of vertical striations (NH/NV), the number of 
horizontal striations divided by the striation density (NH/
NT) and the number of vertical striations divided by the 
striation density (NV/NT) (Pérez-Pérez et al. 1994; Lalueza 
et al. 1996).

Statistical analysis

All the SEM microwear patterns corresponding to the 
Plaça de la Gardunya and Mercat de Santa Caterina sites 
were counted by one single author (AG). All statistical 
analyses and comparisons were performed using IBM® 
SPSS® Statistics v.21 at α = 0.05 significance level and 
Gnuplot v.5.4. When analysing the normality of the Plaça 
de la Gardunya microwear data, only 7 of the original 
variables passed the Kolmogórov-Smirnov test (SDH, XV, 
SV, SDMD, SDDM, NT and SDT). Similar results were 
obtained using the Shapiro-Wilk test, as only 5 variables 
(XV, SV, SDMD, NT and SDT) passed the normality test. 
In addition, six variables (NH, XH, NV, NDM, XDM 
and XT) did not pass Levene’s test of homoscedasticity 
(p-value < 0.05) when comparing the homogeneity of 
variance of the microwear data from Plaça de la Gardunya 
with those from other nearby Neolithic sites (Can Gam-
bús and Caserna de Sant Pau del Camp). Consequently, 
non-parametric statistics were applied: group comparisons 
were made using the Kruskal-Wallis H test (Estebaranz 
et al. 2012). Post-hoc intergroup pairwise comparisons 
between archaeological sites (Plaça de la Gardunya, Mer-
cat de Santa Caterina, Caserna de Sant Pau del Camp and 
Can Gambús) were performed using a Mann-Whitney U 
test (Teaford and Glander 1991; Estebaranz et al. 2012; 
DeSantis and Haupt 2014; Louys et al. 2021). Finally, the 
differences between buccal dental microwear from Plaça 
de la Gardunya and the hunter-gatherer models of known 
diet were also evaluated using the Mann-Whitney U test.

A stepwise predictive discriminant function analysis 
(LDA) was also performed to classify the microwear pattern 

Fig. 2   Cropped images of the 
dental microwear pattern from 
different individuals: a LLM2 
from individual 4328 (Plaça 
de la Gardunya), b LRM3 
from individual 4319 (Plaça de 
la Gardunya), c LRM2 from 
individual 50574-1 (Plaça de 
la Gardunya), d URM2 from 
the individual 5516 (Mercat de 
Santa Caterina), e URM2 from 
the individual 50616 (Plaça de 
la Gardunya) and f LLM1 from 
the individual 50620 (Plaça de 
la Gardunya)
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of the Plaça de la Gardunya archaeological site from the 
hunter-gatherer comparison samples and to better profile 
and identify the variables that best explain the differences 
between the populations in the comparison sample of known 
diets (Lalueza et al. 1996; Pérez-Pérez et al. 1999; Mainland 
2003; Grine et al. 2006a; Mahoney 2006; Romero and De 
Juan 2007). Prior probabilities of group membership were 
computed as a function of group size, and separate within-
group covariance matrices were used for classification due to 
significant differences between covariance matrices. Wilk’s 
Lambda statistic was used to characterize the reliability of 
the analyses.

Results

The presence of taphonomic alterations has had a sig-
nificant impact on the size of the original tooth sample 
(Table 1). Of the total initial sample considered in this 
study, only 30% of the teeth (141 out of 470 teeth) corre-
sponding to 21 individuals (20 from the Plaça de la Gardu-
nya and 1 from the Mercat de Santa Caterina) were finally 
included in the study. By site, in the Plaça de la Gardunya 
site, 187 out of 442 teeth were initially discarded using the 
binocular magnifying glass. Subsequently, during the SEM 
observation, of the 255 teeth that were analysed, a further 

115 teeth were finally discarded because they did not 
show completely well-preserved buccal enamel surfaces 
at a magnification of × 100 (Martínez and Pérez-Pérez 
2004). In this sense, SEM observation allowed discarding 
teeth that did not have a pristine buccal enamel surface but 
showed slight (n = 57) or moderate taphonomic affectation 
(n = 58) and were initially considered potentially good 
by binocular loupe. A similar situation was observed for 
the other three sites: at the Mercat de Santa Caterina, ini-
tially 3 out of the original 15 teeth were initially discarded. 
Through the use of a binocular lens, we observed that out 
of the remaining 12 teeth, only one had a good microwear 
pattern. As a result, the remaining 11 teeth were finally dis-
carded, including all the teeth belonging to the child indi-
vidual. In Carrer de la Riereta 37-37 bis, only 6 of the 10 
original teeth were examined under the SEM microscope, 
which showed that none of them preserved a pristine buc-
cal enamel surface. Upon visual examination, the 3 teeth 
from a single individual from Solar del Rec Comtal 17-19 
were ultimately discarded due to significant taphonomic 
alterations (Table 1). The average striation density (NT) 
of the Plaça de la Gardunya site is 72.53 ± 44.30 and for 
the Mercat de Santa Caterina 11.33, the average length 
(XT) is 147 ± 30.93 and 174.31, respectively (Table 4). 
Individualized data for all individuals included in the study 
are detailed in Table 4.

Table 4   Mean values of the 15 variables that make up the buccal microstriation pattern (X) and their standard deviation (SD) from the archaeo-
logical populations studied and from the modern populations with known diets

Sites sampled Modern populations

Plaça de la Gardunya Mercat de Santa 
Caterina

Agriculturalists Gatherers Hunters Fishermen

n 20 1 7 20 15 55

Variable X SD X SD X SD X SD X SD X SD

NH 5.39 5.19 11.33 - 48.85 18.93 48.15 25.49 30.60 17.29 46.58 18.25
XH 138.56 66.77 227.41 - 180.44 29.67 151.04 33.40 58.02 51.01 147.22 30.68
SDH 75.42 70.46 211.53 - 120.36 34.25 93.15 27.46 37.14 40.12 93.49 28.63
NV 36.46 22.04 21.67 - 62.14 27.01 83.20 34.48 70.26 35.71 101.89 44.17
XV 158.96 32.21 166.77 - 151.94 23.69 144.30 25.68 62.18 57.64 150.99 24.38
SDV 112.59 31.70 103.34 - 106.12 32.58 105.10 27.72 43.91 44.89 110.64 24.41
NMD 21,10 24.12 27.00 - 46.14 26.00 64.00 30.59 54.66 43.67 63.45 34.73
XMD 123.25 67.90 162.72 - 118.98 25.96 128.44 23.34 64.50 51.88 126.15 23.68
SDMD 77.37 40.20 138.17 - 79.92 21.34 83.05 20.56 44.31 40.54 92.95 30.46
NDM 9.57 12.51 2.33 - 24.00 13.10 47.80 27.85 35.86 24.95 45.60 26.80
XDM 106.48 54.98 101.17 - 149.90 36.09 127.75 23.80 67.05 55.45 128.80 30.54
SDDM 69.25 61.46 68.89 - 123.60 43.08 86.87 27.65 53.83 54.40 91.18 32.49
NT 72.54 44.30 62.33 - 181.14 47.90 243.15 60.79 190.46 64.35 268.56 80.32
XT 147.46 30.93 174.31 - 151.12 20.45 137.91 19.02 71.81 56.74 140.09 19.81
SDT 110.99 27.61 143.51 - 110.13 22.12 97.89 17.25 52.43 44.10 103.38 17.11
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Intrapopulation variability

The scatter plot of NT vs. XT for both sexes suggests that 
male individuals present a certain homogeneity in their MW 
pattern (XT values ranging from ~ 150 to 190 and XT values 
from ~ 25 to ~ 75, excluding UE4328), in comparison to 
females, which show a greater range of distribution (with 
XT values ranging between ~ 50 and ~ 200 and NT values 
between ~ 120 and ~ 180) (Figure S1, Supplementary Infor-
mation). If we look at the index of the relative frequency of 
NH/NV, females have a mean value of 0.37 while males, 
0.15 (Table 5). However, no statistically significant differ-
ences were observed for any of the 15 variables (Table 6) for 
the sex factor (non-parametric Mann-Whitney test; 3 females 
vs. 8 males) (Table S2, Supplementary Information). The 
only variable that falls close to the significance value is XV 
(Mann-Whitney U = 21.00; p-value: 0.066). On the other 
hand, when analysing MW differences based on age, sub-
adult individuals present statistically higher NT (Mann-
Whitney U = 75.00; p-value = 0.018) (Figure S2; Table S3 
Supplementary Information), as well as a higher NH/NV 
ratio than adults (0.21 vs. 0.15, respectively) (Table 5).

Comparison with populations of known diet

With regard to modern populations with known diets, the 
microwear pattern of the Plaça de la Gardunya also shows 
a lower NT value than that of agriculturalists (NT = 181.14 
± 47.90), gatherers (NT = 243.15 ± 60.79), hunters (NT = 
190.46 ± 64.35) and above all fishermen (NT = 268.56 ± 
80.32). Nevertheless, the average length of striations (XT) of 
the Plaça de la Gardunya population (XT = 147.46 ± 30.93) 
is similar to that of the agriculturalists (XT = 151.12 ± 20.45), 
gatherers (XT = 137.91 ± 19.02) and fishermen (XT = 140.09 
± 19.81) and almost double that of the hunters (XT = 71.81 ± 
56.74) (Table 4). The boxplots of both variables, total striation 
density (NT) and average striation length (XT), for the two 
Bronze Age sites (Plaça de la Gardunya and Mercat de Santa 
Caterina), as well as for the comparative human populations 

with known diets, are shown in Fig. 3. As already mentioned, 
the low density of striations of the Bronze Age sites is high-
lighted, although the range of dispersion of striation lengths 
overlaps with that of populations with an agricultural diet, 
gatherers and fishermen and is clearly superior to hunters with 
a high incorporation of meat in their diet.

When comparing the microwear pattern of the Plaça de 
la Gardunya and Mercat de Santa Caterina site with the ref-
erence sample (Table 4), statistically significant differences 
were found for all the variables considered (Table 7). The 
pairwise comparison between the Plaça de la Gardunya/Mer-
cat de Santa Caterina and the hunter-gatherer samples, using 
Mann-Whitney U tests, showed statistically significant differ-
ences in NH with agriculturalists (U = 0.00, p = 0.000), gath-
erers (U = 4.000; p = 0.000), hunters (U = 13.500, p = 0.000) 
and fishermen (U = 6.000; p = 0.000); XH with hunters (U = 
44.000, p = 0.000); SDH with agriculturalists (U = 35.000, p 
= 0.41), hunters (U = 128.000; p = 0.013); NV with agricul-
turalists (U = 33.000, p = 0.32), gatherers (U = 54.000, p = 
0.000), hunters (U = 53.000, p = 0.001) and fishermen (U = 
72.000; p = 0.000); XV with hunters (U = 35.000, p = 0.000); 
SDV with hunters (U = 48.000, p = 0.000); NMD with gath-
erers (U = 60.000; p = 0.000), hunters (U = 68.000, p = 0.04) 
and fishermen (U = 149.000; p = 0.000); XMD with hunters 
(U = 80.000; p = 0.013); NDM with agriculturalists (U = 
19.000; p = 0.004), gatherers (U = 29.000, p = 0.000), hunt-
ers (U = 45.000; p = 0.000) and fishermen (U = 78.5000; p = 
0.000); XDM with agriculturalists (U = 31.000, p = 0.024), 
gatherers (U = 112.000; p = 0.011), hunters (U = 96.000; p 
= 0.048) and fishermen (U = 325.000; p = 0.003); SDDM 
with agriculturalists (U = 24.000; p = 0.009), gatherers (U = 
128.000, p = 0.032) and fishermen (U = 329.000; p = 0.004); 
NT with agriculturalists (U = 7.000; p = 0.000), gatherers (U 
= 4.000; p = 0.000), hunters (U = 18.000; p = 0.000) and 
fishermen (U = 9.000; p = 0.000); XT with hunters (U = 
49.000; p = 0.000) and SDT with hunters (U = 51.000; p = 
0.001) (Table S1, Supplementary Information).

Previous studies have highlighted the importance of plot-
ting the relationship between the percentage of horizontal 
microstriations relative to the total number of striations (NH/
NT) and the percentage of vertical striations (NV/NT) on a 
bivariate axis (Lalueza et al. 1996; Pérez-Pérez et al. 1994, 
1999; García-González et al. 2015) (Fig. 4a, b). The indi-
viduals of Plaça de la Gardunya show a great percentage of 
vertical striations in comparison to the comparison sample 
grouped according to major dietary categories (hunters, agri-
culturists, fishermen and gatherers) with a wide dispersion 
ranging from ~ 0.15 to 0.8 (Fig. 4a). These values are high 
compared to those observed for both hunters and agricul-
tural populations, while they overlap slightly with those for 
gatherers and fishermen (although they are clearly separated 
for the horizontal axis) (Fig. 4a). When comparing the mean 
NV/NT value of Plaça de la Gardunya with the means of 

Table 5   Three indices of the relative frequency of striation by its 
orientation from Plaça de la Gardunya and Mercat de Santa Cate-
rina, grouped into age and sex categories. NH/NT index: the number 
of horizontal striations divided by the density of striations. NV/NT 
index: the number of vertical striations divided by the density of stri-
ations. NH/NV index: the number of horizontal striations divided by 
the number of vertical striations

n NH/NT NV/NT NH/NV

Age group Subadults 6 0.09 0.44 0.21
Adults 15 0.08 0.52 0.15

Sex Females 3 0.13 0.36 0.37
Males 8 0.09 0.56 0.15

All 21 0.08 0.49 0.17
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the different original populations (i.e. when the original 
populations considered are not grouped into general diet 
categories), the Plaça de la Gardunya site falls close to the 
Fuegians of Tierra del Fuego (Argentina and Chile) and the 
Vancouver Islanders (Fig. 4b). The Sámi and Inuit popula-
tions also fall close to the Plaça de la Gardunya, although a 
little more separated for the vertical axis, i.e the Plaça de la 
Gardunya population (as well as the Fuegians and the Van-
couver Islanders) has slightly higher values of vertical stria-
tions (mean NV/NT index). In terms of the NH/NT index, 
the Plaça de la Gardunya microwear pattern has a lower per-
centage of horizontal striations (ranging from 0.01 to 0.1), 
which clearly distinguishes the Placa de la Gardunya from 
the comparative sample of dietary categories (Fig. 4a). Thus, 
for example, the percentage of horizontal striae ranges from 
0.1 to 0.4 for fishermen, 0.08 to 0.4 for gatherers, 0.05 to 
0.2 for hunters and 0.15 to 0.35 for agriculturalists (Fig. 4a). 
When comparing the Plaça de la Gardunya with the origi-
nal comparison sample by original populations, Plaça de la 
Gardunya again clusters with the same populations as for 
the percentage of vertical striations, with an NH/NT index 
virtually identical to that of the Vancouver Islanders and 
slightly lower than that of the Fuegians, Inuit and Sami 
(Fig. 4b). Conversely, the populations of Tasmanians, Aus-
tralian Aborigines, Andamanese, Veddahs and Khoe-Saans 
have much higher values (between ~ 0.2 and ~ 0.3), while 
the Hindus have much more extreme values for NH/NT (~ 
0.5). Therefore, the Plaça de la Gardunya microwear pattern 
differs from that of the known dietary comparison sample 
for NH, while it is grouped with that of more maritime diets 

(Fuegins, Vancouver Islanders, Sámi and Inuit) for vertical 
striae percentage. In fact, by directly comparing the ratio of 
the total vertical striae to the total horizontal striae (NH/NV) 
in a boxplot (Fig. 5), the Bronze Age individuals (PG and 
MSC) are clearly separated from the comparison sample, 
with much lower values, indicating a very low ratio of hori-
zontal striae to the total number of vertical microstriations.

In the predictive LDA, the microwear pattern of the indi-
viduals from Plaça de la Gardunya and Mercat de Santa 
Caterina sites was classified according to the comparison 
sample (hunters, gatherers, agriculturalists and fishermen). 
Only 3 discriminant factors (DF) were obtained, explain-
ing 100% of the original total variability. The first two DFs, 
which accounted for 99% of the total variability, showed 
significant Wilks’ lambda (0.832, p < 0.002). The DF1 
(explaining 87.4% of the original variability; canonical 
correlation: 0.764) was significantly correlated with XV 
(0.857), XH (0.830) and NT (0.278), whereas DF2 (12.5% of 
the variability; canonical correlation: 0.408) was correlated 
with XV (0.022), XH (−0.541) and NT (0.718). In addition 
to this, differences in matrix covariances between groups 
were observed (Box’s test F: 3.295; p = 0.000). Figure 6 
shows the microwear pattern of the hunter group completely 
separated from the other groups by DF1 (negative loadings), 
indicating low horizontal and vertical striation length, as 
shown in Table 6. The other 3 known dietary groups (agri-
culturalists, gatherers and fishermen) overlap strongly for 
both DF1 and DF2. However, there is a tendency for fish-
ermen’s dietary group to have the highest values for both 
DF1 and DF2. In this sense, fishermen are separated from 

Fig. 3   Boxplot showing the 
density of striations (NT) and 
the average length of stria-
tions (XT) of each known diet 
(agriculturalists, gatherers, 
hunters and fishermen) and the 
archaeological sites of Plaça de 
la Gardunya, Mercat de Santa 
Caterina, Can Gambús and 
Caserna de Sant Pau del Camp
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gatherers by having higher DF1 values (displaced more to 
the right of the image). On the other hand, individuals with 
an agriculturalist diet, although they partially overlap with 
the other groups for DF1, tend to have lower values for DF2, 
being partially separated from the other groups. In any case, 
both agriculturalists and hunters are separated by DF2, as 
the latter has higher values for this discriminating function.

The post-hoc probability of correct classification of the 
original cases was 69.1%. Looking at each dietary group 
separately, the group with the best percentage of correct 
classification were the fishermen, with 92.7% (51/55) of 
the individuals correctly classified individuals (2 individu-
als −3.6% were classified as hunters and 2 as agricultural 
−3.6%). The hunter group also showed a clearly differen-
tiated and unique microwear pattern, with 73.3% (11 of 

15) of individuals correctly classified, while the remaining 
26.7% (4 of 15) were classified as fishermen (and none as 
gatherers or farmers). Figure 6 shows that the hunters had 
a different microwear pattern and were clearly separated 
from the other dietary groups by DF1. For the farmers, 
28.6% (2/7) were correctly classified, while 14.3% (1/4) 
were classified as gatherers and 57.1% (4/7) as fishermen. 
Finally, only 15% of the gatherer individuals were cor-
rectly classified (3 out of 20), while the vast majority was 
incorrectly classified as fishermen (80%, 16 out of 20). 
When individuals of archaeological origin were classi-
fied according to the microwear patterns of known dietary 
groups, most were classified as fishermen (66.7%, 14/21). 
However, it is important to note that although 14 of the 21 
individuals were initially classified as fishermen, the sec-
ond classification for 10 of the individuals was gatherer.

Comparison with other archaeological sites

The second part of the study contextualised the buccal 
microwear patterns of Plaça de la Gardunya and Mercat 
de Santa Caterina with those published for other Iberian 
archaeological sites. In this sense, the microwear density of 
Plaça de la Gardunya is relatively low (NT = 80.73 ± 41.85) 
compared to other more ancient archaeological sites in the 
same region of the Barcelona plain, such as the Neolithic 
sites of Can Gambús (NT = 156.62 ± 60.43) and Caserna 
de Sant Pau del Camp (NT = 137.88 ± 43.76). It is similar 
to that of the contemporary site of Mercat de Santa Caterina 
(NT = 62.33) (Fig. 3, Table 8).

The microwear pattern was then compared with 17 other 
Iberian archaeological sites (Fig. 7). For most of these 
sites, only MW averages have been published. The scatter 
plot of XT vs. NT shows that both Plaça de la Gardunya 

Table 7   Kruskal-Wallis H test 
including the 15 variables for 
the Plaça de la Gardunya’s 
microwear pattern and the 
hunter-gatherer populations 
with a known diet (in bold, 
those differences that are 
statistically significant)

Variable χ2 p-value

NH 55.712 0.000
XH 32.952 0.000
SDH 30.572 0.000
NV 43.881 0.000
XV 22.983 0.000
SDV 19.664 0.001
NMD 27.363 0.000
XMD 16.457 0.006
SDMD 15.087 0.010
NDM 40.311 0.000
XDM 23.251 0.000
SDDM 17.733 0.003
NT 60.217 0.000
XT 20.734 0.001
SDT 18.457 0.002

Fig. 4   a NH/NT index plotted against NV/NT index from known 
diets and archaeological sites. b NH/NT index plotted against NV/
NT index. Black-filled dots symbolize the values from reference 
microwear patterns (Lalueza et  al. 1996), and the cross symbolizes 

the value from Plaça de la Gardunya’s population. Populations with a 
higher NV/NT index and a lower NH/NT index have a diet based on 
animal protein (fish and meat), and populations with a lower NV/NT 
and a higher NH/NT have a mixed or agriculturalist diet
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and Mercat de Santa Caterina form a distinct cluster with 
the sites of La Olmeda (Palencia) and Son Real (Mal-
lorca), with values ranging from 55.22 to 87.69 for NT 
and 136.08 to 174.31 for XT. A second group of sites 
with lower XT and higher NT values consists of 11 sites 
with different chronologies: El Mirón cave (Cantabria), 
El Collado (Alicante), Tossal de les Basses’ Late Roman 
(Alicante), El Alto de la Huesera (Ávila), El Portalón de 

la Cueva Mayor (Burgos), Cabezo Redondo (Murcia), La 
Losilla (Murcia), Mar i Muntanya (Barcelona), Cova dels 
Blaus (Castellón), Caserna de Sant Pau del Camp (Barce-
lona) and Can Gambús (Barcelona). This cluster presents a 
range for NT that oscillates between 80.25 and 156.62 and 
for XT between 88.50 and 116.86. The last cluster includes 
the Neolithic and Mesolithic sites of Tossal de les Basses 
(Alicante) and El Molinico (Murcia). This group ranges 

Fig. 5   Boxplot of NH/NV index in which we can observe the values 
from reference microwear patterns (Lalueza et al. 1996) and the val-
ues from Plaça de la Gardunya and Mercat de Santa Caterina. Lower 
values belong to populations with higher animal protein (fish and 
meat), while higher values belong to populations with a diet based 

basically on vegetables and processed agricultural products. Box-
plot showing the NH/NV index from each known diet and from the 
archaeological sites sampled for this study (Plaça de la Gardunya and 
Mercat de Santa Caterina)

Fig. 6   Linear discriminant 
analysis showing that the buccal 
microwear patterns from Plaça 
de la Gardunya and Mercat de 
Santa Caterina have similar 
values to the diest of agricultur-
alists, gatherers and fishermen
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from NT = 257.167 to 339.87 and XT = 55.63 to 98.86. 
Both NT and XT show high variability between sites and 
over the same time period for children and subadults, as 
well as for adults (Figure S3, Supplementary). In any case, 
focusing only on the Bronze Age sites and adult individu-
als, both the Plaça de la Gardunya and the Mercat de Santa 
Caterina have a slightly lower NT and a higher XT than the 
other Bronze Age sites examined (i.e. Cabezo Redondo, 
Cova dels Blaus, Mar i Muntanya) (Fig. 8). In children, 

however, these differences in NT and XT are not observed 
between the children from the Plaça de la Gardunya site 
(because no child with MW was found in the Mercat de 
Santa Caterina) and the other two bronze deposits with 
infantile MW, the Valdavara and Galls Carboners caves 
(Fig. 8). Children and subadults have a lower density of 
striations than adults, but overall, the length of striations 
does not differ greatly between age groups (Figure S3, 
Supplementary Information).

Table 8   Average values from 
the 15 variables that make up 
the buccal microwear pattern 
(X) and its standard deviation 
(SD) from the archaeological 
populations studied (Plaça de 
la Gardunya and Mercat de 
Santa Caterina) and from the 
archaeological sites of Caserna 
de Sant Pau del Camp and Can 
Gambús

Plaça de la Gardunya Mercat de Santa 
Caterina

Caserna de Sant Pau 
del Camp

Can Gambús

n 20 1 26 8

Variable X SD X SD X SD X SD

NH 5.39 5.19 11.33 - 26.46 11.85 25.70 9.40
XH 138.56 66.77 227.41 - 116.38 26.02 117.57 13.21
SDH 75.42 70.46 211.53 - 97.16 33.65 97.48 30.87
NV 36.46 22.04 21.67 - 32.84 19.93 53.00 39.44
XV 158.96 32.21 166.77 - 131.46 26.92 123.84 25.67
SDV 112.59 31.70 103.34 - 103.07 28.10 107.69 31.79
NMD 21,10 24.12 27.00 - 36.93 19.41 30.25 17.75
XMD 123.25 67.90 162.72 - 110.22 28.58 98.51 20.12
SDMD 77.37 40.20 138.17 - 91.49 35.95 85.78 35.81
NDM 9.57 12.51 2.33 - 38.61 23.24 47.62 37.27
XDM 106.48 54.98 101.17 - 106.39 25.53 99.39 15.49
SDDM 69.25 61.46 68.89 - 90.88 39.48 89.60 28.65
NT 72.54 44.30 62.33 - 137.88 43.74 156.62 60.43
XT 147.46 30.93 174.31 - 116.05 19.85 108.93 6.23
SDT 110.99 27.61 143.51 - 100.51 21.71 99.17 15.88

Fig. 7   Density of striations 
(NT) plotted against mean 
length of striations (XT in µm) 
from adult individuals with 
error bars, which represent the 
standard deviation of the mean 
length of striations. Each colour 
and point type symbolizes a 
different period: black cross 
= Lower Madgalenian, purple 
cross = Mesolithic, brown 
square = Neolithic, green dot 
= Chalcolithic, gold inverted 
triangle = Bronze Age, grey 
rhombus = Iron Age, pink 
square = Late Roman and blue 
triangle = Middle Age
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Discussion

The buccal microwear analysis carried out in this pro-
ject allows us to expand and precise the knowledge about 
dietary habits of the Bronze Age’s populations from the 
Northeastern region of the Iberian Peninsula. The consist-
ency of the method of analysis, the abundant references 
and the contrast with the archaeological record make this 
research a solid contribution to the subsistence economy 
strategies of prehistoric populations. The interpretation of 
the microstriation patterns analysed in this study has been 
based on the reference patterns of known-diets, on the den-
sity of striations (NT) plotted against the mean length of 
striations (XT) and on three indices of relative frequency 
(NH/NT, NV/NT and NH/NV) analysed and published by 
Lalueza et al. 1996 and tested by numerous authors.

The first criterion is to observe the density of striations 
(NT). A high density means the food consumed was more 
abrasive, while a low density would mean just the opposite 
(Hernando et al. 2020; García-González et al. 2019). This 
criteria would make a difference between the consumption 
of harder foods or having a softer diet. The second criterion 
is to look at the indices of relative frequency of striations 
by its orientation. Lalueza et al. (1996) observed that the 
ratio of the number of horizontal striations divided by the 
density of striations (NH/NT) plotted against the ratio of 
the number of vertical striations divided by the density of 
striations (NV/NT) showed different results in each modern 
population they studied. A lower NH/NT ratio and a higher 
NV/NT ratio were related to the regular consumption of ani-
mal protein (meat or fish), while a higher NH/NT ratio and a 

lower NV/NT ratio were related to the consumption of more 
agricultural foods (García-González et al. 2015). One more 
index of relative frequency, the number of horizontal stria-
tions divided by the number of vertical striations (NH/NV), 
has to be considered as well. On the one hand, low NH/NV 
ratios tend to indicate a low mandibular compression and 
the chewing of soft foods with low fibre content. It has been 
observed in populations with an animal protein-based diet 
(meat or fish) (Lalueza et al. 1996). On the other hand, high 
NH/NV ratios tend to indicate a high mandibular compres-
sion and the chewing of hard, low-refined and highly abra-
sive foods (Lalueza et al. 1996; Romero et al. 2012, Salazar-
García et al. 2016; Jarošová et al. 2016; Radini et al. 2017, 
García-González et al. 2019; Hernando et al. 2020). It has 
been observed in populations with a mixed or agricultural 
diet (Lalueza et al. 1996). The NV/NT and NH/NT ratios 
of Plaça de la Gardnya are similar to those of populations 
such as Fuegians, Vancouver Islanders, Sámi and Inuit, all 
of them being hunter-gatherer and pastoralist populations 
with a mainly carnivorous diet (Fig. 3).

Data of other archaeological sites with published micro-
wear studies allowed us to compare our results and fur-
ther refine the diet that Plaça de la Gardunya and Mercat 
de Santa Caterina’s prehistoric population had in the Early 
Bronze Age. The plot of density of striations (NT) against 
mean length of striations (XT) for adult individuals reveals 
the presence of three clusters. The first one includes the sites 
Plaça de la Gardunya, Mercat de Santa Caterina, La Olm-
eda and Son Real. Their range of values show a low density 
of very long striations, being a possible indicator of a diet 
based in soft foods. The values observed are consistent with 

Fig. 8   Density of striations 
(NT) plotted against length 
of striations (XT in µm) from 
children (0–12 years old) and 
subadult (< 20 years old) indi-
viduals with error bars, which 
represent the standard deviation 
of the mean length of striations. 
Each colour and point type 
symbolizes a different period: 
brown square = Neolithic, green 
dot = Chalcolithic and gold 
inverted triangle = Bronze Age
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the consumption of meat derived from husbandry practices 
at the site of Plaça de la Gardunya. Animal remains indi-
cate the exploitation of domestic species such as Bos tau-
rus, Ovis aries and Capra hircus (Alcàntara 2018). Zooar-
chaeological analysis suggests that bovines were slaughtered 
at an older age, typically between 3 and 6 years, with one 
individual older than 8 years old. The youngest specimen 
was slaughtered at the age of 2 years, when it reached its 
meat optimum. Cut marks are abundant, suggesting animal 
processing activities such as skinning, evisceration, dismem-
berment and butchering. The intensive use of this species 
is evidenced by the traces of brain and bone marrow con-
sumption. Ovicaprids, on the other hand, were slaughtered 
when their meat was at its optimum, possibly for secondary 
products such as milk. There is no evidence of cooking tech-
niques on the animals, such as thermal alterations (Alcàntara 
2018), suggesting that only meat and organs may have been 
cooked, possibly to reduce chewing effort (Hernando et al. 
2022). Apart from Bos taurus, Sus domesticus was exploited 
with similar intensity. The consumption of wild animals 
may have been possible through hunting, as remains of wild 
rabbits (Oryctolagus cuniculus) have been found in Plaça 
de la Gardunya (Alcàntara 2018). Fish consumption is also 
considered, given the discovery of a fishing net weight at 
the Carrer de la Riereta 37-37 bis site (Bofill 2016). The 
significant presence of agricultural evidence in the archaeo-
logical register, in contrast to the results from the NV/NT and 
NH/NT ratios, as well as the resultos of NT and XT results, 
raises the question of why their buccal microwear pattern 
is low abrasive if agricultural products are high abrasive. 
Carpological analyses in the Barcelona plain have recovered 
several domesticated plant species, such as barley (Hordeum 
vulgare and Hordeum vulgare nudum), four types of wheat 
(Triticum aestivum, Triticum durum, Triticum compactum and 
Triticum dicoccum) and legumes (Vicia faba) (Gómez and 
Molist 2016a, b). Storage structures for agricultural products 
are abundant, with the presence of 4 silos in Plaça de la Gar-
dunya, 1 in Filmoteca de Catalunya, 3 in Carrer de la Riereta 
37-37 bis, and 3 more in Mercat de Santa Caterina (Velasco 
et al. 2017; Nadal and Castillo 2009; Carlús and González 
2008; Aguelo et al. 2005), all with high volumetric capaci-
ties. In addition, grill-plan structures interpreted as elevated 
granaries have been found in Filmoteca de Catalunya and 
Carrer de la Riereta 37-37 bis (Nadal and Castillo 2009; 
Carlús et al. 2010). In Carrer de la Riereta 37-37 bis, large 
and medium-sized storage jars for cereals were also found 
(Gómez and Molist 2016a, b). In addition, various lithic tools 
used for land preparation, harvesting and processing agricul-
tural products, such as axes, hoes and grindstones, have been 
found at the sites of Illa d’en Robador, Filmoteca de Catalu-
nya, Plaça de la Gardunya, Carrer de la Riereta, Caserna de 
Sant Pau del Camp and Solar del Pou de la Figuera (Bordas 
2016; Piera et al. 2005; Nadal and Castillo 2009; Velasco 

et al. 2017; Bofill 2016; Granados et al. 1993; Gómez and 
Molist 2016a, b; Suau and Matas 2002). The discovery of 
cooking pots in Carrer de la Riereta 37-37 bis (Gómez and 
Molist 2016a, b) further supports the evidence of a high 
consumption of agricultural foodstuffs. Dental pathologies, 
such as periodontal disease, caries, occlusal tooth wear and 
hypoplasia in 50% of the population of Plaça de la Gardunya 
(Estebaranz et al., unpublished) suggest a high carbohydrate 
intake, typical of agricultural societies (Ortner 2003). The 
presence of abrasive particles in agricultural products could 
have been minimized by different cooking methods, such as 
grinding, boiling, fermenting, steaming or roasting. Cereal 
products could have been consumed in the form of beverages, 
bread, porridge, semolina or stew, as proposed by Hernando 
et al. (2022).

For most of the sites included in the second cluster, 
formed by El Mirón Cave, El Collado, Tossal de les Basses’ 
Late Roman period, El Alto de la Huesera, El Portalón de 
la Cueva Mayor, Cabezo Redondo, La Losilla, Mar i Mun-
tanya, Cova dels Blaus, Caserna de Sant Pau del Camp and 
Can Gambús, diet interpretations have been published. The 
NH/NT and NV/NT ratios of El Mirón Cave indicate a car-
nivorous diet with a hunter-gatherer economic subsistence. 
Additional analyses reveal a mixed but soft diet based on 
fish, meat and occasionally vegetables (García-González 
et al. 2015). El Collado’s values and isotope analysis show 
a marine diet based on dried fish, in which abrasive particles 
like grit adhered to the fish in the drying process (Alrousan 
et al. 2013). Tossal de les Basses’ Late Roman period had a 
soft diet, maybe explained by the presence of wooden mor-
tars that were used for cereal processing instead of stone 
ones (Salazar-García et al. 2016). For El Alto de la Huesera 
and El Portalón de la Cueva Mayor, a high meat consump-
tion is observed in the NH/NV ratio (García-González et al. 
2019). The hypothesis for Cova dels Blaus’ values is an agri-
cultural and pastoralist economic subsistence, and the main 
food consumed would be meat and cereals processed with 
grinding stones (Polo-Cerdá et al. 2007). Cabezo Redondo 
and La Losilla have been interpreted as a population with a 
high degree of meat consumption and refined milling tech-
niques which minimized the inclusion of abrasive particles 
in the resulting food (Romero and De Juan 2007). For Mar 
i Muntanya, data has shown a very abrasive diet based on 
processed cereals with grinding stones (Galbany et al. 2008). 
The interpretation of Neolithic values from Caserna de Sant 
Pau del Camp and Can Gambús have not been published yet 
(Alrousan, unpublished dissertation). As we can see, this 
group is characterized by a mixed diet based on soft foods 
like meat and fish and more abrasive foods like cereals pro-
cessed with grinding stones. The last cluster includes the 
sites Tossal de les Basses’s Neolithic and Middle Age peri-
ods and El Molinico. Their values have been interpreted as 
populations with a mixed diet that had a food intake of low 
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processed foods. These would be very contaminated by abra-
sive particles like grit and would need a substantial chewing 
pressure. It is intriguing to see how different populations 
from the same period have such disparate NT and XT values. 
We would expect similar processing techniques to be used 
in the same chronology, but data reveals the high variability 
of dietary habits in the Iberian Peninsula.

For subadult individuals, a lower density of striations 
is to be expected because of their young age: the older the 
individual, the greater the accumulation of striations at the 
tooth surface. For Cova de Valdavara (Lugo), Hernando et al. 
(2019, 2020) proposed a mixed diet based on breast milk and 
processed food with grinding stones, like porridges. For the 
children of Caserna de Sant Pau del Camp (Barcelona), we 
interpret the same type of diet because of its similar values. 
High XT values of El Mirador (Burgos), Cova de la Guineu 
(Barcelona), Cova dels Galls Carboners (Tarragona) and 
Plaça de la Gardunya (Barcelona) reveal a very abrasive diet, 
more focused on the consumption of porridges or other pro-
cessed agricultural produce with lots of grit or phytoliths. In 
contrast, lower XT values of Caserna de Sant Pau del Camp’s 
subadults, El Portalón de la Cueva Mayor (Burgos) and El 
Alto de la Huesera (Ávila) could originate from a softer diet 
based on breastfeeding or the consumption of agricultural 
produce wih low presence of grit or phytoliths.

One of our aims was to investigate social differences in 
access to food resources. The data provided results that give 
an insight into possible dynamics within society in the Bar-
celona plain during the Early Bronze Age. However, this 
approach should be considered as a preliminary study, as 
we acknowledge that the number of individuals sampled is 
small. This comes from a scarce anthropological register in 
this specific area and chronology. The paucity of remains is 
a problem that extends to other aspects of the archaeological 
record, including architectural elements and archaeological 
artefacts. These results should therefore be interpreted with 
these limitations in mind. When examining social differences 
based on sex criteria, we have 11 individuals whose sex has 
been determined, consisting of 8 males and 3 females. The 
sample size for each sex is significantly different, which 
means that the data do not necessarily accurately reflect 
past dietary habits. Nevertheless, the results of the NH/NV 
ratio suggest a preliminary trend where females may have 
consumed foods with a higher presence of abrasive particles 
compared to males who may have consumed softer foods. A 
similar pattern has been observed in the settlements of Son 
Real (Mallorca) (Jarošová et al. 2006) and Caserna de Sant 
Pau del Camp (Barcelona) (Estebaranz et al. 2008), two Iron 
Age and Neolithic sites, respectively, in the Iberian Penin-
sula. In terms of age criteria, we have data on 21 individu-
als, including 15 adults and 6 subadults. The NH/NV ratio 
and the relationship between striation density (NT) and mean 
striation length (XT) indicate the predominance of harder 

foods in the diet of the subadult population, whereas softer 
foods would predominate in the diet of the adult population. 
These results may be due to cooking techniques that reduce 
the chewability of foods (Hernando et al. 2022), to dental 
health or to the chewability of each age group, or even to the 
fact that subadults consume a higher proportion of processed 
foods contaminated with abrasive inclusions. A similar pat-
tern has been observed in El Portalón de la Cueva Mayor 
(Burgos) and El Alto de la Huesera (Álava) (García-González 
et al. 2019), two Chalcolithic sites in the Iberian Peninsula.

Despite all the criteria available to perform an analysis of 
the dental buccal microstriation pattern, we are aware of its 
limitations and consider that complementary studies should 
be performed in order to have more dietary proxies, such as 
organic residue analysis in ceramic vessels, starch analysis 
from macrolithic tools, dental calculus analysis (Radini et al. 
2017) or stable isotope analysis (Carbon and Nitrogen) of 
human and animal bones. The analytical method employed 
can also be highly improved with the use of a confocal 
microscope to perform microwear texture analysis (Pérez-
Pérez et al. 2018; Correia, Foley and Mirazón Lahr 2021), 
which removes the intra- and inter-researcher error at the 
counting process because of its automatization.

We would also like to mention the degree of preservation 
of the samples. As previous studies have stated, postmortem 
damage greatly affects buccal enamel surfaces (Estebaranz 
et al. 2007, 2009, 2012; Martínez and Pérez-Pérez 2004; 
Martínez et al. 2016). In the present study, the percentage 
of well-preserved teeth stands at 31.7%, a value similar to 
that published in other studies. Buccal-microwear studies in 
Plio-Pleistocene hominins tend to agree that the percentage 
of teeth that preserve good enamel on the buccal face ranges 
from 15 to 25% (Estebaranz et al. 2009, 2012, Martínez et al. 
2016; Pérez-Pérez et al. 2003). The slightly higher values 
reported in the present study may be due precisely to the fact 
that are much more recent sites and the individuals were con-
scientiously buried, which could favour a lower taphonomic 
impact and, therefore, a higher percentage of teeth well pre-
served. The percentage of taphonomic impact for the site of 
the plain of Barcelona should be contextualized with that of 
other contemporary sites. Unfortunately, in most published 
buccal microwear studies on archaeological populations, the 
percentage of well-preserved teeth is not indicated (Alrousan 
et al. 2013, 2019; García-González et al. 2015, 2019; Her-
nando et al. 2020; Jarošová 2007, 2008; Jarošová et al. 2006; 
Jarošová and Tvrdý 2017; Polo-Cerdá et al. 2007). Most arti-
cles only include a reference to the absolute number of teeth 
with good buccal-microwear pattern, but without any refer-
ence to the initial number of teeth. In the only Bronze Age 
site in which the percentage of well-preserved teeth has been 
estimated, the Mar i Muntanya site (Barcelona area) has a 
value very similar to that reported for the plain of Barcelona 
(37.5%—3 out of a total of 10 molars vs. 30.2%, respectively).
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Conclusion

The buccal microwear pattern from Plaça de la Gardunya 
and Mercat de Santa Caterina indicates a predominantly 
soft diet, a finding that could not be inferred solely from the 
archaeological data previously analysed. The presence of 
abundant plant species, lithic tools used for land preparation, 
harvesting and processing of agricultural produce, as well as 
silos with high volumetric capacities, storing jars for cereal, 
and grill-plan structures in close vecinty, along with a high 
percentage of dental diseases associated with an increase in 
carbohydrate intake (periodontal disease, caries and occlusal 
tooth wear) (Martínez and Estebaranz-Sánchez 2018, unpub-
lished) led to the conclusion that agriculture played a sig-
nificant role in the Early Bronze Age diet in the Barcelona 
plain. The low-abrasive buccal microwear pattern could be 
attributed to refined cooking techniques that would reduce 
chewing effort and thus minimized the abrasiveness (or even 
prevented its increase) of the agricultural foodstuff. It is likely 
that milling, steaming, boiling, fermenting or roasting were 
commonly employed. Food would probably have been con-
sumed in various forms such as stew, bread, porridge, bev-
erages or semolina (Hernando et al. 2022). Alternatively, a 
portion of the agricultural produce might have been used as 
feed for livestock. Nonetheless, animal protein also played 
a significant role in the diet of the population from the Bar-
celona plain. The evidence of husbandry and the slaughter 
patterns suggest the consumption of animal products, inclus-
ing meat, organs, bone marrow, milk or cheese, which are 
low-abrasive for dental enamel. The application of cooking 
techniques could further reduce its abrasiveness. Fish should 
also be considered as part of their diet, given the discovery of 
a fishing net’s ceramic weight with triangular morphology. 
This study underscores the importance of the water sources, 
such as the Llobregat and Besòs rivers and the Mediterranean 
Sea, in shaping the subsistence economy strategies of these 
communities. For the communities of the Early Bronze Age 
in the plain of Barcelona, we propose a mixed diet consisting 
of highly refined and cooked agricultural products, animal 
protein from cooked meat and fish and the consumption of 
secondary products. Their subsistence economy strategies 
likely revolved around a diverse range of activities, with a 
strong emphasis on agriculture, animal husbandry and fish-
ing, while hunting and gathering had a lesser impact.

We have conducted a preliminary study to determine 
whether social inequalities existed concerning differential 
access to food. However, we acknowledge the limitations of 
the samples and archaeological remains, and therefore, our 
interpretation should be approached with caution, as results 
may not precisely reflect past dietary habits. Based on our 
observations, adult male individuals probably consumed 
softer foods, such as cooked agricultural produce or primary 

and secondary animal products. In contrast, adult female 
individuals might have had a greater intake of harder and 
higher abrasive foods, such as processed agricultural pro-
duce. On the other hand, children and subadults likely had a 
harder diet than adults, possibly relying on less refined agri-
cultural products and a lower intake of animal protein. This 
could be explained by their chewing capacity of healthy 
teeth and the lower level of teeth erosion at that age.
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