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ARTICLE INFO ABSTRACT

Amdf—’ history: The wide and diverse array of palaeoenvironmental studies that were carried out in Northwestern Iberia indicate
Received 30 May 2016 that the Bronze Age corresponds to a phase of great landscape changes. Strong deforestation and erosion episodes
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are key-features and they are usually assumed to be anthropogenic. The archaeological and archaeobotanical re-

Available online xxxx cords demonstrate that these trends are coincident with modifications on settlement pattern and agricultural

. systems.
ﬁmog;'omny This work consists on a thorough revision of carpological data from 19 Bronze Age sites in order to understand
Seeds and fruits agricultural practices in the region in this time period. Results reveal the increasing relevance of Panicum
Agriculture miliaceum and decreasing presence of naked barley which contrast with the previous periods. Carpological re-
Bronze age mains are not available in Early Bronze Age sites. Middle Bronze Age crops include naked and hulled forms of bar-
NW Iberia ley (Hordeum spp.) and wheat (Triticum spp.). Only one site provided occasional grains of Panicum miliaceum.

Non-cereal crops are rare and comprise Linum, Papaver, Pisum sativum and Vicia faba. Still, there are few Middle
Bronze Age sites with crop macroremains. Late Bronze Age sites with carpological remains of crops are more
abundant but no new crop is added. This is the phase when Panicum miliaceum became a conspicuous crop in re-
gional agricultural strategies. Overall, a small diversity of pulses is recorded throughout the Bronze Age, contrast-
ing with other Iberian regions. Acorns (Quercus) are the only wild fruits consistently present in the archaeological
sites and they probably had some relevance within the regional subsistence.
It was possible to detect changes on settlement and agricultural levels and suggest how these are related to en-
vironmental and social changes. It is argued that agricultural productivity increased and pits were the main stor-
age facilities used by Bronze Age communities. Although these structures are abundant in several sites, caution is
needed while interpreting them and their fills. Only in one site - Freixo - remains of crops were found in primary
deposition in a storage pit.
Increasing agricultural productivity, including functionally diverse winter and spring crops seems to have been
connected to settlement diversification. This trend may have led to a more complementary and profuse use of
local resources, enhancing the anthropogenic changes in the landscape mentioned above. This was a further
step in the territorialisation process that would eventually lead to the complex scenario recorded in the Iron Age.
© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction Considering that such landscape changes are to a great extent the re-

Abundant palaeoenvironmental studies have been carried out in
Northwestern Iberia, ranging from traditional approaches such as paly-
nological studies done in wetlands that combine palynological data
with sedimentary and geochemical approaches (e.g. van Mourik,
1986; Ramil Rego, 1992, 1993b; Ramil Rego et al., 1998; Muifioz
Sobrino et al.,, 2001, 2004, 2007; Mighall et al., 2006) and archaeological
sites (e.g. Aira Rodriguez and Ramil-Rego, 1995; Lépez Sdez and Cruz,
2002; Lopez Saez et al., 2000, 2010; Lépez-Merino et al., 2011), or
even other disciplines such as pedoanthracology (Carrion et al., 2010;
Kaal et al., 2011). Anthracological studies done in archaeological sites
are also abundant (e.g. Figueiral, 1990; Figueiral and Bettencourt,
2004; Martin Seijo et al., 2011; Martin Seijo, 2013, Martin-Seijo et al.,
2015). Such profuse and diversified set of studies has led to several syn-
theses on the palaeoenvironmental evolution of the region, namely re-
garding trends in landscape and climate (Fabregas Valcarce et al.,
2003; Muiioz Sobrino et al., 2005; Martinez-Cortizas et al., 2009;
Ramil Rego et al., 2009; Kaal et al.,, 2011; Lépez-Merino et al,, 2012).

These studies demonstrate that unprecedented deforestation, most
likely anthropogenic, took place during the Bronze Age, mostly from
2000 to 1500 cal BC onwards (i.e. in Early and Middle Bronze Ages),
marking the palaeoenvironmental history of Northwestern Iberia.
Many sequences from Northern Portugal and Galicia, in Northwestern
Spain (van Mourik, 1986; Ramil Rego, 1992; Mufioz Sobrino et al.,
1997; Mufioz Sobrino, 2001; Lopez-Merino et al., 2012) as well as in
other Northern Iberian mountain areas (Mufioz Sobrino et al., 1997,
Mufioz Sobrino, 2001) show a great reduction in arboreal pollen during
this period. Similar spectra were identified in archaeopalynological
(Aira Rodriguez and Ramil-Rego, 1995) and anthracological (Figueiral,
1990, 1993; Figueiral and Bettencourt, 2004, 2007) studies. This high
deforestation, coincident with an increase in soil erosion and acidifica-
tion and indications of heavy-metal atmospheric pollution, point to a
probable anthropogenic cause (Martinez-Cortizas et al., 2009). A slight-
ly colder climate could have contributed further to the decrease in arbo-
real vegetation (Fabregas Valcarce et al., 2003; Ramil Rego et al., 2009;
Martinez-Cortizas et al., 2009; L6pez-Merino et al., 2010; Kaal et al.,
2011; Lillios et al., 2016). Therefore, the Bronze Age occurs, in large
part, during a possibly colder period, except, the Late Bronze Age
when some climatic amelioration took place (Ramil Rego et al., 2009).

Nevertheless, regional differences have been identified in the land-
scape evolution of Northwest Iberia. These have been studied in detail
by Mufioz Sobrino (2001), after the early works of Van Mourik (1986)
and P. Ramil Rego (1992, 1993b). More recent works complemented
these models (e.g. Mufioz Sobrino et al., 2004, 2007; Kaal et al., 2011;
Lopez-Merino et al., 2012). According to the available data, deforesta-
tion in coastal, sub-coastal and low to mid altitude areas seems to
have been fast and intense. On the other hand, in high altitude areas
in the mainland, deforestation occurred later and was less intense prob-
ably due to unfavorable conditions for agricultural activities.

sult of human actions, it is of the upmost importance to understand at
which level there is archaeological data related to these. Here we review
the carpological data from Northwestern Iberian Bronze Age sites to de-
tect eventual trends on the agricultural level and relate them not only to
palaeoenvironmental records but also to social and cultural processes.

Archaeological work in Bronze Age sites in Northwestern Iberia has
been profuse. The Bronze Age is probably one of the periods, which pro-
vided wider and more diversified sets of data. In fact, although there are
clear regional and chronological gaps in the investigation of the region,
the available data has led to several regional syntheses (Jorge, 1988;
Martins, 1990; Méndez Fernidndez, 1994; Jorge, 1995; Fabregas
Valcarce and Bradley, 1995; Bettencourt, 1995; Jorge, 1996; Fabregas
Valcarce, 1998; Bettencourt, 1999; Bettencourt, 2005b; Jorge and
Jorge, 2006; Bettencourt, 2009, 2010a, 2010b, 2013a, 2013b; Sampaio,
2014; Vieira, 2014; Bettencourt and Sampaio, in press).

Despite being profuse, palaeoenvironmental and archaeological syn-
theses seldom include systematic analysis of the carpological data avail-
able for the region. There are some exceptions (e.g. Bettencourt, 1999;
Bettencourt et al., 2007; Sanches et al.,, 2007) but these are mostly envi-
ronmentally or archaeologically centered and do not explore in full de-
tail carpological data. Those that really focus on archaeological seeds
and fruits are already outdated (da Silva, 1988; Ramil Rego, 1993a;
Dopazo Martinez et al., 1996; Ramil Rego et al., 199643, 1996b, Oliveira,
2000).

Combined analyses of carpological and archaeological data are crucial
in order to enhance our knowledge regarding the evolution of agricultural
systems and their relation with social changes, thus being essential to
fully understand broad environmental changes. Taking into consideration
the limitations of previous studies, the current approach, gathering
archaeological, archaeobotanical and other palaeoenvironmental data, is
particularly relevant to achieve a proper understanding of major trends
in past societies and agriculture in Northwestern Iberia.

2. Geographical framework

This review focuses on North-western Portugal (districts of Porto,
Braga, Viana de Castelo and Vila Real) and North-western Spain (Gali-
cia) (Fig. 1). It is a heterogeneous region with a coastal area fragmented
by numerous fluvial valleys sometimes with ample estuaries. Subcoastal
areas are characterized by a succession of fluvial valleys, small sedimen-
tary basins and low altitude mountains (most of the highest peaks are
between 800 and 1150 m). In the mainland we find large sedimentary
basins, delimited by high altitude mountains (Peneda, 1545 m; A
Cabeza de Manzaneda, 1778 m, Pena Trevinca, 2127 m Mustallar,
1935 m.) that link this territory to the Cantabrian Mountains and the
Iberian Meseta to the East.

Bioclimatically, most of the study-area is placed in temperate and
temperate submediterranean macrobioclimatic areas. In Galicia,
termotypes range mostly from Upper thermotemperate to Upper
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Fig. 1. Bronze Age sites with crops in Northwestern Iberia. Legend: 1 - A Fontela; 2 - Alto de S. Bento; 3 - Castelo de Matos; 4 - Canedotes; 5 - Coto da Pena; 6 - Lavra; 7 - Monte das Cabanas;
8 - Penalba; 9 - Penarrubia; 10 - Portecelo; 11 - Santinha; 12 - Sdo Julido; 13 - Senhora da Guia; 14 - Sola; 15 - Tapada da Venda; 16 - Freixo; 17 - Torroso; 18 - Vale Ferreiro; 19 -

Vasconcelos.

supratemperate, with relevant areas of Lower mesotemperate and
Upper mesotemperate (Rodriguez Guitian and Ramil-Rego, 2007). In
Northwestern Portugal there is a predominance of Lower Upper
thermotemperate and Mesomediterranean areas, with some Lower
mesotemperate (Mesquita and Sousa, 2009).

Thus, most of the study-area is characterized by the absence of a dry
season. Its proximity to the sea, together with its low altitudes, justifies
its reduced continentality and the long vegetative period that may ex-
tent to 8-9 months. On the other hand, in the rest of the year, abundant
frost or snow impose great limitations to the development of vegeta-
tion. The most suitable areas for agriculture are those from low altitude
coastal and subcoastal areas.

3. Materials and methods

All reliable carpological data was gathered and synthesised in this
study, covering a time span from c. 2300/2200 cal BC to 600/500 cal
BC, the proposed chronology for the Bronze Age of Northwestern Iberia,
according to A.M.S. Bettencourt (1999, 2005a). According to other au-
thors, the Iron Age begins at 800 cal BC in the region (Gonzalez-Ruibal,
2003; Jorda Pardo et al., 2009). Sites with crops in a time-span between
600 and 400 cal BC considered as a period of transition between the

Bronze Age and the Iron Age (Bettencourt, 1999, 2005a) such as Penalba
(Campolameiro, Spain), Penarrubia (Lugo, Spain), S. Julido Id (Vila Verde,
Portugal) and Vasconcelos (Braga, Portugal) are also included. Data from
Chalcolithic sites (e.g. Bettencourt et al., 2007; Tereso, 2012) were also
mentioned for comparison.

Only sites with carbonized crops were included in this review. There
are no Bronze Age sites with waterlogged fruits and seeds in the study
area, nor mineralized remains. Uncharred plant remains are not consid-
ered here. The original contexts as well as the available information re-
garding the sampling strategies and recovery techniques are mentioned
below.

In several Northwestern Iberian sites, some remains have been iden-
tified as seeds from Brassicaceae, namely Brassica/Sinapis (Ramil Rego et
al., 1990; Ramil Rego, 19933, Dopazo Martinez, 1996; Oliveira, 2000).
Our revision of these materials and their comparison with modern ma-
terial made us question these identifications. Thus, these remains were
not included in this synthesis.

A further problem concerns with the nomenclature and identifica-
tion criteria used by the different investigators who worked in the re-
gion. Published data is usually vague regarding the criteria used by the
different investigators for the discrimination of the different crops.
Therefore, there is a possibility that these were different and
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contradictory. This is particularly problematic in the case of wheat
grains due to the well-known difficulties in distinguishing different spe-
cies by their morphology (Hillman et al., 1996; Bux6, 1997; Jacomet,
2006).

Regarding the nomenclature, the only relevant issue concerns the
short roundish grains of free-threshing wheat. The multiplicity of desig-
nations used by different investigators in the region forced us to homog-
enize designations in order to allow comparisons. The designation
Triticum “stubby grains” was used. This was introduced by S. Jacomet
(2006) and refers to grains which are shorter and more roundish than
those typical of the T. aestivum/durum/turgidum type. Three species
are usually ascribed to this morphology - T. aestivum subsp. compactum,
T. aestivum subsp. sphaeorococcum and T. parvicoccum (Jacomet, 2006).
Although underdeveloped grains (due to their position in the spike) of
T. aestivum/durum/turgidum can present the same morphological fea-
tures, different species could have existed. The need to use a generic
morphological designation is due to the impossibility to distinguish be-
tween the different species.

The homogenization of the nomenclature, by using the designation
Triticum “stubby grains”, serves a purpose of allowing comparisons be-
tween sites studied by different investigators as the maintenance of dif-
ferent nomenclatures could create an idea of wheat diversity that is
impossible to confirm.

3.1. Sites with crop macroremains

Crop macroremains were found in 19 Bronze Age sites. Unfortunate-
ly, these do not include any Early Bronze Age site. Here we present a
synthesis regarding the sampling strategies and contexts (type of con-
texts and chronologies) where carpological remains were found. It is
clear that the information concerning these two matters vary signifi-
cantly among the different sites.

3.1.1. Middle Bronze Age

Alto de S. Bento (Braga, Portugal) - Open-air settlement located in a
spur over the Cavado Valley. 15 pits of diverse morphologies and depths
were excavated or partially excavated and all sediment was recovered.
The pits had sub-circular and elongated mouth contours and had depths
between 0.16 m and 1.04 m (Bettencourt, 1999, 2000a). Artifacts recov-
ered in the site suggest an occupation from the 2nd millennium BC
(Bettencourt, 2009). No radiocarbon date is available.

Only Pit 3 is yet studied. Its mouth measures 0.76 m x 0.70 m and it
is 1.04 m deep. From this structure, samples amounting to 24 | of sedi-
ment were dry-sieved. There is no information regarding mesh size.
Carpological remains were studied by M. Giselda Oliveira (2000).

Freixo (Marco de Canaveses, Portugal) - Open-air Late Bronze age
site located at the Area Arqueolégica de Freixo, at the base of the hillfort

of Tongobriga, an Iron-Age and Roman settlement between the rivers
Douro and Tamega. Within the framework of the ongoing research pro-
ject at this archaeological site (Lima, 2014), a series of radiocarbon dates
have been obtained from charred plant macroremains recovered in 3 of
the 23 pits identified and excavated in the course of recent archaeolog-
ical fieldwork near the Roman baths and Forum of Tongobriga (Lopez-
Doériga, 2015). The modeled radiocarbon dates, concentrated between
the 1600 and 1250 cal BC, point to the occupation of the site between
1500 and 1450 cal BC (Table 1).

All the excavated sediment has been floated with a Syraf-type ma-
chine and the floating fraction has been retrieved with a piece of cloth
of 0.25 mm mesh size. A sample of each pit has been assessed and all
the samples from one of the pits (Pit 15) have been analyzed.

The area in which the pits were dug had been previously worked by
flattening the decomposed granite. The nature of these earthworks has
been distorted by the extensive transformation of the area undertook
for the construction of the Roman Forum. Modern farming activity has
also been carried out in the area, producing plough marks on the surface
of the decomposed granite. The pits may be ascribed to several morpho-
logical types, have a single fill or are multilayered, and contain variable
densities of pottery fragments and charred plant macroremains of wild
and domestic species. Pit 15, the only one yet studied in full, is 0.85 m
depth, has first divergent and then convergent walls, concave bottom
and has provided evidence of its primary use as a storage pit, in the
form of a crust of charred grain (a high proportion of it being sprouted)
adhering to the lower part of the walls and the bottom. Two opposing
indentures at the upper part of the walls just below the mouth have
been tentatively identified as potential receptacles for a lid.

Carpological remains were studied by Inés Lopez-Dériga and were
previously unpublished.

Monte das Cabanas (Vigo, Galicia/Spain) — Open-air settlement lo-
cated in a flat area of a mountainside. Several pits were excavated;
some were identified as storage structures and other are of undeter-
mined functionality (Rodriguez Saiz, 2010). Pits are 0.45 m to 1.90 m
deep and show variable widths in the mouths. These tend to form a fun-
nel (Rodriguez Saiz, 2010). Features of recovered materials show that
storage-pits had played a role in social practices after their use as stor-
age structures. The settlement was occupied during the Middle Bronze
Age, between the 19th and the 13th centuries cal BC. A Maloideae
charred fruit from the lower level of a storage-pit was dated to 1880-
1689 cal BC (Table 1).

The remains were hand-picked during the excavation process. Sedi-
ment has not been floated. Carpological remains are unpublished and
were studied by Andrés Teira Brion.

Portecelo (O Rosal, Galicia/Spain) - Open-air settlement in a
spur overlooking the coastal platform, with only one occupation
level. A hearth floor with a stone pavement was found in the vicinity.

Table 1
Radiocarbon dates of Middle Bronze Age archaeological sites. 14C dates calibrated using Oxcal 4.2 (curve IntCal 13) (Reimer et al., 2013).
Site Lab. ref. Contexts Date BP 1 sigma cal. BC 2 sigma cal. BC References
Monte das Beta-393992 Pit 1 (SU017) Maloideae 3450 4+ 30 1870-1845 (15.2%) 1880-1688 (95.4%) Unpublished
Cabanas fruit 1811-1804 (3.6%)
1776-1733 (31.8%)
1718-1694 (17.5%)
Sola IIb Weighted average Cuts 1and 2 3334 £ 20 1684-1608 (57.2%) 1685-1600 (73.70%) Bettencourt (2000b: 47)
4 dates 1581-1562 (11.0%) 1586-1534 (21.7%)
Freixo Span 4 dates Pits, 15, 20 and 22. 3240 + 28 1495-1443 (68.2%) 1501-1427 (95.4%)  Unpublished
Cereal grains. 3210 + 30
3083 + 31
3210 &+ 30
Tapada daVenda Ua-19499 Cut1 3065 +£ 50 1398-1268 (68.2%) 1436-119 (94.8%) Bettencourt et al. (2002)
1141-1134 (0.6%)
Tapada daVenda CSIC-1830 Cut 2 3057 +30 1388-1338 (35.1%) 1408-1256 (90.3%)  Bettencourt et al. (2007)
1319-1271 (33.1%) 11,251-1231 (5.1%)
Portocelo CSIC-744 Archaeological level 3050 4+ 50 1394-1334 (29.2%) 1427-1192 (92.7%)  Fabregas Valcarce and Ruiz-Galvez Priego (1997)
)

1326-1258 (33.3%
1247-1232(5.8%)

1176-1163 (1.2%)
1144-1131 (1.5%)
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Cano Pan and Vazquez Varela (1988, 1991) mention the presence of
plant remains (acorns and cereals). The authors do not provide any
information regarding sampling strategy and recovering methods.
In early works a Late Bronze Age chronology was proposed. Howev-
er, the calibration of the radiocarbon date obtained in the 1980s
(Table 1) and analysis of the ceramic material, in parallel with the
Sola settlement, led Bettencourt (1999) to integrate it in the Middle
Bronze Age.

Sola IIb/Bouca do Ouro (Braga, Portugal) - Open-air settlement in a
spur of a residual hill on the Cavado Valley. Crop macroremains were re-
trieved in two areas (Cuts 1 and 2). In Cut 1, the crops were retrieved
from four pits: numbers 1, 2, 3/4 and 5. Acorns were found only in
pits 1 and 2 (Bettencourt, 2000b). The totality of the pits sediments
and a sample of 5 | per layer/square were sieved with a 1 mm mesh.

- In Cut 1, layer 3, post-holes from an elliptical structure (hut) and
eight pits were excavated. Pits 2, 3/4 and 5 had different shapes,
with mouths between 0.64 m and 0.96 m and depths between
0.50 m and 0.75 m. Pits 7, 8 and 9 did not provide plant remains
and were interpreted as possible furnaces. Two radiocarbon dates,
obtained from wood charcoal of a possible hearth, placed this
occupation in the 17th century cal BC, i.e. the Middle Bronze Age
(Table 1) (Bettencourt, 2000b).

- In Cut 2, layer 2, a hut-floor and post-holes were found in an area
with some little stone structures interpreted as cists. Carpological re-
mains were almost absent. Only remains of two crops were detected,
associated with the hut-floor. Two radiocarbon dates were obtained
from charcoals recovered inside one of the possible cists, suggesting
a chronology within the 17th and 16th centuries cal BC (Table 1)
(Bettencourt, 2000b).

Carpological remains were studied by Ramil Rego, 1993b, Aira
Rodriguez and Ramil-Rego (1995); and Maria Giselda Oliveira (2000).

Tapada da Venda (Celorico de Basto, Portugal) - Settlement located
on a mid-altitude plateau. The site was occupied in the second half of
the 2nd millennium cal BC (i.e. the end of the Middle Bronze Age)
(Bettencourt et al., 2002, 2007). The chronology was confirmed by ra-
diocarbon dates (Table 1) (Bettencourt et al., 2002; Bettencourt et al.,
2007).

Layer 1 in Cut 2, was the only that provided carpological remains.
These were associated to 8 pits, a very irregular stone floor, a clay
floor and 20 post-holes. The pits had various shapes (mouths ranging
from c. 1.10 m to c. 0.30 m long) and were shallow (depths rarely
exceeded 0.30 m).

All sediments from post-holes and pits were sieved with a 1 mm
mesh. The same happened to the sediments that were immediately
above the floors.

The carpological remains were studied by Isabel Figueiral but only
qualitative data was published (Bettencourt et al., 2007). Here we pres-
ent the absolute frequency of the remains.

3.1.2. Late Bronze Age

A Fontela (Palas de Rei, Galicia/Spain) — Open-air settlement charac-
terized by negative structures of several types and chronologies, from
the Chalcolithic to historical times. The A Fontela area consists of a
4 m wide and 2.25 m maximum depth annular ditch and some adjoin-
ing pits, all dated between the 10th and the 9th centuries cal BC. The an-
alyzed sample was recovered in a circular pit of >1 m diameter and
0.30 m depth. A radiocarbon date obtained from a charred grain of
Triticum dicoccum (Table 2) points to a Late Bronze Age chronology:
1050-895 cal BC.

The remains were recovered by flotation of a sample of 8 | of sedi-
ment using meshes of 2 mm, 1 mm and 0.5 mm. The site is still being
studied. Carpological remains were identified by Andrés Teira Brion.

Canedotes (Vila Nova de Paiva, Portugal) - Open-air settlement lo-
cated in the higher platforms of a conical mount, with profusion of

granite outcrops, overlooking small valleys of the Paiva basin. Two sec-
tors were excavated (Sectors I and II), in which small walls and stone
floors were discovered (Canha, 2002). The occupation of this place
took place in the Late Bronze Age, between the 10th and the 9th centu-
ries cal BC, according to radiocarbon dates (Table 2).

Plant remains were picked by hand during the excavation or from
samples of sediment collected selectively. In the last case they were re-
covered with 3 mm mesh sieves (Canha, 2002: 37).

Carpological remains were studied by Isabel Figueiral and are still
unpublished. The only information available points out the existence
of acorns and wheat (Canha, 2002: 129).

Castelo de Matos (Baido, Portugal) — Open-air settlement or cere-
monial place with a Late Bronze Age occupation ranging from the 10th
to the 8th centuries cal BC (Table 2). One of the radiocarbon dates was
obtained over a grape pip (Queiroga, 1992). The site provided a circular
gray floor and a wood palisade (Queiroga and Figueiral, 1989; Queiroga,
1992).

Soil samples were collected and floated (personal information of F.
Queiroga). The number and volume of samples that provided
carpological remains, as well as their contexts are not known. The
carpological remains were studied by Pinto da Silva (mentioned in
Queiroga, 1992).

Coto da Pena (Caminha, Portugal) - Iron Age hillfort with a previous
Late Bronze Age occupation, located in a spur overlooking the mouth of
the river Coura, in the Minho estuary. In the Late Bronze Age level, an
oval stone house with a gray floor was found. This floor provided a
shell-midden with animal bone and mollusks and a large core of
seeds, some of them Vicia faba. A portion of these seeds was used for a
radiocarbon date (UGRA 200). At the same platform, a comparable
Late Bronze Age level was found under the Iron Age house no. I, with
a great quantity of seeds. Some of these seeds were used to obtain an-
other radiocarbon date (UGRA 220) (Silva, 1986: 34-35, note 187)
(Table 2).

Carpological remains were studied by Pinto da Silva (da Silva, 1988)
but there is no information available regarding sampling strategy and
recovery techniques.

Lavra (Marco de Canaveses, Portugal) - Open-air settlement with
pits, post-holes, hearths and a hut-floor from the Late Bronze Age (9th
century), confirmed by radiocarbon dates (Sanches, 1988, 1995; Cruz,
1997). The Late Bronze Age phase is known as Lavra II. The pits had
sub-circular and ovoidal mouth contours (the mouth diameters ranging
from 0.70 m to 1.00 m) and depths between 0.70 m and 1.30 m)
(Sanches, 1988). The sediments from all the pits were recovered, to-
gether with some samples of sediment from the hearths' area
(Sanches, 1988, 1995). There is no detailed information regarding the
provenance of the carpological remains. Some cereals and Vicia faba
were connected to hearth 5 (personal information of M. J. Sanches).
They were studied by A.R. Pinto da Silva but raw data remains
unpublished.

Penalba (Campo Lameiro, Galicia/Spain) - Settlement located in a
hill overlooking the Lérez Valley, with a likely chronology within the
7th and the 6th centuries cal BC. The chronology is confirmed by several
radiocarbon dates of the occupation level (Aira Rodriguez et al., 1990).
During the excavation, soil samples of unknown volume were recov-
ered in an area with three or four clay hut-floors, one hut-floor
surrounded by a stonewall and some hearths. A fire in this area allowed
the conservation of the carbonized seeds. Some of the cereal grains were
embedded in fragments from ceramic containers (Alvarez Nufiez,
1986), probably indicating that these were storage vessels.

Carpological studies were carried out and published by different in-
vestigators (Téllez et al., 1990; Aira Rodriguez et al., 1990; Dopazo
Martinez, 1996; Dopazo Martinez et al., 1996). Early studies by Téllez
et al. (1990) were not taken into account here as they were carried
out over a very small amount of grains and consisted solely on a biomet-
ric analysis by which the authors claim to have identified three different
species of naked wheat. Such biometric approach has been criticized
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wood charcoal fragments

848-536 (65.7%)

Table 2
Radiocarbon dates of Late Bronze Age archaeological sites. 14C dates calibrated using Oxcal 4.2 (curve IntCal 13) (Reimer et al., 2013).
Archaeological sites  Lab. ref. Contexts Date BP 1 sigma cal. BC 2 sigma cal. BC References
Coto da Pena (VIL) UGRA 200 Layer 5 2930 + 100  1274-998 (68.2%) 1408-902 (95.4%) Silva (1986)
Coto da Pena (VIL) UGRA 220 Layer 9 2920 4+ 110  1264-976 (67.6%) 1408-893 (93.9%) Silva (1986)
950-946 (0.6%) 874-850 (1.5%)
Sdo Julido la Weighted average  Cuts 1,2, 3a, 3b, 7 2901 + 14 1113-1054 (68.2%) 1126-1016 (95.4%) Bettencourt (2000d)
11 dates
Vale Ferreiro AA 63068 Pit 9 - house-tomb 2875 + 41 1120-996 (68.2%) 1194-1142 (8.4%) Bettencourt et al. (2007)
1132-928 (87%)
Santinha I Weighted average Cuts 1,2,3 2810 +£ 19 995-928 (68.2%) 1010-910 (95.4%) Bettencourt (2001)
4 dates
A Fontela Beta-425860 Pit SG 10 (SU112) grain T. dicoccum 2810 + 30 1000-924 (68.2%) 1050-895 (95.4%) Unpublished
Castelo de Matos OxA 2146 Bronze Age level Vitis vinifera sp. 2700 + 90 972-958 (4.0%) 1116-748 (91.8%) Queiroga and Figueiral (1989)
938-796 (64.2%) 684-666 (0.8%)
640-588 (2.1%)
580-559 (0.7%)
Castelo de Matos OxA 2147 Bronze Age level Vitis vinifera sp. 2710 £ 90 974-956 (5.2%) 1125-750 (93.5%) Queiroga and Figueiral (1989)
942-798 (63.0%) 684-668 (0.6%)
638-590 (1.4%)
Castelo de Matos OxA 1759 Bronze Age level 2730 £ 70 968-964 (1.4%) 1044-794 (95.4%) Queiroga and Figueiral (1989)
931-810 (66.8%)
Canedotes Weighted average  Sector [ - wood charcoal 2719 + 38 900-827 (68.2%) 968-964 (0.5%) Canha (2002)
5 dates fragments and acorns 931-805 (94.9%)
Canedotes GrN 25827 Sector II - cereal grains 2745 + 45 926-831 (68.2%) 996-812 (95.4%) Canha (2002)
Senhora da Guia GrN-7484 Wood fragment inside a spearhead 2650 4 130  978-744 (51.4%) 1110-412 (95.4%) Kalb (1974-1977)
686-665 (3.2%)
644-551 (13.5%)
Sdo Julido Ib Weighted average  Cut 3a 2781 + 30 993-987 (2.7%) 1004-844 (95.4%) Bettencourt (2000d)
3 dates 980-896 (65.5%)
Sdo Julido Ic Weighted average  Cut 3a 2544 + 18 794-762 (68.2%) 797-750 (74.7%) Bettencourt (2000d)
3 dates 684-667 (7.9%)
637-590 (12.0%)
576-570 (0.8%)
Lavrall Weighted average - 2671 £ 39 891-879 (8.7%) 902-796 (95.4%) Cruz (1997)
2 dates 845-800 (59.5%)
Torroso GrN 14589 Level V - acorn 2635 + 30 818-796 (68.2%) 842-780 (95.1%) Pefia Santos (1992)
887-884 (0.3%)
Torroso GrN 14588 Level IV - acorn 2580 + 30 802-773 (68.2%) 814-750 (87%) Pefia Santos (1992)
684-668 (3.1%)
637-622 (1.4%)
616-590 (3.9%)
Torroso GrN 13706 Level Il - acorn 2555 + 30 799-755 (57.6%) 804-745 (60.6%) Pefia Santos (1992)
680-670 (5.4%) 686-666 (8.7%)
606-596 (5.2%) 644-552 (26.1%)
Torroso GrN 13705 Level I - acorn 2540 + 30 794-750 (40.3%) 799-736 (44.4%) Pefia Santos (1992)
683-668 (9.5%) 688-662 (12.2%)
636-625 (5.1%) 647-547 (38.9%)
614-591 (13.3%)
Vasconcelos/Monte ~ UTC 4328 Cut1 2504 + 36 770-740 (13.4%) 792-516 (95.4%) Bettencourt (2000a)
do Crasto 688-664 (10.8%)
646-550 (44.0%)
Penarrubia CSIC 358 Sector C (layer 3) 2510 £ 50 784-732 (18.2%) 798-478 (94.3%) Arias Vilas (1979)
690-661 (10.8%) 444-432 (1.1%)
649-545 (39.2%)
Penalba GrN-14132 Floor (square C4) wood 2485 + 35 762-729 (12.3%) 782-480 (94.5%) Aira Rodriguez et al. (1990)
charcoal fragments 692-658 (12.6%) 442-432 (0.9%)
652-542 (43.2%)
Penalba GrN-14133 Fire place (square C3) acorns 2445 + 30 736-688 (20.1%) 752-682 (25.1%) Aira Rodriguez et al. (1990)
663-647 (6.2%) 670-612 (13.3%)
548-430 (41.8%) 593-410 (57.0%)
Penalba GrN-14134 Floor (square C4) wood 2490 + 35 765-731 (13.1%) 788-486 (95.4%) Aira Rodriguez et al. (1990)
charcoal fragments 690-660 (11.8%)
650-544 (43.3%)
Penalba Ref. 234 Fire place on a floor (square B4) 2584 + 126  892-876 (2.5%) 996-402 (95.4%) Aira Rodriguez et al. (1990)
(

(Dopazo Martinez, 1996). Aira Rodriguez et al. (1990) did a partial study
of 7 samples. Dopazo Martinez (1996) completed the study of the same
samples. A 1 mm mesh was used.

Penarrubia (Lugo, Galicia/Spain) - Settlement located in a circular
hill overlooking the Minho Valley with only one occupation level. Two
areas were excavated: the area C on the top and the area M on the
west slope. Both of them were characterized by the traces of a fire

(charcoal, ashes and blackened soils) and the presence of remains
(great number of coating clay with negative of straws, branches and
wood) from perishable huts (Arias Vilas, 1979). At the West slope
there was a rudimentary wall. In the excavated area, three complete
hand mills and fifty-eight other fragments were found. This settlement
was occupied from the 8th to the beginning of the 5th century cal BC, ac-
cording to a radiocarbon date (Table 2).
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Archaeobotanical publications make no reference to contexts and re-
covery techniques (Dopazo Martinez, 1996; Dopazo Martinez et al.,
1996; Ramil Rego et al., 1996a, 1996b).

Sao Julido (Vila Verde, Portugal) - Settlement/ceremonial site locat-
ed on a spur of the Serra Amarela, overlooking the Homem Valley. Two
Late Bronze Age occupations (Sdo Julido Ia and Ib/Ic) and one of the Late
Bronze Age/Iron Age transition (Sdo Julido Id) were distinguished
(Bettencourt, 1999, 2000d, 2013a, 2013b). All phases are dated by
radiocarbon.

SdoJulido la dates from the late 12th century to the late 11th century
cal BC and corresponds to the oldest moment of occupation in the top of
the little hill located in the spur. In this phase, the site was an open-air
settlement with some hut-floors of clay surrounded by small stones
and post-holes, hearths and a pit (Bettencourt, 1999, 2000d).

Sdo Julido Ib/Ic corresponds to a long occupation that began some-
where between the beginning of the 10th century cal BC and the middle
of the 9th century cal BC and finished in the 8th century cal BC. In the be-
ginning of this period the site was an open-air settlement. During the 9th
century Sao Julido was monumentalized by the construction of two rudi-
mentary walls and a partial trench at the entrance of the top area. Some
clay or stone huts-floors and fires were found inside the walls.

Sdo Julido Id dates from the 8th century cal BC to the beginning of the
4th century cal BC. It corresponds to the phase of the settlement en-
largement, only detected in the platforms of the slopes of the hill. It is
a phase in which the structures are still built in perishable materials,
materialized by huts with clay floors and fireplaces; one embankment
and enclosed structures by stones or little piles of stone of small diame-
ters, probably funerary (Bettencourt, 1999, 2000d).

Plant macroremains were recovered either from samples of sedi-
ment sieved with a 1T mm mesh or handpicked during the excavations.
Sieved sediments include all soil from the pit of Sdo Julido Ia and several
5 I samples recovered in hut floors of S3o Julido Ib and Ic. Their study
was carried out by Aira Rodriguez and Ramil-Rego (1995); Dopazo
Martinez, 1996) and M. Giselda Oliveira (2000). Dopazo Martinez
(1996) documents 29 handpicked samples. The information regarding
the contexts where each sample was recovered in her text relates to
the sector, cut and square of the site (Dopazo Martinez, 1996). By
Bettencourt (1999, 2000d) it is possible to know the general context.
All these samples were recovered from soils related with a hut-floor.
M. Giselda Oliveira (2000) ascribes the remains to the four different
phases as had been proposed by Bettencourt (1999), but due to their
overlapping chronology and to facilitate data presentation, in this
study three phases will be considered: Sdo Julido Ia (Late Bronze Age),
Sdo Julido Ib/Ic (Late Bronze Age) and Sdo Julido Id (Late Bronze Age/
Iron Age Transition).

Santinha (Amares, Portugal) — Open-air settlement located in a hill
overlooking the Cavado Valley, characterized by the presence of pits and
a retaining wall (Bettencourt, 1999, 2001). Crops were retrieved in
three different areas (Cuts 1, 2 and 3). Soil sampling strategy implied
the recovery of a 5 1 sample per layer/square and the full content of
the pits (Bettencourt, 1999, 2001). The exception was Pit 1 of the
layer 1, inside the Cut 1 (Bettencourt, 2001). Sediments were sieved
with a 1 mm mesh (Bettencourt, 1999, 2001).

- Cut1islocated in the upper platform of the site. Two different occu-
pation levels were identified. In layer 1, three pits were excavated
but ancient earthworks on site destroyed their upper levels. These
pits had circular mouth contours (mouth diameters ranging from
2,62 m to 2.5 m) and shallow depths (between 0.46 m and
0.72 m). In layer 2, five pits were excavated. They were, probably, lo-
cated inside a hut built with perishable materials (post-holes) and a
stone basement. These pits had circular and oval shapes (mouth
ranging from 1.20 m to 0.60 m wide) and were shallow (depths be-
tween 0.26 m and 0.72 m).

- Cut 2 is located at the beginning of the southern slope of the hill. Two
occupation levels were identified. Each layer provided one pit with

plant remains. Pit in layer 1, with circular shape, had a mouth of
1.34 m wide and a depth of 1.02 m. Pit in layer 2, with sub-circular
shape, had a mouth 0.76 m wide and a depth of 0.40 m. In this
layer was discovered a semi-underground hut with c¢. 3 m in diame-
ter and 0.70 m deep where most carpological remains were found
(Bettencourt, 1999, 2001: 29-30).

Cut 3 is also located at the southern slope of the hill. Layer 1 provided
one pit, one hut-floor, a cist and a retaining wall. The pit was 1.2 m
wide and 0.74 m deep. The plant remains were collected from the
pit, the hut-floor and from a ceramic container.

Radiocarbon dates and the analysis of artifacts position layer 2 from
Cut 1 and 2 and layer 1 from Cut 3 in the 10th century cal BC
(Bettencourt, 1999, 2001; Rubinos Pérez, 2001) (Table 2). Layer 1
from Cuts 1 and 2 are also from the Late Bronze Age but of a more recent
chronology, somewhere after the 10th century BC. The ceramic technol-
ogy and typology of these layers, suggests this occupation is from the
9th century and 8/7th centuries BC (Bettencourt, 2001).

Carpological remains were studied by Dopazo Martinez (1996) and
M. Giselda Oliveira (2000). Correspondence between samples and occu-
pation phases was updated according to archaeological data
(Bettencourt, 2001) and do not completely match previous studies.

Senhora da Guia (Bai6es, Sdo Pedro do Sul, Portugal) - Open-air set-
tlement located in a conical hill overlooking the Vouga Valley. The exca-
vations of the Sector B1 (at the high platform of the North slope),
provided evidence of a single Bronze Age occupation level (Silva,
1979; Kalb, 1980). This level was characterized by the remains of huts,
formed by fragile alignments of stones, arranged in circles, with hearth
floors and fireplaces inside. In this sector, carpological remains were
found in association to hand mills, ceramics and bronze artefacts, like
sickles and axes (Silva et al., 1984; Silva, 1986: 35, note 191 and Fig.
XIV). The presence of specific bronze artefacts and the forms of the ce-
ramic vessels point to a Late Bronze Age chronology.

Carpological remains were studied by Pinto da Silva (da Silva 1976,
1988) but there is no information available regarding sampling strategy
and recovery techniques.

Torroso (Mos, Galicia/Spain) - Settlement inhabited between the
ends of the 9th century to the 7th century cal BC, as confirmed by radio-
carbon dates (Table 2). Torroso is located in a mound, overlooking the
Louro Valley (Pefia Santos, 1992). According to Pefia Santos (1992)
Torroso has only an occupation phase, although it experienced different
construction moments.

The first moment of Torroso (Levels V and VI) is characterized only
by artifacts' debris. Just in Phases “IV, III, Il and I” we find noticeable
structures such as the basal part of a few stone huts and adobe walls,
alongside other huts built in perishable materials and postholes. There
were also fireplaces and pits. It were also in these moments that earth
retaining walls, ditches and embankments were built (Pefia Santos,
1992). Carpological remains appeared in every archaeological levels, al-
though the concentrations of wheat and acorns were more significant in
the last constructive moment (Pefia Santos, 1992: 43). In the center of a
circular hut floor, a fireplace was found with a cluster of charred acorns
and grains of wheat (Pefla Santos, 1992). The carpological data were
studied by Ramil Rego (1993a) and Dopazo Martinez et al. (1996).

Vale Ferreiro (Fafe, Portugal) - Site interpreted as being related to
the cult of the dead and the ancestors with few but different kinds of
tombs (exceptional subterranean tombs built with stones; flat graves
and pits) (Bettencourt, 2005a, 2005b; Bettencourt et al., 2005;
Sampaio, 2014). The site was frequented between the Early Bronze
Age and the Late Bronze Age, as testified by several radiocarbon dates
covering the end of the 3rd to the end of 2nd millennia cal BC
(Bettencourt, 20053, 2005b; Sampaio, 2014).

It is located in a spur, surrounded by little valleys, near the Ave Valley
(Bettencourt, 2005a, 2005b; Sampaio, 2014). All sediment from the pits
was collected and floated, but only one provided archaeological
carpological remains: the Pit 9, interpreted as a house-tomb belonging
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to the Late Bronze Age (Table 2) (Bettencourt, 2005a, 2005b; Bettencourt
et al,, 2007; Sampaio, 2014). These results are consistent with the inter-
pretation of the place as funeral and ceremonial. Seeds were also recov-
ered in Pit 11 (cf. Bettencourt et al, 2007: 157, Table 3) but this
structure was interpreted as an animal burrow from a later period.

The carpological remains were studied by Isabel Figueiral but only
qualitative data was published (Bettencourt et al., 2007). Here we pres-
ent the absolute frequency of the remains.

Vasconcelos/Monte do Crasto (Braga, Portugal) - Settlement in a
mount of Serra do Carvalho, overlooking the valley of the Gualtar
stream, within the basin of river Este. Only two small test pits were
opened (Cut 1 and 2). Soil erosion limited site preservation, thus only
in Cut 1, on the top of the hill, was identified the foundation of an irreg-
ular wall, some pottery sherds and lithic objects (Bettencourt, 2000a).
Only one 5 I soil sample was dry-sieved using a 1 mm mesh. This sample
was recovered in Cut 1 (layer 1a of the B4 square), a severely eroded oc-
cupation level dated from the 7th century to the beginning of the 6th
century cal BC, according to a radiocarbon date (Bettencourt, 1999)
(Table 2).

The few carpological remains were studied by Dopazo Martinez et al.
(1996).

Table 3
Carpological remains in Middle Bronze Age sites.

Altode Freixo Monte das Portecelo Sola Tapada
S. Bento Cabanas da Venda
Cereals
Hordeum sp. 40 @
Hordeum vulgare var. 272
nudum
Hordeum vulgare 2 1
subsp. vulgare
Hordeum vulgare 234
(chaff)
Panicum miliaceum 3
Triticum aestivum/durum 401 1
Triticum aestivum/durum 445
(chaff)
Triticum durum 344
(chaff)
Triticum dicoccum 8
Triticum monococcum 2
Triticum - stubby 352 41
grains
Triticum sp. 20 a
Triticum (chaff) 5
cf. Triticum sp. 1
Cereals - undetermined 80 4
Cereals - undetermined 57
(chaff)
Other crops
Linum sp. 235
Linum usitatissimum 226
(chaff)
Papaver somniferum 268
Pisum sativum 30
Vicia faba 8 2 1
Wild fruits
Corylus avellana 1
cf. Olea europaeae 1
cf. Pinus pinea 1
Pyrus sp. 1
Quercus sp. (cupule) a
Quercus sp. 1(cf) 15 a 4
(cotyledon)
Quercus sp.(hilum) 1
Quercus sp.(pericarp) 1
Rosaceae Maloideae 2
Rubus sp. 43
Sambucus nigra (fruit) 1
Sambucus nigra (seed) 41

@ Presence, no quantities available.

4. Results and discussion
4.1. Bronze Age crops according to carpological data

There are no Early Bronze Age sites with crops and those from the
Middle Bronze Age are sparse (Table 3). This scenario concurs with
the less number of Early Bronze Age settlements known in the region
(Bettencourt, 1999, 2009). Although more Middle Bronze Age sites
have been excavated it is not possible to know whether the scarcity of
crop macroremains results from lack of systematic sampling strategies.
In some sites, such as Sola and Tapada da Venda, among others, carbon-
ized plant remains seemed to have been in fact scarce. On the other
hand, the sites with more archaeobotanical data are those with more
complex stratigraphic sequences, basically covering the Late Bronze
Age.

Among all Middle Bronze Age sites, Freixo stands out because of the
diversity and abundance of carpological remains found in the only pit
yet fully analyzed. Cereals include naked and hulled varieties of barley
and wheat. The latter comprise Triticum dicoccum and Triticum
monococcum. The presence of rachis fragments allowed the identifica-
tion of durum wheat (Triticum durum) among the naked wheat species.
Both the typical T. aestivum/durum grains as well as “stubby grains” have
been identified as the morphological types of the naked wheats. Fur-
thermore, this single pit also provided remains of Linum usitatissimum
(including capsules), Papaver somniferum, Pisum sativum and Vicia
faba. Wild edible plants include acorns, Rubus and Sambucus nigra.

In contrast, the other Middle Bronze Age sites provided few
carpological remains. In Tapada da Venda, Triticum “stubby grains” are
found in most of the studied samples, but H. vulgare subsp. vulgare is
also present (Bettencourt et al., 2007). In Sola (Phase IIb) few plant re-
mains were found. Besides Vicia faba, we stress the presence of Panicum
miliaceum, Corylus avellana and Pyrus (Bettencourt, 1999; Oliveira,
2000; Bettencourt et al., 2007). Data from Portecelo (Cano Pan and
Vazquez Varela, 1991) is sparse, making it difficult to understand its rel-
evance, while in Monte das Cabanas a single naked wheat grain, two
faba beans and wild fruits (acorns and Maloideae) were found.

Besides carpological data, other archaeometric data provided rele-
vant information regarding domestic plants consumed by Bronze Age
communities. Residue analyses carried out at Devesa do Rei (Vedra,
Galicia/Spain) led to the identification of phytoliths of Triticum
aestivum/durum and starch of Triticeae in two vessels (Prieto Martinez
et al,, 2005). A fourth vessel provided evidence of flour made of Quercus
acorns. Similar analyses in two vessels from the cist of A Forxa (Rids,
Galicia/Spain) led to the identification of cereal phytoliths, yeast and
starches affected by malting and enzymatic attack. This combination is
interpreted as evidence of beer (Prieto Martinez et al., 2005, 2009).
These were dated by radiocarbon from the mid-18th century to the be-
ginning of 16th century cal BC (Prieto Martinez et al., 2009).

Despite the few data available, it is noted the presence of naked and
hulled wheat, naked and hulled barley and an early presence of broom-
corn millet. Non-cereal crops include pulses - Vicia faba and Pisum
sativum - as well as poppy (Papaver) and flax (Linum). Acorns (Quercus)
were being collected for food, as carpological remains and phytoliths
demonstrate. Other wild fruits must have been collected. Nevertheless,
the diversity suggested by this scenario is highly determined by the re-
sults obtained in Freixo. It is difficult to understand its regional signifi-
cance but, at the same time, these results are highly demonstrative of
how revealing a carpological study can be if proper sampling strategies
are adopted as standard archaeological procedures.

Due to the great number of excavations done in North-western Por-
tugal, there are significant Late Bronze Age sites with archaeobotanical
remains (Table 4). Unfortunately, for many sites no quantitative data
is provided in the publications. Still, it is clear that wheat (Triticum, T.
aestivum/durum and Triticum “stubby grains”) and H. vulgare subsp.
vulgare are the prevailing cereals, now alongside with Panicum
miliaceum. The most frequent pulse in Late Bronze Age sites is Vicia



Table 4
Carpological remains in Late Bronze Age sites.

S

Castelo de Coto da S.Juliao  S.Juliao S.Juliao  Santinha Santinha Senhora Vale
A Fontela Canedotes Matos Pena Lavra - Baiao Penalba Penarrubia (la) (IbIc) (1d) (Phase 1) (Phase 2) da Guia Torroso Ferreiro Vasconcelos

Cereals

Hordeum sp. 1

Hordeum vulgare var. nudum 2cf
Hordeum vulgare subsp.
vulgare

Panicum miliaceum 13 >1000 ° 2 4 4 a
Panicum miliaceum (aggregated) 1

Panicum/Setaria

Triticum aestivum/durum 54
Triticum dicoccum 1026 47,997
Triticum dicoccum (chaff) 30 108
Triticum - stubby grains
Triticum sp. 445 @ @ 2 31 14 @
Cereals - undetermined

Other crops
Pisum sativum + 1 2 81
Vicia faba a

o
o
—_
~
—_
w
w
o
o

Wild fruits
Pyrus sp. @ 1

Quercus sp. (cupule) 6 1

Quercus sp. (cotyledon) a a 103 22 8 142 10

Sorbus aucuparia 1 ?
Vitis vinifera

8G5-bF (910Z) 01 Sioday :20ua1d§ [D2180]0aDY2.LY f0 |DULINOf / ‘D 32 052U ‘d’[

@ Presence, no quantities available.
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faba, followed by Pisum sativum. Wild fruits, mostly acorns, appear to be
relevant in some sites (Table 4). Finally, Triticum sp. phytoliths were
found in a hand stone mill at Late Bronze Age levels from Os Pericos
(Ribeira, Galicia/Spain) (Vilaseco Vazquez, 2012).

In Torroso (9th/7th centuries cal BC) both hulled and naked barley
were cultivated (Dopazo Martinez, 1996; Dopazo Martinez et al.,
1996). We must stress the presence of naked barley in Torroso in such
late chronology as by this time it had already ceased to be a staple
crop in many Iberian regions (Buxd and Piqué, 2008). It is possibly pres-
ent in Senhora da Guia and it was also found in As Laias, in what seems
to have been the oldest storage structure studied in the site up to now
(Tereso et al., 2013). However, the chronology of this structure is prob-
lematic. Storage facilities made of wattle and daub are abundant in As
Laias (Alvarez Gonzilez and Lépez Gonzilez, 2000; Tereso et al.,
2013). Most storage structures are from the Iron Age and the transition
of the Era. However, one structure provided an older radiocarbon date.
Unfortunately, the interval obtained showed a great time-span (CSIC-
1274: 2435 4 32, 751-406 cal BC at 20) and the radiocarbon date was
obtained over unidentified charcoal remains. Considering large wood
planks were used in the storage facilities, there is the possibility of the
old wood effect. Thus we cannot exclude the eventuality of an Iron
Age chronology. Moreover, this storage facility provided grains and
chaff from Triticum spelta as well as grains from Avena, such as the
[ron Age structures from the same site. The presence of Avena grains
in Iron Age sites is very common. They were found in S. Jodo de Rei II
(Pévoa de Lanhoso, Portugal) (Dopazo Martinez, 1996; Bettencourt,
1999), Crastoeiro (Mondim de Basto, Portugal) (Dinis, 1993-1994,
2001) and in many other sites. Spelt has also been found in Iron Age
sites in the region, such as Castrovite (Rey Castifieira et al., 2011),
Crastoeiro (Seabra, 2015) and Freixo/Tongobriga (L6pez-Doériga,
2015). However, as seen in Tables 3 and 4 no actual Bronze Age site pro-
vided any remains of these crops. The presence of two Avena sp. grains
(and seven possible others) in Pit 15 in Freixo and a single grain in a
Chalcolithic level of Castelo de Aguiar (Pinto da Silva quoted by Jorge,
1986) must not be overrated. They probably correspond to wild species,
since the cultivation of oat at such early dates was not likely to have oc-
curred, considering the data available for the rest of the Iberian Peninsu-
la (Buxé and Piqué, 2008) and the domestic status cannot be
ascertained in the absence of chaff. In the case of Castelo de Aguiar, con-
tamination from more recent levels is also a possibility. Late Bronze Age
(Silva, 2000), Iron Age and Roman occupations were found in the site
(Batata et al., 2008).

Penalba, Penarrubia, and Vasconcelos are the most recent sites. In
Penalba 2 kg of Panicum miliaceum and 70 kg of T. dicoccum were recov-
ered (Aira Rodriguez et al., 1990). Penarrubia only provided Panicum
miliaceum. The sparse presence of T. dicoccum in Northwestern Iberia
must be noticed. This species is the prevailing crop in other Iberian re-
gions (Buxd and Piqué, 2008), as well as in many European areas
(Stika and Heiss, 2013; Primavera et al., 2015). Before the carpological
analyses of Freixo and A Fontela that were unpublished until this
study, the only Bronze Age site with T. dicoccum was Penalba. So, it is
possible that further carpological studies will change the perspective re-
garding the role of hulled wheat in prehistoric times in Northwestern
Iberia.

The Late Bronze Age is the first phase when we seem to have a con-
sistence presence of millet in the region. A recent synthesis suggests
that throughout Europe the transition from the Middle Bronze Age to
the Late Bronze Age marks the transition of millets from minor to
major crops in agricultural strategies (Stika and Heiss, 2013).

In Northwestern Iberia Panicum miliaceum is the only millet iden-
tified until now in Bronze Age contexts. Although for many years
millet cultivation in the Iberian Peninsula was considered an Iron
Age innovation, recent investigations, mainly in northern Spain and
Portugal, testify for its presence as crop since, at least, the Middle
Bronze Age (Bettencourt, 1999, 2003; Alonso, 2000; Bux6 and
Piqué, 2008).

There is a claim for the discovering of millet alongside with spelt in
the Chalcolithic levels (3rd millennium cal BC) of Crasto de Palheiros
(Murga), a site located in Northeast Portugal (Figueiral, 2008). Such
early chronology is problematic. Millet grains (Panicum miliaceum and
Panicum/Setaria) appear in Crasto de Palheiros only in one of the site's
platforms both on Chalcolithic and Iron Age levels. 10 millet grains
were found in the Chalcolithic levels and over 25,000 millet grains
were recovered in the Iron Age ones (Figueiral, 2008). Chaff from T.
spelta, together with abundant T. dicoccum/spelta grains (Figueiral,
2008), was recovered in another platform, in two depressions inside a
Chalcolithic hut (Sanches, 2008). However, many disturbances to the
Chalcolithic levels are confirmed by several radiocarbon dates obtained
over wood charcoal, pointing out to much recent periods. These dates
were considered erroneous by the archaeologist since they do not
agree with the chronology of the artefacts recovered (Sanches, 2008)
and must lead us to consider with caution data from that site. Direct ra-
diocarbon dating of problematic material is needed so to confirm such
early introduction of Panicum miliaceum and T. spelta. So far, a
Chalcolithic chronology for the introduction of spelt in western Iberia
would clearly contrast with the state of the art of this crop's history in
the Iberian Peninsula (Buxé, 1997; Buxé et al., 1997; Tereso, 2012;
Tereso et al., 2013). In what Panicum miliaceum is concerned, it has
been found in several Bronze Age sites (Alonso, 2000; Bux6 and Piqué,
2008; Moreno-Larrazabal et al., 2015) thus its cultivation seems to
have begun in this period. Recent radiocarbon dates directly carried
out on millet grains revealed the earliest chronologies in the European
Bronze Age around the middle of the 2nd millennium cal BC
(Motuzaite-Matuzeviciute et al., 2013).

In NW Iberia there is a single Middle Bronze Age site with millet -
Sola (Phase IIb) - and even there grains are occasional (Bettencourt,
1999, 2000Db; Oliveira, 2000). Four Panicoideae grains have been identi-
fied in Freixo, but determination to species level has not been achieved
and they might thus belong to a wild species. Recent isotopic analysis
over human bones dated between 1890 and 1600 cal BC in the collective
burial of Cova do Santo (Pardollan, Rubid, Galicia/Spain), have failed to
detect evidences of the consumption of C4 plants (Lopez-Costas et al.,
2015). It is interpreted as evidence that this Middle Bronze Age site pre-
cedes the introduction of millets (Lopez-Costas et al., 2015), or it can
suggest that the individuals found in the cave did not consume this ce-
real. Up to now, most Bronze Age sites with millet are located in North-
ern Portugal and the northernmost sites (in Northwestern Spain) are
from the most recent phase of the Bronze Age. Further isotopic and
carpological data are necessary to understand the history of millet culti-
vation in Northern and Western Iberia.

The presence of a spring cereal such as Panicum miliaceum in some
Late Bronze Age settlements is highly relevant since it demonstrates
the possibility of obtaining two crops a year. It is interesting to notice
that it appears in a phase of increasing sedentarization and
territorialisation and it can be in some way related to these changes
(Bettencourt, 1999, 2000b; Gonzalez-Ruibal, 2003). The cultivation of
spring crops - as catch crops - is an important strategy to prevent fam-
ine in case of any setback affecting the winter crops (Vazquez Varela,
1993-1994; Fernandez-Posse and Sanchez-Palencia, 1998). Still, al-
though Panicum miliaceum is the first clear evidence for spring cultiva-
tion, one cannot exclude the possibility that other species such as
naked wheat and hulled barley were used as spring crops. Weed func-
tional studies must be carried out in order to address this matter
(Bogaard et al., 2001, 2005; Jones et al., 2010), for which systematic
soil sampling must become a regular strategy in excavations.

The growing relevance of millet and the little relevance of naked bar-
ley throughout the Bronze Age are the main differences regarding the
previous period, the Calcolithic (Bettencourt, 1999; Bettencourt et al.,
2007; Figueiral and Bettencourt, 2007; Tereso, 2012). In general, in
Northwestern Iberia, during the Chalcolithic there is a preponderance
of H. vulgare subsp. vulgare and H. vulgare var. nudum and naked
wheat, namely the Triticum “stubby grains”. Other crops, whether
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cereals, legumes, or even flax have little importance. This scenario
comes, however, from crops found in a few sites, almost all located in
Northern Portugal (Bettencourt, 1999; Tereso, 2012).

One must notice that the replacement of naked barley by hulled bar-
ley is a common scenario in other Iberian and European regions
throughout the Bronze Age (Bux6 and Piqué, 2008; Stika and Heiss,
2013).In Northern Portugal hulled barley seems to have been a very im-
portant crop already during the Chalcolithic. Although naked barley
maintains its relevance, hulled barley appears more abundantly. Only
in Buraco da Pala (Mirandela) is the naked variety more abundant
than hulled barley, but even at this site there is a great increase of hulled
barley when compared with previous levels (Ramil Rego and Aira
Rodriguez, 1993; Sanches, 1997).

The small diversity of pulses - basically Vicia faba and Pisum sativum -
found in Bronze Age sites from Northwestern Iberia contrasts with Med-
iterranean Iberia and other European regions (Buxé and Piqué, 2008;
Stika and Heiss, 2013). For the moment it is not possible to know wheth-
er this small diversity is related to cultural or bioclimatic factors, eventual
preservation biases or sampling problems. Regarding other non-cereal
crops, only poppy and flax were recorded. All Bronze Age remains from
these species came from the pit of Freixo. Flax had been previously re-
corded in the study-area in the Chalcolithic site of Bitarados (Esposende,
Portugal) (Bettencourt et al., 2007) but it was also recovered in Northeast
Portugal, namely in Buraco da Pala (Ramil Rego and Aira Rodriguez,
1993; Sanches, 1997). Poppy seeds had not been recovered in any prehis-
toric site in the study-area before the analyses of Freixo. However, they
were recovered in the Chalcolithic levels of Buraco da Pala (Ramil Rego
and Aira Rodriguez, 1993; Sanches, 1997) and Castelo Velho (Vila Nova
de Foz Coa) (Figueiral and Jorge, 2008), both in Northeast Portugal.

Quercus spp. acorns are the only wild fruits consistently present
throughout the time-span covered here and are the plant remains that
were recovered in more sites. In fact, they were found in several other
sites where no crops were recovered (Bettencourt, 1999), thus not
appearing in Tables 3 and 4. Archaeobotanical sampling is occasional
in the region although archaeobotanical materials have been recorded
since the first excavations in the 19th century (Sarmento, 1903). Not
surprisingly, in earlier excavations the more abundant carpological ma-
terials found corresponded to acorns, most probably due to their size.
Thus any comparison between the number of sites with crops and
sites with acorns cannot be reliable.

Vitis was found in a single site - Castelo de Matos - and a radiocarbon
date was obtained from one seed, confirming its Late Bronze Age chro-
nology but no biometric studies were carried out. Early
archaeobotanical data suggest that this species is native to the region.
Pips have been found in the 3rd millennium levels of Buraco da Pala
(Mirandela) (Ramil Rego and Aira Rodriguez, 1993) and charcoal was
retrieved in the Neolithic funerary monument of Mamoa da Arca
(Mirandela, Portugal) (Figueiral and Sanches 1998-1999). Thus, it is
likely that grapes were collected from the wild during the Bronze Age.

Overall, the gathering of wild fruits, particularly acorns, was proba-
bly an important complement to agriculture. The exploitation of wild
resources by fully agricultural communities fitted in a strategy of re-
source optimization since they were very abundant in the region. Such
strategy is also clear in the zooarchaeological record.

Zooarchaeological evidence is very sparse due to poor preservation
conditions, but the management of diversified resources throughout
the Bronze Age is suggested by the presence of domestic and wild ter-
restrial animals, as well as fish and molluscs in few sites (Silva, 1986;
Antunes, 1991; Bettencourt, 1999; Fernandez Rodriguez, 2000;
Férnandez Rodriguez, 2010; Fernandez Rodriguez and Pérez Ortiz,
2007; Bettencourt et al., 2007). In the Middle Bronze Age levels of the
Guidoiro Areoso (Illa de Arousa, Pontevedra, Spain), Bos taurus, Ovis
aries/Capra hircus and Sus domesticus predominate and fish and birds
are also found (Fernandez Rodriguez and Pérez Ortiz, 2007). In the Mid-
dle Bronze Age levels of Pala da Vella (Rubia, Ourense, Spain) the do-
mestic assemblage is similar and evidence of hunting activities are

also found (Cervus elaphus, Capreolus capreolus, Lepus capensis, among
others) (Fernandez Rodriguez, 2000 and Fernandez Rodriguez and
Pérez Ortiz, 2007). In Late Bronze Age sites from Northwestern Portugal
(Barbudo, S. Julido and Coto da Pena) the same domestic species were
found (see synthesis in Bettencourt, 1999). The collection of molluscs
is testified in the Late Bronze Age levels of the coastal settlement of
Coto da Pena (Silva, 1986), in the Early Bronze Age pit of Areias Altas
(Cabral, 2010) and in the Middle Bronze Age site of Guidoiro Areoso
(Rodriguez Lépez in Rey Garcia, 2011).

4.2. Agriculture and settlement pattern in the Bronze Age

During the Early and Middle Bronze Ages, human communities seem
to continue a previous tendency to occupy several different areas in low
and mid altitudes: small hills, plateaus and spurs near the valleys, usu-
ally at low altitudes (Bettencourt, 1999, 2000c, 2003, 2005b, 2009,
2013a; Bettencourt et al,, 2007). More permanent settlements coexisted
with other smaller and seasonally occupied places (Bettencourt, 2005b,
2009, 2013a; Parcero Oubifia and Ayan Vila, 2009). Some apparently
permanent settlements are associated to necropolis (Bettencourt,
1999, 2003, 2008, 2009, 2010a, 2010b, 2013a; Parcero Oubifia and
Ayan Vila, 2009).

Our tentative interpretation suggests this settlement pattern, pro-
foundly related to the valleys, may have beneficiated from the E4 ero-
sion event identified by P. Ramil Rego (1993b) and Martinez Cortizas
et al. (1993), mentioned by Mufioz Sobrino et al. (2005), as it coincides
with its last stages. In fact, it is possible that, in some areas, Late
Chalcolithic and Early/Middle Bronze Age communities chose settle-
ment strategies, which allowed them to take advantage of the new
soils existing in the valleys. If so, changes in the landscape acted as an
opportunity to increase productivity. Detailed and oriented geomor-
phological and archaeological studies should be done in order to test
this possibility.

An increase in productivity is suggested by the increasing size of the
settlements and the more frequent presence of pits, some of them prob-
ably used as storage facilities in the Middle Bronze Age. In some settle-
ments of this period, such as Monte de Cabanas (Vigo, Spain)
(unpublished), Monte Buxel, (Pazos de Borbén, Spain) (Criado Boado
et al., 2000; Lima Oliveira and Prieto Martinez, 2002), Monte Calvo
(Baido, Portugal) (Bettencourt, 2013a; Martin Seijo et al., 2012), Freixo
(Marco de Canaveses), (unpublished), Pego (Braga, Portugal)
(Sampaio et al., 2008; Sampaio, 2014), Quinta do Amorim, Braga
(Sampaio, 2014), Sola (Phase IIb) (Bettencourt, 2000b), Quinta do
Rapido (Barcelos, Portugal) (Bettencourt, 2009, 2013a); Lavra
(Matosinhos, Portugal) (Bettencourt and Fonseca, 2011), Cimalha
(Felgueiras, Portugal) (Bettencourt, 2009, 2013a; Vieira, 2014), Tapada
da Venda (Celorico de Basto, Portugal) (Bettencourt et al., 2007),
Corgo (Vila do Conde, Portugal) (Bettencourt, 2009, 2013a; Botelho,
2013; Vieira, 2014) and Bouga do Frade (Baido, Portugal) (Jorge, 1988;
Bettencourt, 2003) several of these pits were excavated. However,
only in Monte das Cabanas, Freixo, Tapada da Venda and Sola (Phase
IIb) were crop macroremains found inside the pits and even then only
in Freixo part of the assemblage was found in primary deposition. In
Freixo, the fill of the studied pit (Pit 15) was microestratified and its
lower layer, very thin and covering the lower part of the walls and bot-
tom, was rich in sprouted cereal (mostly naked wheat but also barley)
grains. This allowed Lépez-Dériga (2015) to propose these remains
were probably the remnants of a stored product which had germinated
and remained adhered to the pit borders upon emptying, becoming
later charred upon disinfection of the pit. The charred macroremain as-
semblages present in the other fill deposits within the pit were radically
different in composition and were identified as probable food process-
ing by-products. In addition, below the mouth of the pit two indentures
in the wall for receiving a possible lid were tentatively identified.

In other pits in Freixo and in the other sites sites, the plant
macroremains were found in association with charcoal and artefacts,
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demanding caution in their interpretation as the result of actual storage
(Bettencourt, 2000a, 2000b; Bettencourt et al., 2007). In Sola (Phase IIb)
cork was found inside one pit with acorns, suggesting it was used to add
further protection against humidity. Thus, in the other sites, the inter-
pretation of the pits as storage facilities is based on their typology and
their stratigraphic characteristics rather than the presence of
carpological remains. Since seldom are soil samples recovered during
the excavations, it is difficult to assess the real importance of pits as stor-
age facilities in the Middle Bronze Age. This is particularly relevant con-
sidering that in some sites, other interpretations (tombs, ritual contexts,
among others) were proposed for similar structures, according to their
typology and fills (Bettencourt, 1999, 2000a, 2008, 2009; Parcero
Oubifia, 1997; Criado Boado et al., 2000; Fabregas Valcarce, 2001;
Prieto Martinez et al.,, 2009; Luz, 2010; Cabral, 2010).

Archaeological excavations in Late Bronze Age settlements in the
area also point to high levels of productivity, since pits, usually
interpreted as storage facilities, continue to be very abundant in some
settlements such as Bouga do Frade (Jorge, 1988), Lavra (Phase II)
(Marco de Canaveses, Portugal) (Sanches, 1988, 1995), Santinha
(Phases I and II) (Bettencourt, 1999, 2001) and Pego (Sampaio et al.,
2008; Sampaio, 2014). Santinha (Phase II) is a paradigmatic site, since
in its upper platform several pits were found inside a hut delimited by
post-holes and some stones in what was interpreted as a communal
storage area (Bettencourt, 1999, 2001). Crops were found inside pits
in Santinha, together with other debris, such as charcoal fragments
and ceramics. On the other hand, in Penalba, storage seems to have oc-
curred in vessels above-ground (Aira Rodriguez et al., 1990).

Regarding settlement strategies, investigations confirm that settle-
ment diversification occurred already in the Late Bronze Age, at least
in some areas (Jorge, 1988; Bettencourt, 1999, 2000c, 2009, 2013a,
2013Db). Settlements in the low hills of great valleys, in the plateaus of
medium altitude and mountain camps are found alongside with settle-
ments in the valleys and settlements in mid/high-altitude spurs control-
ling the more important river basins (Jorge, 1988; Bettencourt, 2000c,
2009, 20133, 2013b). Some of these settlements have delimitation
structures such as embankments or wooden palisades but actual fortifi-
cation is rare during this period (Jorge, 1995; Bettencourt, 1995, 20053,
2009).

Rather than diverse settlement strategies, there seems to be a
strategy based on the diversity of settlements. This implies that
some kind of network connection existed between the settlements,
as suggested by Bettencourt (1999, 2000c, 2009, 2013a, 2013b).
This greater connectivity may have led to an increased territoriality
based on the complementarity between settlements, according to
their strategic location near specific ecosystems and/or soils. This
strategy implied a more profound use of the territory thus a greater
pressure over it.

In sum, crops available in Northwestern Iberia during the Late
Bronze Age probably included winter and spring crops with different
demands in terms of soils, water and sun exposure - functional diversity
- which makes us consider a system based on the complementarity be-
tween different species which would allow the communities to fully ex-
plore their territory within a network of interconnected places. This fits
the interpretative models defined for Northwestern Iberia (Bettencourt
and Sampaio, in press), the Northwest of Portugal (Bettencourt, 2009,
2013a, 2013b) and, more in particular, for the Cavado basin
(Bettencourt, 1999, 2000b), Leca basin (Bettencourt, 2010b), or Ave
basin (Sampaio, 2014).

5. Conclusions: crops, societies and environment from the end of the
3rd to the mid-1st millennia BC

The Bronze Age was a time of increasing pressure over the envi-
ronment. As mentioned before, such pressure can be deduced from
several palaeoenvironmental studies, such as the abundant palyno-
logical sequences (Ramil Rego, 1992; Ramil Rego et al., 1998;

Mufioz Sobrino et al., 1997, 2001, 2004, 2007; Mighall et al., 2006;
Lopez-Merino et al.,, 2011, 2012) and anthracological studies
(Figueiral, 1990, 1993, 1996; Figueiral and Bettencourt, 2004;
Martin Seijo et al., 2011; Martin Seijo, 2013; Martin-Seijo et al.,
2015) carried out in the region. All these different approaches docu-
ment a significant decrease in forest cover occurring in Late Prehis-
toric times, particularly since the Bronze Age. This trend has been
identified both in coastal and continental contexts and is frequently
attributed to changes in human production strategies.

The archaeological record allows us to further understand the
technological and social context in which environment and agricul-
ture changed. It is clear that this process occurred at the same time,
and probably related to, an increase in settlement size which led to
an increasing demand for construction wood, the further develop-
ment of copper metallurgy and the emergence and development of
bronze metallurgy since the Middle Bronze Age (Bettencourt,
20054, 2005b, 2009, 2010b, 201343, 2013b; Comendador-Rey et al.,
2008; Sampaio, 2014). As forests decreased, agricultural activities
became more important, societies became more sedentary and
connectivity between human communities was enhanced changing
the local settlement patterns. This probably coincides with an in-
crease in demography and surplus production (Bettencourt, 2009,
2010b).

The carpological data from Bronze Age sites in Northwestern Ibe-
ria provide relevant insights regarding agriculture in these changing
times. The Middle Bronze Age carpological record documents the in-
troduction of Panicum miliaceum in the region. This is a versatile
spring crop with a very short vegetative cycle that may have implied
changes in subsistence strategies. Hulled and naked varieties of
wheat and barley are documented, as well as peas, faba bean, flax
and poppy.

Early and Middle Bronze Age settlements are found in different
areas, from the coastal platform to the more continental areas.
Human communities show preferences for occupying small hills
mainly positioned in lowlands and near the valleys, which could
have had easy access to good soils. This may have been important
to support population growth. Pits may have been the main type of
storage facility during all the Bronze Age. This does not exclude the
possibility of other storage facilities, archaeologically less visible
(Sigaut, 1988), being used.

Wheat and millet are the crops found in more Late Bronze Age sites
but changes in the archaeological record are more conspicuous. Since
the end of the 2nd millennium and the beginning of the 1st millennium
cal BC, the existence of settlements in distinct and, probably, comple-
mentary locations suggests an increase in territorialisation and an
improvement in settlements' connectivity. Enhanced productivity is
suggested by the abundant storage facilities in several settlements
(Bettencourt, 1999). In this sense, agricultural systems could have
been based on the complementarity of different crops and different -
but connected - settlements positioned in distinct locations, exploring
distinct resources (Bettencourt, 1999, 2000c, 2005a, 2009, 2013a).

These new, more interconnected and productive social-ecological
systems led to new and greater pressure over the environment. This
was a crucial stage in the consolidation of the agrarian system.

Overall, the changes here described marked a trend in the pro-
cesses that drive landscape evolution: the emergence of new pro-
ductive social-ecological systems that, as today, were characterized
by intertwined structures and processes linked across spatial and
temporal scales (e.g. systems described by Walker et al., 2006). The
continuing anthropogenic changes that mark the onset and develop-
ment of productive activities throughout prehistoric times represent
a new trend in the environmental history of the region and they
document a shift in the human strategies of exploring the resources,
towards ever more complex and unsustainable social ecological
systems as suggested by the increasing deforestation and soil
erosion.
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