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Abstract The archaeobotanical record of 24 sites from
the Neolithic period (5400-2300 cal Bc) in the north-east
of the Iberian Peninsula is evaluated. Remarkable amounts
of data have recently been obtained for the early and
middle Neolithic phases. Most of the studied sites were dry
and they only yielded charred plant material. Among dry
sites, several types of context were evaluated: dwelling
areas, hearths, roasting pits and byres. Material was also
analysed from a waterlogged cultural layer of one early
Neolithic lakeshore site, La Draga. Quercus sp. (acorns),
Corylus avellana L. (hazelnuts), Pistacia lentiscus L.
(mastic fruits) and Vitis vinifera L. var. sylvestris (wild
grapes) were among the most frequently encountered fruits
and seeds. Their presence in the archaeobotanical record
clearly maps their past ecological distribution in the region.
There are differences observed between the charred dry-
land material and the waterlogged uncharred material.
Wild fruits were mostly present in an uncharred state in La
Draga. Therefore, their consumption could go unnoticed in
dry sites when fruits were eaten raw or without roasting.
Larger amounts of charred remains of certain wild fruits
like acorns and hazelnuts found in mountain areas are
highlighted as potential evidence of the regular practice of
roasting, potentially indicating regional traditions. All in
all, our results support an intensive wild plant use at least
during the first 1,300 years of the Neolithic period. Evi-
dence of wild plant food consumption becomes scanty
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towards the second phase of the middle and the late Neo-
lithic (4th and 3rd millennium cal Bc). This, however,
might also be due to taphonomic reasons.
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Introduction

There is convincing evidence that wild fruit gathering may
have played an important role in the Neolithic economy. For
instance, a study of the role of plants in the diet of the
inhabitants of the Neolithic lakeshore site of Arbon Bleiche
3 in central Europe, based on the representation of un-
charred plant macro-remains in waterlogged contexts,
concluded that wild fruits were a very significant part of
human diet, supplying a third of the caloric input of plant
origin (Hosch and Jacomet 2004, pp 144-145). Can these
observations be extrapolated to most Neolithic communities
in Europe? And how was the use of wild fruits integrated in
a farming economy? Was it organised at a household level?
Who did most of the gathering activities? Was woodland
managed or protected? What was the influence of the
farming and social model on the concrete strategies of wild
plant gathering? Were there local traditions?

Wild plant gathering strategies are frequently dealt with
in ethnographic work. Some valuable case studies are
known in the Mediterranean region, in Methana, Greece
(Forbes 1976) and Kizilkaya, central Anatolia, Turkey
(Ertug-Yaras 1997). In both cases, gathering was practised
mainly by women. In Greece, gathering was usually not a
specific task but something which was done while carrying
out other activities, such as caring of grazing livestock,
checking the state of crop fields, etc. Quite the opposite, in
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central Anatolia gathering was an activity which could last
for two or three hours and was conducted in the vicinity of
the settlement up to 1.5 km away from it. The inhabitants
of the investigated villages in both areas used to eat wild
vegetables as much as their own crops, which seems to
reflect the previously mentioned results obtained at Arbon
Bleiche 3. Are these the scenarios that one should expect
for the Neolithic?

Significant advances have been made in the last decade
towards a better characterization of the plant economy in
the Neolithic of the Iberian Peninsula (Bux6 and Piqué
2008; Pefia-Chocarro et al. 2013). An important question
which could never be properly investigated concerns the
role of wild fruit gathering in the economy during the
Neolithic (for interesting approaches in the western Pyre-
nees and the Basque country, see Zapata 2000; Zapata Pefia
et al. 2008). This work aims to address this issue, based on
the large amount of new data recently obtained for the
north-east of the Iberian Peninsula (Antolin 2013). Previ-
ously investigated sites will be included in our analysis.
The diversity of studied contexts, both waterlogged and
dry, allows the evaluation of an important factor that needs
to be considered for a reliable approach to this topic, which
is taphonomy: are all wild plants equally represented in
waterlogged sediments and in dry sites? What information
can be obtained from each type of site and what do the
numbers obtained mean in palacoeconomic terms?

Geographical, chronological and palacoenvironmental
framework

The northeast of the Iberian Peninsula is nowadays char-
acterized by its climatic and ecological diversity, with the
Pyrenees to the north, with Arctic—Alpine vegetation for-
mations and boreal coniferous woods; the coast has a
typical Mediterranean climate and Meso-thermomediter-
ranean vegetation; the sub-Mediterranean zone, between
the coast and the Pyrenees, has sub-Mediterranean woods
of deciduous trees and pine, and the western Catalan plain
has a continental climate. Barely any woods are found in
the drier areas of this region (Fig. 1).

The Neolithic period (5400-2300 cal Bc) in the north-
east of the Iberian Peninsula can be divided into three
phases: early Neolithic (5400-4500 cal Bc), middle Neo-
lithic (4500-3200 cal Bc), and late Neolithic (3300/
3000-2300 cal Bc) (based on Barceld 2008).

Abundant palaecoenvironmental data is available for this
region. In general, the percentages of arboreal pollen are
much higher in the northern coastal region, from c. 90 % in
the 6th to c. 75 % towards the 3rd millennium cal Bc. In the
central and southern coastal regions, arboreal pollen stays
between 50 and 75 % all over the sequence (Burjachs and
Riera 1996). In the coastal area north of the river Llobregat,
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Fig. 1 Region under study, location of the sites and areas mentioned
in the text

deciduous oak woods predominated during the middle
Holocene (Riera Mora 2006). However, in the southern
coastal region, a mixed woodland of evergreen and
deciduous oaks is detected from the onset of the Neolithic.
Magquis vegetation increased its significance towards the
4th and 3rd millennia cal Bc (Riera Mora 2006; Riera et al.
2007). Recently, isotopic analyses identified one particu-
larly drier phase between 4000 and 3000 Bc (Aguilera et al.
2012). The available data support a progressive climatic
aridification during the middle Neolithic period (Pérez-
Obiol et al. 2011; see a more extensive compilation of
literature in Antolin 2013).

Materials and methods

A total of 24 sites have been investigated in the region
under study (Fig. 1; Table 1). There are 18 settlement
phases from the early Neolithic, 14 from the middle Neo-
lithic, and eight from the late Neolithic. Five sites are
located in the Pyrenean region, seven in the north-eastern
sector, seven in the central coastal region, three in the
western plain and two in the southern half of the region. A
total number of 252 contexts contained one or more plant
macroremains. There were 89 for the early Neolithic, 134
for the middle Neolithic and 29 for the late Neolithic (for
an overview see Table 1; the archaeological descriptions of
the sites can be found in Antolin 2013). Only in one site,
the early Neolithic lakeshore site of La Draga, Banyoles,
Girona, were the conditions suitable for the preservation of
uncharred material, only in Phase I, for which in this paper
we will always refer to this phase when we mention the
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site. Otherwise, all remains were preserved in a carbonized
state. Most of the contexts are secondary deposits (sensu
Schiffer 1987), although some more or less in situ burnt
assemblages were recovered in two (potentially three, if
including the assemblage from Cova del Toll, in Moia,
Barcelona, the sites of Cova de Can Sadurni, Begues,
Barcelona (Antolin and Bux6 2011a) and La Draga (An-
tolin and Bux6 2011b; Antolin et al. 2014).

At least seven archaeobotanists have done analyses for
this period and they have used several sampling strategies
(Table 1; for further details on recovery techniques, see
Antolin 2013). In order to evaluate the representativity of
the soil sampling strategies carried out, the criteria devel-
oped by Jacomet and Brombacher (2005) were used.

The maximum quality (1) was given to those sites
where sampling was carried out in more than 20 locations
and different dwelling units (houses). Sites with a good
representativity (2) are those for which more than ten
locations were sampled but it is not known how many
dwelling units could have existed, or insufficient volumes
were taken. Sites with few systematic samples were
considered as having a rather good representativity (3).
Sites where only judgement samples were taken (but more
than 20) were considered as poorly representative (4).
Very poorly representative sites (5) are those for which
less than five locations or contexts with a very bad
preservation of archaeobotanical remains were sampled.
The majority of sites have a good or very good repre-
sentativity (n = 10 out of a total of 24) (Table 1). The
fact that most of the sites (n = 17) had less than 10
contexts with seed and fruit remains is because most of
these sites (n = 12) did not have archaeological features,
but rather a single archaeological layer, which was con-
sidered as one context. Therefore, even when the number
of sampled contexts is low, this does not need to affect
the representativity of the data. It should also be stressed
that the sampling strategy at many sites is considered
unrepresentative because the excavated area of the site
was small.

All in all, c. 410,000 charred plant macroremains and
25,000 uncharred items have been recovered (Antolin
2013). Around 2,700 charred wild plant seeds and fruits
were found (less than 1 % of the total) while c. 18,100
uncharred items were identified (over 70 % of the total).

For the identification of seeds and fruits, the IPAS ref-
erence collection, along with reference works (Cappers
et al. 2006), were used (Fig. 2). The nomenclature of the
taxa and the ecological groups in which they have been
classified follows the Flora Manual dels Paisos Catalans
(De Bolos et al. 2005).

Seed and fruit remains were counted and scores were
given for each type of fragment (Table 2) in order to cal-
culate a minimum number of individuals (MNI; Table 3)
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and minimize the overrepresentation of very fragmented
assemblages (Antolin 2013).

The edibility or medical properties of the taxa have been
analysed by considering ethnobotanical data from the
Mediterranean region (Tardio et al. 2006; Gausachs 2007,
2008), as well as the Plants for a Future database (www.
pfaf.org), which classifies edibility and medicinal use of
plants into rankings from O to 5. Following the work of
Colledge (personal communication), those taxa classified
as Category 3 or above were considered as edible or with
medicinal value. A total number of 64 taxa were selected
on this basis. These were represented by around 1,400
charred remains (MNI) and 5,250 uncharred ones. Eighty-
seven contexts (34.5 % of the total of contexts with seed
and fruit remains) had some remains of at least one of these
64 taxa.

Only those taxa which were either present in concen-
trations, or had been human-modified or appeared repeat-
edly in the record, either in more than 10 % of the contexts,
following Van der Veen (2007), or in more than one site
per phase, were used for quantitative analyses in order to
avoid casual finds.

Results
Early Neolithic (5400—4500 cal Bc)

Forty taxa with food or medicinal value have been identi-
fied in 22 different contexts (24.7 % of the total number of
contexts with seed and fruit remains) from 13 sites
(Table 4). The best represented ecological group in the
charred record on the basis of number of items and ubiquity
is woodland vegetation. The uncharred record from the site
of La Draga shows a different pattern, since lakeshore
plants and plants from woodland edges and clearings are
much better represented when only considering the number
of remains.

Within the group of weeds and ruderals/pastures and
grasslands, the significant presence of Chenopodium
album, with a ubiquity of 18.2 % of the contexts with wild
fruits and present in three sites, and Apium graveolens,
with relatively large numbers in one site, should be high-
lighted. Furthermore, the presence of Silybum marianum at
La Draga is noteworthy, especially because its fruits were
fragmented (Fig. 2).

Regarding the plants from woodland edges and clear-
ings, it is worth emphasising the large numbers of Rubus
fruticosus that were retrieved at La Draga, presenting some
particular concentrations within the analysed surface of the
site (Antolin 2013). Other edible fruits like Prunus spinosa
and Crataegus monogyna were also identified, though in
lower numbers.


http://www.pfaf.org
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Fig. 2 Photos of some of the identified taxa: a Taxus baccata (Cova
Fosca, Uzquiano et al. 2014); b Arctostaphylos uva-ursi (Cova
Fosca); ¢ Pinus sylvestris (Cova del Sardo); d Arbutus unedo (Cova
de Can Sadurni); e Corylus avellana (Camp del Colomer); f Silybum
marianum (La Draga); g, Beads made of stones of Prunus cf. avium

Table 2 Scoring criteria for recording the type of fragmentation for
the different taxa (Antolin 2013)

Taxa Scoring
Quercus pericarp 1 =<25
(uncharred) (mm?) 2 — 26-50
3 =>50

1 = less than half a cotyledon and
without distal or basal end

Quercus kernel (charred)

2 = less than half a cotyledon but
with distal or basal end

3 = more than half a cotyledon
Corylus pericarp (uncharred 1 = <15
or charred) (mmz) 2 = 16-50
3 =>50
1 = less than half of the grain/fruit

2 = half or more than half of the
grain/fruit

Rest of the taxa

(La Draga, Antolin and Buxd 2011b); h Pyrus malus (La Draga);
i Pyrus malus (Camp del Colomer). Horizontal scale bars = 3 mm,
vertical = 5 mm. See the location of the sites in Fig. 1 and their
chronology in Table 1; photos: F. Antolin

Among the taxa from woodland areas and maquis veg-
etation, Corylus avellana (present in eight sites and 68.2 %
of the contexts with wild fruits) and Quercus sp. (present in
eight sites and 72.7 % of the contexts with wild fruits) are
the best represented, both considering the charred and the
uncharred record. Other taxa like Pyrus malus and Prunus
avium were only identified in an uncharred state, although
there is one charred find of Prunus avium/mahaleb in Cova
de Sant Lloreng, but in somewhat lower numbers. Pyrus
malus has prolonged obovoid brownish to blackish flattish
seeds (found both in charred and uncharred state, Fig. 2)
with a finely reticulate-striate surface that gives the
impression of the presence of longitudinal stripes (Jacomet
et al. 1989, p 282; Torroba Balmori et al. 2013). Fragments
of fruit flesh (found in charred form in Camp del Colomer)
were identified by the regular and clear cell structure of the
fruit flesh and the absence of stone cells typical of other
fruits like Pyrus or Sorbus (Jacomet 2003, p 490). Besides
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Table 3 Formulae for the calculation of the MNI per taxon or type of remain (Antolin 2013). For a description of Types 1-3, see Table 2

Taxon or group of taxa

Method for counting MNI

Corylus shells (MNI)

Quercus — kernels (ch) (MNI)
Quercus — fruits (unch) (MNI)
Quercus — pericarp fragments (unch)

Quercus — bases (unch)

(Fr. type 1/2 4 Fr. type 2 + type 3)/8 + half shell/2 4+ complete shell

(Fr. type 1/2 + Fr. type 2 + type 3)/4 + complete acorns

Highest number between the pericarp fragments and bases

(Fr. type 1/2 4 Fr. type 2 + type 3)/4 + complete pericarp

(Fr. type 2/2 + full bases) (fr. type 1 are counted when no type 2 are found

and only counted as 1, no matter how many fragments)

Arbutus unedo fruits (MNI)
Cladium mariscus (MNI)

(Fr. type 1/4 + type 2)/2 + whole fruits
Fr. with tip 4 seed/fruit (fr. type 1 or without a tip are counted when

no type 2 are found, and only counted as 1, no matter how many fragments)

Rest of the taxa (MNI)

Fr. type 2 + complete seed or fruit (fr. type 1 are counted when no type 2 are

found, and only counted as 1, no matter how many fragments)

this, the stones of Prunus avium were also used to make
beads at La Draga (Antolin and Bux6 2011b; Fig. 2).

Concerning the lakeshore/riverine plants, only fruits of
Vitis vinifera var. sylvestris appeared in more than one site,
both in charred and uncharred form.

Middle Neolithic (4500-3200 cal BC)

Twenty-six taxa with edible or medicinal value were
identified from the middle Neolithic phase (4500-3200 cal
BC) in 11 sites and 58 contexts (43.3 % of the total number
of contexts with seed and fruit remains) (Table 5). The best
represented ecological groups are maquis and woodland
taxa. Large numbers of some plants from woodland edges
and clearings were found, but these were recovered in one
single site each.

Among the weeds and ruderals, the repeated presence of
Chenopodium album (17.2 % of the contexts with wild
fruits) must be highlighted, especially in Camp del Colo-
mer, Sant Julia de Loria, Andorra, where it appears with a
higher frequency. One more taxon is worth mentioning,
Solanum nigrum, which was present in relatively large
amounts.

Plants from woodland edges and clearings were proba-
bly intensively used on the sites where they were found; in
general each taxon was found on one site only. One large
concentration of stones of Crataegus monogyna was
identified at La Dou, Sant Esteve d’en Bas, Girona (Buxo
personal communication). Fragaria vesca was identified in
several samples from Camp del Colomer.

The most important and diverse concentration of fruits
from maquis with Arbutus unedo, Pistacia lentiscus and
Olea europaea was found in Cova de Can Sadurni; Pis-
tacia was identified in other sites of the western plain.
Remains of Olea were found within a funerary context at
mines de Gava, Gava, Barcelona (Buxo et al. 1991).

Concerning woodland taxa, it is of major interest to note
that three taxa (Corylus, Quercus and Pyrus malus) were

@ Springer

identified from Camp del Colomer in a charred state. They
were found in almost pure concentrations but in different
types of features. Quercus and Corylus were found pri-
marily in small pits and in larger numbers, while smaller
numbers of remains of Maloideae were found mainly in
silo-type pits (for further details, see Antolin 2013).

Regarding lakeshore/riverine taxa, Vitis vinifera
appeared in three sites, La Dou, mines de Gava and Can
Sadurni.

Late Neolithic (3200-2300 cal Bc)

The available data for the late Neolithic period are meagre.
Six taxa were identified in six sites and seven contexts
(24.1 % of the total amount of contexts with seed and fruit
remains) (Table 6). Nevertheless, the lack of archaeobo-
tanical data is an important drawback for the general pal-
aeoeconomic characterization of this period.

Discussion

Wild fruit taphonomy: charred vs. waterlogged
preservation

The charred archaeobotanical record for the Neolithic
period in the area under study is dominated by cereal
remains (99 %, Antolin 2013). Nevertheless, the results
obtained at La Draga are considerably different. Wild plant
remains, both in a charred and uncharred state, make up
45.7 % of the total assemblage. This percentage is even
higher when only taking into consideration the uncharred
record, in which nearly 75 % of the assemblage belongs to
wild fruits. When looking at the proportions of charred and
uncharred remains per taxon at La Draga (Fig. 3), it
becomes clear that the majority of remains were uncharred
and, in some cases, such as Corylus or Pyrus malus, they
were not recovered in a charred state. Given that an
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Table 4 Evaluation of the wild taxa identified in the northeast of the Iberian Peninsula for the early Neolithic period: sites and number of
contexts in which they were found and number of remains according to preservation type

5400-4500 cal. BC

o Ez . Contexts (n) Char?ed Unch.arred
15 .823%5%2 .35 5 vy
O m m O A A &~ M M O O O O
Weeds, ruderals, pastures and grasslands
Apium graveolens L. X 3 365
Atriplex patula L./latifolia Wahlenb. X 1 1
Chenopodium album L. X X X 4 2 139
Euphorbia helioscopia L. X 1 1
Galium aparine L. s.1. X 4 9 1
Hypericum perforatum L. X 3 3
Polygonum aviculare L. X X X 3 2 34
Silybum marianum (L.) Gaertn. X 1 2
Solanum nigrum L. X 1 9
Stellaria media (L.) Vill.s.l. X 2
Urtica dioica L. X 3 3
Vicia villosa Roth. X 1 1
Woodland edges and clearings
Agrimonia eupatoria L. X 1 1
Arctostaphylos uva-ursi (L.) Spreng. X 1 1
Crataegus monogyna Jacq. X 1 7
Origanum vulgare L. X 2 10
Prunus spinosa L. X 4 10
Rubus fruticosus L. agg. X X 3 13 2,157
Rubus idaeus L. X 1 1
Vicia sepium L. X 1 3
Magquis formations
Arbutus unedo L. X
Pistacia lentiscus L. X X 2
Woodland
Abies alba Mill. X 1 1
Corylus avellana L. X X X X X X X X 15 86 20
Prunus avium (L.) L. X 3 7
Prunus avium L./mahaleb L. X 1 1
Prunus padus L. X 1 1
Pyrus malus subsp. sylvestris (L.) Ehrh. X 3 11
Quercus sp. X X X X X X X X 16 81 147
Sorbus domestica L. X 1 2
Taxus baccata L. X X 2 1
Lakeshore
Alisma plantago-aquatica L. X 3 1,077
Alnus glutinosa (L.) Gaertn. X 3 11 7
Eupatorium cannabinum L. X 2 156
Mentha sp. X 3 73
Phragmites australis (Cav.) Trin. s.1. X 1 1
Plantago major L. X 2 482
Scirpus lacustris L. X 3 386
Vitis vinifera L. var. sylvestris X X 5 13 170
Aquatic
Nymphaea alba L. X 1 1
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Table 5 Evaluation of the wild taxa identified in the northeast of the Iberian Peninsula for the middle Neolithic period: sites and number of

contexts in which they were found and number of charred remains

4500-3200 cal BC

Za: D é §‘ B Contexts (n) Setrllzll;icsi
c8RESSBBEES (D
Weeds and ruderals, pastures and grasslands
Artemisia vulgaris L. X 4 12
Atriplex patula L. X 1 1
Capsella bursa-pastoris X 1 10
Chenopodium album L. X X 10 24
Galium aparine L. s.1. X X 6 10
Hyoscyamus niger L. X 1 4
Malva sp. X 1 1
Polygonum aviculare L. X 1 1
Solanum nigrum L. X X X 3 26
Thymus serpyllum L. X 2 14
Urtica dioica L. X 6 53
Woodland edges and clearings
Crataegus monogyna Jacq. X 1 216
Fragaria vesca L. X 7 181
Physalis alkekengi L. X 1 2
Rubus fruticosus L. agg. X X X 4 6
Rubus idaeus L. X 1 2
Maquis formations
Arbutus unedo L. X 2 233
Olea europaea L. var. sylvestris (Mill.) Brot. X X 4 178
Pistacia lentiscus L. X X X X 9 51
Woodland: diverse
Abies alba Mill. X 1 2
Corylus avellana L. X X X 26 63
Pinus sylvestris 1. X 1
Pyrus malus subsp. sylvestris (L.) Ehrh. X 5 18
Quercus sp. X X X X X 11 44
Riverside/wetland
Plantago major L. X 2 3
Vitis vinifera L. var. sylvestris X X X 3 5

extensive sampling has been done at the site, mainly
focused on the recovery of charred plant remains, it is
unlikely that these results are due to the representativity
of the available data. If one considers these results as a
model for the interpretation of charred assemblages, one
should conclude that single finds of wild fruits with a
clear economic use might reflect important resources in
the economy of a settlement (Jacomet 2013). For this
reason, they should be taken into consideration, especially
on the basis of their ubiquity values, rather than on the
absolute number of remains. The latter might have more
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to do with other taphonomic factors, such as the practice
of roasting. This and other taphonomic processes related
to the charring process favour the preservation of woody
fruits and seeds, as noted by other authors (Jones 2000).
As a result, the comparability between waterlogged and
dry sites remains a problem that is still not properly
solved and will be approached in an on-going project at
IPAS, funded by the SNF, called “Formation and
taphonomy of archaeological wetland deposits: two
transdisciplinary case studies and their impact on lake-
shore archaeology”.
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Table 6 Evaluation of the wild taxa identified in the northeast of the
Iberian Peninsula for the late Neolithic period: sites and number of
contexts in which they were found and number of charred remains
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Weeds and ruderals
Galium aparine L. s.1. X 1 6
Maquis formations
Pistacia lentiscus L. X 1 1
Woodland: diverse
Abies alba Mill. X 1 13
Corylus avellana L. X X 3
Quercus sp. X X X 4 6
Riverside
Vitis vinifera L. ssp. sylvestris X 2 3
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Fig. 3 Proportion of charred (ch) and uncharred (wg) remains of
some of the better represented wild taxa of the Neolithic in the
northeast of the Iberian Peninsula at La Draga (Sector D)

Wild fruit gathering: the use of different ecological
groups

Plants from ruderal areas, pastures and grasslands

The interpretation of the economic use of plants from
ruderal areas is not straightforward, since the seeds of these
plants could have arrived at the site by multiple routes (Van
der Veen 2007). At the same time, one might run the risk of
underestimating their role as food plants. Our criteria for
the selection of taxa (at the end of the methods and
materials section) led us to the consideration of some
particular taxa for the early and middle Neolithic.

First of all, Silybum marianum is the only taxon of this
group which shows potential signs of human processing

(pressing of the seeds). The seeds are in fragmented form
(Fig. 2), similar to the finds from the early Neolithic site of
La Marmotta (Lago de Bracciano, Italy; Rottoli 2000—
2001). This fragmentation could have been caused by post-
depositional processes, but it is significant that such finds
were present in both sites and the possibility that they were
used to produce oil should not be discarded. Chenopodium
album was frequently represented in our samples. It could
have been gathered for its seeds, which can be dried, par-
ched and turned into flour (Maurizio 1927). It has been
thought to be a gathered plant in many archaeobotanical
investigations of the Neolithic period in Europe (Bogaard
2004b; Jacomet 2007; Behre 2008; Bakels 2009) and its
presence in the colon contents of the some bog bodies
(Hillman 1986; Harild et al. 2007) confirms that it was
consumed in some areas during recent prehistory. Apium
graveolens was only identified in La Draga, where it was
probably growing locally. Some aerial parts, including
fruits, of this plant have medicinal value but it is not
possible to demonstrate that they could have been used for
such purposes with the available evidence. Finally, Sola-
num nigrum was also relatively abundant in our samples.
This plant is toxic and produces hallucinations, but it is
known to have been eaten fresh in recent ethnobotanical
work (Tardio et al. 2006). Solanum was identified in three
different sites in rather different contexts of the middle
Neolithic: secondary deposits in pits interpreted as result-
ing from the burning of dung (Camp del Colomer); a byre
context at Cova de Can Sadurni, and a crop-rich assem-
blage at C/Reina Amalia, 31-33, Barcelona (Antolin 2013).
Therefore, it seems that it was not intentionally gathered.

Plants from woodland edges and clearings

This group is well represented in the early and middle
Neolithic. Some concentrations of fruits were found in both
periods. Firstly, assemblages rich in Rubus fruticosus found
in La Draga could correspond to the accumulation of
excrement (see, for instance, Maier 2001). Its consumption
in a raw state was probably frequent at the site. Crataegus
monogyna was found in large numbers in one hearth at La
Dou, while some concentrations of Fragaria vesca were
identified at Camp del Colomer. They were commonly
gathered in other areas of Europe during the Neolithic
(Jacomet 2007; Kohler-Schneider 2007; Bakels 2009).
Their consumption is, consequently, very probable.

Plants from maquis and woodland
This was the best-represented group in all the analysed

phases. Two different groups were distinguished: maquis
and woodland.
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Concerning taxa from woodlands, beads of Prunus
avium were recovered at La Draga, a unique find in the
Iberian Peninsula and also very rare in later lakeshore sites
of central Europe (Hosch and Jacomet 2004). In contrast,
Corylus and Quercus are found in many contexts and sites
in all periods. Pyrus malus is also well represented in some
sites like Camp del Colomer, where it was recovered in
silo-type pits, together with other remains suggesting
human consumption, such as other edible wild fruits and
cereals (Antolin 2013). The importance of hazelnuts,
acorns and wild apples as gathered food resources in the
Neolithic of the Iberian Peninsula was already stressed by
Zapata (2000), and these are also important taxa in central
Europe, mainly in the lake dwellings (Jacomet 2006, 2007),
but also in other areas (Kreuz 2012).

Magquis vegetation becomes more evidently commonly
used from the middle Neolithic onwards, and especially in
the central coast and western plain areas. Analyses of soil
micromorphology at Cova de Can Sadurni indicate that it
was systematically used as a byre, and the preservation of
charred fruits of Arbutus, which do not need of any pro-
cessing with fire before consumption, fits well with a
context of repeated burning of dung. Fruits could have
incidentally fallen to the ground and then become charred
during one of the many episodes of burning of dung layers.
For this reason, they were interpreted at a hypothetical
level as resulting from the use of branches of Arbutus
unedo as well as Pistacia lentiscus and Olea europaea as
leaf fodder (Antolin 2013; Antolin et al. 2013). This could
only be confirmed through the analyses of dung pellets.
There is evidence of keeping livestock in caves or rock
shelters from several Neolithic sites across Europe (e.g.
Delhon et al. 2008).

Finds of Pistacia in the western plain area, recovered
from a variety of features, could be the result of the con-
sumption of the fruits or the use of the seeds for making oil.
They could also represent the frequent use of its wood as
fuel (Piqué et al. 2012).

A concentration of fruit stones of Olea was found in a
funerary context in the mines de Gava, in association with
a large amount of olive charcoal (Piqué 2010). Therefore it
seems that they were not consumed. Nevertheless, wild
olives are among the most frequent wild taxa found in the
south of the Iberian Peninsula during the Neolithic (Pérez-
Jorda et al. 2011).

Plants from the lakeshore/riverine woods
Vitis vinifera var. sylvestris was recorded in all periods but
in small numbers, which might be due to taphonomic

factors. Wild grape has been identified in other areas of
Europe as a gathered plant (Tolar Korencic et al. 2008),
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especially in southern Europe (Rovira 2007). It is very
likely that it was also collected in our region.

Wild fruit gathering: chronological differences

The presented results do not show major changes in the list
of the best-represented gathered taxa during the Neolithic
period in the region discussed, which are Quercus sp.,
Corylus avellana, Vitis vinifera var. sylvestris and Pistacia
lentiscus. However, some fluctuations can be highlighted
regarding the ubiquity of each taxon in each phase (Fig. 4).
It must be emphasized that the percentages obtained for the
late Neolithic period might have a low representativity
given the fact that the results were rather poor. P. lentiscus
has a low ubiquity in the early Neolithic but it increases
during the middle Neolithic. Quercus is very well repre-
sented in the early Neolithic and the late Neolithic, but not
so frequently present during the middle Neolithic. Corylus
is also widely represented in the early Neolithic and it
decreases towards the middle and late Neolithic. Vitis is
slightly more frequent in the early and late Neolithic,
although with relatively low percentages. The changes in
the records of Pistacia and Corylus agree with the climatic
changes during the analysed period and other palaecoenvi-
ronmental proxies (Riera Mora 2006). The progressive
drying of the climate would have contributed to the
expansion of the former in the southern half of the area
studied and the decrease of latter in the lowlands.

It is worth noting that the largest proportion of samples
with wild fruits was found in the middle Neolithic (c.
43 %), precisely the period for which more samples were
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Fig. 4 Ubiquity values of the best-represented wild taxa considering
the total number of contexts (light grey) and the number of contexts
with wild fruit remains (dark grey)
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analysed, which makes this percentage more significant.
This speaks in favour of their intensive gathering during
this phase. An important general decrease in the number of
remains recovered for the late Neolithic was observed. This
is attested for the whole archaeobotanical record and such a
decrease is also observed in other intensively investigated
areas in recent times (Whitehouse et al. 2013). Taphonomic
reasons might be behind this apparent decrease. In fact, the
similar ubiquity percentages for the early and late Neolithic
periods (around 24 %) are an indication that the decrease
during the late Neolithic is not as pronounced as one might
assume by looking at the absolute number of remains.

Wild fruit gathering: regional differences

When looking at the distribution of the archaeobotanical
finds of the most relevant taxa per zone (Fig. 5) one can
observe that large numbers of Corylus avellana were only
recovered in the northern Pyrenean and southern moun-
tainous areas. This contrasts with its low representation in
the northeastern area, where it was also present according
to pollen and charcoal data (Piqué 2005; Riera Mora 2006).
The results from uncharred remains obtained at La Draga
demonstrate that hazelnuts were consumed in the area, but
they were not found in a charred state (Fig. 3). Conse-
quently, scarcity of hazel in the record of this area might be
due to taphonomic factors, for example because hazelnuts
were not roasted, but eaten raw. Quercus sp. (probably
various species with different ecologies) presents a similar
problem. It was recovered in the entire studied region, but
large amounts were only present in the northern and
southern mountainous areas. Another such example from a
nearby region, the southern side of the central Pyrenees,
and dated to the early Neolithic (c. 5400 cal BC), can be
found in cueva de Chaves where relatively large amounts
of charred acorns were recovered (Zapata Pefia et al. 2008).
These data suggest that the small numbers of acorns which
have been found in the western plain and central coastal
areas do not correspond to the rarity of Quercus in the
environment or to the fact that acorns were not consumed,
but rather to the type of processing of this resource. Acorns
could have been consumed in other ways, raw or boiled and
ground, given that sweet varieties of acorn were available
in the Mediterranean region (Oliveira et al. 1991; Mason
and Nesbitt 2009).

Vitis was only found in the eastern region, mostly linked
to riverine or lakeshore sites. It is better represented during
the early Neolithic. Pistacia stones, along with Olea and
Arbutus unedo, which are not shown in the graphs, were
found in the central coastal area from the middle Neolithic
onwards and they were also present on the western plain.
The distribution of the sites where the consumption of
these taxa is observed seems to be restricted to the areas

29
Number of contexts Minimum number
of individuals
Corylus avellana
30 80
mEN ®MN ®LN
60
20 —
40
10 —
20
ol—.—l—-— 0
PYR  NE ¢ wp s PYR  NE ¢ wp s
Quercus sp.
30 80
60
20
40
10
20 —
0 l_-j_I_-_-_l; 0 I -
PYR  NE cc we s PYR  NE cc we s
Vitis vinifera var. sylvestris
30 60
20 40
10 20
0 IJ 0 I -
PYR NE CC wp s PYR NE CC WP S
Pistacia lentiscus
30 60
20 40
10 20
0 m = 0
PYR  NE cc wp s PYR  NE . owp S

Fig. 5 Number of contexts and MNI per taxon (charred preserva-
tion), period and region (PYR Pyrenees, NE north-east, CC central
coast, WP western plain, S south)

where they were ecologically available, which is an indi-
cation of the local uses of resources by each community.

Our results mirror on the one hand the ecological dif-
ferences between the mentioned areas and, on the other,
they also show potential economic and cultural differences,
especially in the way in which certain taxa were processed.
Given the long duration of these differences, one could
speculate that wild plant gathering strategies were locally
transmitted and maintained over generations.

Wild fruit gathering: an intensive practice
in the Neolithic?

B. Smith defines “niche construction” in small-scale pre-
industrial societies as the active participation of those
populations in the shaping of the environment to their
liking, by means of sowing wild annuals or transplanting
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perennial wild plants (more labour-intensive activities) as
well as burning wild vegetation stands (less labour inten-
sive activities) for various purposes (Smith 2011). It is our
working hypothesis that the higher or lower intensity of the
management of wild and domestic plant resources are
interconnected. The interrelation between wild plant gath-
ering and farming models has not been considered in many
studies, but there are several indicators that suggest that
some models are more compatible than others. For
instance, the example presented in the introduction for
Kizilkaya (Ertug-Yaras 1997) can only be carried out when
wild vegetation stands are close to the dwelling area. Over-
exploitation can have a negative impact on wild food
availability, for which sufficiently large woodland areas are
necessary for a sustained use of wild fruits over time. This
is less compatible with very extensive farming regimes,
which make a significant contribution to the decline in the
availability of wild foods (Bharucha and Pretty 2010).
Recent work on agroecology and food sovereignty shows
that multi-cropping intensive farming methods provide
enough food from small plots and, at the same time, make
the intensive gathering of wild fruits from well-developed
woodland more compatible (Altieri et al. 2012). This
model also results in the protection and incorporation of
wild plants into home gardens, such as Silybum marianum
or Fragaria vesca, in order to consume them as fruit,
vegetables or for medicinal purposes (Agelet et al. 2000;
Salako et al. 2014). This would make intensive farming
practices more compatible with the intensive management
of wild resources. In the framework of shifting agriculture
models, one would expect a significant impact on the type
of wild fruits gathered, given the important ecological
imprint of such practices on the woodland cover, as
observed in the modelling work carried out by Baum
(2014). Most of the gathering would have taken place in
secondary woodland, rather than in well-developed woods
(Bharucha and Pretty 2010) and it seems unlikely that such
practices were combined with the transplantation of wild
trees, for instance. Even in intensely managed swidden
fallows such as the ones known at present in southeast Asia
(Rerkasem et al. 2009), the strategies are oriented to
enhance different natural successional stages that can
provide a large diversity of wild fruits, rather than the
transplanting or sowing of wild plants. It is clear that more
work is needed for a better understanding of the interre-
lation between wild plant gathering practices and crop
husbandry. Only interdisciplinary analyses and more eth-
nographic work that combines both types of evidence can
help to disentangle this question.

In our study, edible or medicinal wild plant taxa are
present in almost all the investigated Neolithic sites.
According to their present ecological classification,
woodland and maquis vegetation were the most frequently
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used ecosystems. This would indicate that woods were
close to the villages, as indicated by pollen analyses (see
references above), and consequently, they could be fre-
quently visited, as in intensive systems. Following the
same logic of the argument, the low representation of
edible ruderal taxa might be due to the small number of
fallow or abandoned fields in the immediate surroundings
of the settlements, also as in intensive systems. Recent
archaeobotanical evaluations have presented intensive
farming (sensu Bogaard 2004a) as the most plausible
option for farming practices in the region, at least during
the early Neolithic (Antolin 2013; Antolin et al. 2014).
Alternatively, one should also consider the possibility that
ruderal plants are underrepresented in dry sites because
they were eaten as green vegetables.

Conclusions

Recent investigations have allowed a detailed approach to
wild plant gathering in the northeast of the Iberian Penin-
sula during the Neolithic. However, some periods (late
Neolithic) and areas (western plain and southern area) are
not well represented in our database, probably due to
taphonomic reasons. The charred record was found to be
quantitatively unreliable in order to establish the impor-
tance of gathered plants in the diet (sensu Hosch and Ja-
comet 2004), due to taphonomic issues that make the
number of recovered items largely unrepresentative. Nev-
ertheless, the repeated presence of certain taxa, or their
recovery in concentrations was considered useful to give
hints on the role of wild plant gathering in the economy of
the group.

Evidence of wild fruit gathering was recovered in almost
all sites and all regions. Quercus sp., Corylus avellana,
Vitis vinifera var. sylvestris and Pistacia lentiscus were the
most commonly found taxa, but other plants were also
gathered. The systematic use of woodland resources is
considered as supporting evidence for an intensive model
of management. Potential regional patterns are distin-
guished, including the practice of roasting acorns, hazel-
nuts and apples/pears, only proposed for mountain areas.
New criteria have been recently established to identify the
deliberate roasting of hazelnuts (Lopez-Dériga 2013;
Berihuete Azorin and Antolin 2014). Such an evaluation
would be of much interest for the future. Maquis vegetation
seems to have been systematically used from the middle
Neolithic onwards in the central coast and western plain
sectors.
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