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Abstract

This article presents the archaeobotanical study of Tai, a Neolithic settlement located in Languedoc, southern France. In the
western Mediterranean, the Neolithization process occurred during the 6th millennium Bc and is supposed to have induced a
fundamental change in the subsistence economy, with the development of agriculture and animal husbandry. Unfortunately,
the Neolithic farming economy is still poorly known in southern France, mostly from old archaeobotanical studies. At Tai,
soil flotation of 127 samples provided the largest dataset available for the Early Neolithic in southern France, which testifies
to the changes occurring in cultivated plants and in the subsistence economy during the Neolithic. Sampling also allowed
comparisons between the archaeobotanical record inside the cave and from the outside settlement. Naked barley and naked
wheat were the most cultivated plants throughout the Neolithic sequence. The contribution of emmer and the probable use
of opium poppy during the Early Neolithic should also be highlighted. This encourages us to reconsider the role of glume
wheats during the early stages of agriculture in the area. Einkorn was more common in the Late Neolithic, in agreement with
results from other sites in the region. Chaff remains were always underrepresented. Remains of weeds and wild fruits were
very abundant in the Early Neolithic samples from the cave. Wild plants were probably brought to the site for the tending
of domestic animals or by the animals themselves (dung, fodder and/or litter). Livestock was most probably occasionally
kept at the site.
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Introduction

In Mediterranean France, the Neolithic period lasted for
more than 3,500 years, from ca. 5800 to ca. 2100 Bc. The
Communicated by F. Antolin. economy of these societies is generally thought to have been
based on growing crops and keeping domesticated stock.
However, plant resources and cultivation practices under-
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barley and naked wheat (Marinval 1993). However most
of this information is available from sites, often in caves,
which were excavated during the 1970s and 1980s. These
sites were studied according to the methodological standards
of the time and rarely involved extensive sampling and fine
sieving. Such studies do provide information about the major
economic plants present, but make it impossible to investi-
gate cultivation practices and the specific activities related
to in situ plant processing. The same is also true for the rest
of the Neolithic period. Throughout this period, southern
France underwent important cultural, social and techno-eco-
nomic changes (Guilaine et al. 2007; Cauliez 2011; Binder
2016). It has for example been argued that during the Middle
Neolithic (ca. 4500-3500 cal Bc) the economy was often
focused on itinerant pastoral activities, while cultivation was
of secondary importance (Beeching et al. 2000). At present,
the available archaeobotanical information is not representa-
tive enough to fully reflect the changes and adaptations that
may have occurred in the farming economy through the
whole of the Neolithic.

The lack of representative archaeobotanical data is also,
and above all, attributable to the lack of integrated multidis-
ciplinary research teams and to the relatively small number
of extensive excavations with adequate sampling during the
last 30 years; this is particularly noticeable when compared
to investigations carried out on more recent archaeologi-
cal periods. Furthermore, whenever extensive excavations
and archaeobotanical sampling were carried out (mostly
for rescue archaeology), the density of carbonized botani-
cal remains in the sediment was low (Bouby and Figueiral
2014), and this probably did not encourage the development
of archaeobotanical investigations.

Cave and rock shelter sites are therefore of primary inter-
est for archaeobotanical research in the area, despite the fact
that a restricted number of such sites have been excavated in
the last years. Archaeological investigations at Tai (Remou-
lins, Gard) gave us the opportunity both to thoroughly sam-
ple the sediments of the cave for macrobotanical remains
and to have a glimpse at the adjoining open air settlement.
This paper presents the archaeobotanical data recorded from
Tai and attempts to understand how plants were used in a
Neolithic site in Mediterranean France. Of particular inter-
est was the identification of the plant resources and farming
activities during the Early Neolithic period, which are most
difficult to investigate in the region, due to the limited num-
ber of sites. After a taphonomic assessment of the assem-
blages, we also aim to investigate any changes in economic
plants and activities that may have occurred from the Early
to the Late Neolithic.
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The site under study

The Tai settlement (Remoulins) is located in the Gard dépar-
tement, about 40 km from the sea and between Avignon and
Nimes (Fig. 1). The site is positioned in one of the numerous
valleys deeply carved into the limestone plateau of Garri-
gues, opening to the plain of Remoulins. The site is at the
interface of several ecosystems favourable to human life. It
has been excavated for 10 years and thanks to the multidisci-
plinary research team, it has been possible to understand the
sediment dynamics and general topography, to reconstruct
the production system of the Neolithic communities and to
discuss the functional status of each occupation period.
The excavation took place in different sectors of the site:
in the cave, in its extension the entrance and in the open-air
area in front of the cave (Fig. 2). The different sectors do
not offer the same degree of preservation and the different
periods are not equally represented there. The history of the
site with its different phases has been investigated by field
observations, the study of artefacts and 42 radiocarbon dates
(Table 1). Five of the radiocarbon dates were directly per-
formed on individual remains of cereal caryopses (Table 2).
The earliest human occupations belong to the Early Neo-
lithic (EN) and are dated to 5270-4990 cal Bc. These layers
are well preserved in the cave (Fig. 3) and in the entrance
(about 40 m?) but have been totally eroded in the open-air
sector. However, the dwellings probably extended to the
open-air area and the cave could have been used for domes-
tic activities and as a refuse area. The Early Neolithic layers
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Fig. 1 Location of the site of Tai in southern France
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Fig.2 a Plan; b photo of the site of Tai indicating the three sectors of
the site and the areas excavated in each case

(belonging to the Epicardial culture) have been divided into
two groups (EN1 and EN2) according to the stratigraphy.
The presence of remains linked with all the technological
steps indicates a long-lasting stay of the communities at the
site. After a period of abandonment, the site was re-occupied
during the Middle Neolithic, between 4010 and 3500 cal Bc.
The Middle Neolithic layers (MN) are badly preserved in the
cave, well developed in the entrance and totally eroded in the
open-air sector. The available surface (only about 15 m?) is
therefore insufficient to understand the status and rhythms of
occupation of the site during this period. The stone-working
and pottery remains belong to the Chasséen culture. The
domestic structures are rare but a high density of burning
residues characterizes the deposits. In continuity with the
previous occupations, communities of the Late Neolithic
(LN—Ferrieres culture) settled there between 3575 and
3050 cal Bc. The layers mainly extend in the open-air area
but are also preserved in the cave and in the entrance. During
this period, it is possible to observe the complementary use
of the open-air space and the sheltered space. All the sec-
tors include domestic structures (clay and stone architecture,
pits, hearths), large amounts of material production and food
waste. The habitat seems to have been abandoned around
3000 cal Bc, but the site continued to be used for funer-
ary purposes during the Chalcolithic Fontbouisse culture.
Indeed, the cave was arranged and used to receive collective
burials for more than 300 years. At the beginning of the early
Bronze Age, the site was finally abandoned. From a general
point of view, one can say that the sediment dynamics are
characterized by an alternation of human-derived and natural
deposits, and by erosional phases. In the cave, the earliest
deposits (EN) are best preserved thanks to the protection
by the entrance. The entrance was eroded little by little and

Table 1 Human occupations and archaeobotanical sampling carried out at the site of Tal

Units Sectors Phases Activities Dates [cal Bc] Features (pits, Samples [no.] Vol total [I] Vol./sample,
hearths) [no.] mean (range)
GCl1 Cave Early Neo 1 (EN1) Dwelling 5270-5190 6 50 938 18.8 (1-60)
GC2 Cave Early Neo 2 (EN2) Dwelling  5240-4990 3 27 227 8.4 (1-21)
GD1 Cave Middle Neo (MN) Dwelling 4010-3500 3 47 15.7 (12-20)
GD2_D Cave Late Neo Ferrieres (LN1) Dwelling 3575-2900 4 40 10 (10-10)
GD2_F Cave Late Neo Ferr./Fontb. (LN2) Funerary = 3100-2500 4 58 14.5 (8-20)
GD3 Cave Late Neo Fontbouisse (LN2) Funerary 2620-2000 5 45.5 9.1 (1.5-20)
PCl1 Entrance Early Neo 1 (EN1) Dwelling 5270-5190 1 8 55 6.9 (4-10)
PDla Entrance Middle Neo 1 (MN) Dwelling 4060-3920 1 5 73 14.6 (5-20)
PDIb Entrance Middle Neo 2 (MN) Dwelling 4010-3500 5 41 8.2 (4-13)
PD2_F Entrance Late Neo Ferr./Fontb. (LN2) Funerary 3100-2500 1 8 8
PD3 Entrance Late Neo Fontbouisse (LN2) Funerary = 2620-2000 1 10 10
VD1 Exterior Late Neo Ferriéres 1 (LN1)  Dwelling 3575-2900 1 8 108.5 13.6 (5-22.5)
VD2 Exterior Late Neo Ferriéres 2 (LN1)  Dwelling 3375-3120 1 2 30 15 (15-15)
VEI1 Exterior Late Neo Ferrieéres 3 (LN1)  Rubbish ~ 3310-3050 1 4 71 17.7 (11-20)

@ Springer



20

Vegetation History and Archaeobotany (2019) 28:17-34

Table 2 AMS radiocarbon dates of cereal caryopses from Tai samples

Origin Phase Taxon Laboratory code 14C date (8p) cal Bc (20-range)
T01-M12c-d7-P12 LN Hordeum vulgare Ly-4153 (SacA-7410) 4,225+30 2910-2695
T09-L7b-d39-P90 LN Cerealia Ly-9875 (SacA32042) 4,460+ 35 3345-3015
T11-M10b-d29-P175 EN Triticum aestivum/turgidum Beta-432164 6,140+ 30 5210-5000
T04-FS43-P56 EN Hordeum sp Beta-432165 6,190+ 30 5230-5040
T02-M11c-d21-P39 EN T. turgidum ssp. dicoccon Ly-4152 (SacA-7409) 6,295 +30 5325-5215

Fig. 3 Main stratigraphic profile N M L

of the Tai cave with indication + i North

of the main phases

- A. Sterile sands

- B and C. Early Neolithic layers (hearths, pits,...). Sand, silt and clay layers. Anthropogenic

inputs are dominant.

- D. Middle Neolithic layer. Clay, silt and sandy layers. Detritic inputs are more abundant

(calcareous stones).

- E . Late Neolithic. Detritic inputs are dominant (anthropic activities diminish in the cave at

this period).

- F-G-H-I. Post-Neolithic layers. Abandonment of the cave for domestic activities.

the detritus deposits increased in the cave. From the Middle
Neolithic onwards, there are fewer signs of human activities
in the cave. The unprotected layers outside the cave were
eroded. But the Late Neolithic occupations were preserved
locally thanks to the severe erosion of the slopes, probably
under pressure from human activities, which rapidly covered
and preserved the archaeological layers.

Materials and methods

During all the excavation campaigns sediments were sam-
pled to undergo water flotation only when the risk of distur-
bance was considered low, according to field observations.
In total, 127 samples were analysed, representing 1,752 1 of
sediment.

@ Springer

Samples cover all the occupation phases of the site and
come from the interior of the cave, from the entrance and
from the settlement outside (Table 1). However, the majority
of the samples are related to the two Early Neolithic phases
and to the interior of the cave.

Sediments were processed using mesh sizes of 2 and
0.4 mm. The mineral residues, which do not float, were
sieved with a single mesh of 0.8 mm. All the fractions were
slowly dried and entirely sorted using a stereo microscope.
All plant remains were then identified according to their ana-
tomical and taxonomical origins, using scientific reference
literature and the comparison collections of modern seeds at
the archaeobotany laboratories of ISEM (Montpellier) and
TRACES (Toulouse). Plant remains were systematically
counted (NPR) and added up by sample regardless of the
mesh and residue, distinguishing entire seeds (NER) and
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fragments (NF). Minimum number of individuals (MNI) was
calculated using the formula: MN =NER + %2 NF. Botanical
nomenclature follows TAXREF (Gargominy et al. 2016).
Ecological characteristics of wild plants were described
according to Braun-Blanquet et al. (1952), Ellenberg (1988)
and Julve (2015) as regards phytosociology, and according
to Pignatti (2005) and Julve (2015) concerning autecologi-
cal values.

In order to explore the variation in sample composition, a
correspondence factor analysis (CFA) was carried out with
XLStat software. Raw counts of palacoecological remains
are highly determined by sampling and laboratory methods,
especially by sample size (Van der Veen 1992; Birks 2012).
Therefore, CFA was performed on percentage data per sam-
ple rather than raw counts. Due to their high fragmentation,
Cerealia remains were excluded from the reference sums
before calculating percentages. In order to have assem-
blages of at least 30 MNI, samples were grouped according
to archaeological structures (hearths, pits), sub-squares and
adjoining sub-layers. In order to keep as much diversity as
possible, grouping of samples was only undertaken when
strictly necessary. If small samples could not be grouped
with any other neighbouring small samples in order to reach
30 MNI, they were simply left out of the CFA or processed
as passive observations (13 samples). Only taxa recorded
in at least 5% of the samples were taken into consideration,
rare taxa being regarded mostly as providers of detrimental
noise (Van der Veen 1992). Only occasionally, and when
individual taxa could not be included due to their low seed
number, plants were grouped according to large phytosocio-
logical units, such as segetal weeds. Three taxa (Papaver,
Linum and Galium aparine) were considered as supplemen-
tary (passive) variables because their seeds were strongly
concentrated in one sample. Supplementary variables are
positioned in the plot but do not enter the computations.

Among our primary goals we wanted to describe the
variations in the preservation of plant remains and in tapho-
nomic characteristics of the samples within the site, espe-
cially between the different sectors and occupation phases.
The condition of the plant remains was evaluated by record-
ing their state of preservation and their fragmentation at
the sample level. For each sample we calculated the taxa
diversity (minimum number of identified taxa/litre), the
global density of plant remains (NPR/litre and MNI/I) and
the individual density of cultivated taxa. Regarding glume
wheats, the contribution of grain (primary product) and crop
processing by-products to the assemblages was evaluated by
the calculation of ratios between the number of glume bases
and the number of glume wheat grains (Van der Veen 1992).
Before calculating the ratios, we converted the number of
glume bases into the equivalent number of grains accord-
ing to the anatomy of each species (one glume per grain for
emmer; two glumes per grain for einkorn). For the grains we

used the MNI. The number of Middle Neolithic remains was
too restricted to allow the calculation of such ratios.

Results
Preservation and distribution of plant remains

A total of 7,590 fruit and seed remains were recovered. Most
of the material was preserved by carbonization. Only 11
mineralized seeds were recovered from the cave sector and
they were generally poorly preserved, making their identi-
fication difficult. Here we will only consider the carbonized
plant remains (Table 3).

The calculated MNI was 4,737 and the minimal number
of taxa 67. The density of plant remains in the sediments was
variable, regardless of the chronology and the spatial ori-
gin of the samples (4.73 +4.11 NPR/]; min=0, max=21.5)
(Fig. 4). The diversity of identified taxa per litre of sediment
decreased from the cave to the entrance and then to the exte-
rior sector. The lower number of identified taxa/l in the Mid-
dle and Late Neolithic samples probably only reflected this
spatial trend, as Early Neolithic material was only sampled
within the cave and Ferrieres mostly outside.

The quality of preservation of carbonized plant remains
was also variable. Seeds of cultivated plants were gener-
ally poorly preserved, especially caryopses of cereals, which
were highly fragmented and corroded. Corrosion of chaff
remains was also noticeable even if not as strongly as in the
cereal grains. On the other hand, the preservation of fruits
and seeds from wild plants was much better.

Domesticated plants

Cereal grains were to some extent over-represented due to
the large quantity of unidentifiable fragments of Cerealia
(Fig. 5). Hordeum vulgare var. nudum (naked barley), Triti-
cum aestivum/turgidum (naked wheat), T. turgidum ssp.
dicoccon (emmer) and T. monococcum (einkorn) were iden-
tified. Barley seems to be the most abundant species but
many wheat grains were poorly identified. Most of the grains
identified as barley belonged to the naked variety. Less well
preserved specimens could not be identified more precisely
than as H. vulgare s.1. Among wheat species, naked wheat
was the most common. Cereal chaff was much less abundant
than grain (3.2% of MNI) and mostly belonged to glume
wheats, especially einkorn.

Pulses were weakly represented. Many of the large pulse
seeds believed to belong to cultivated plants were frag-
mented. Lens culinaris (lentil) was identified by at least
three seeds and the identification of cf. Pisum sativum (pea)
remained uncertain.

@ Springer
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Table 3 Archaeobotanical results (MNI and Ubiquity) organized according to the main occupations phases at Tat

Units GC1/PC1 GC2 GD1/PD1 GD2/VD/VE GD2F/PD2F GD3/PD3 Total

Occupation Early Neo1  EarlyNeo2 Middle Neo  Ferriéres Ferrier/Fontb  Fontbouisse

Activity Domestic Domestic Domestic Dom/Aband  Funerary Funerary

Sector Cave/Entr. Cave Cave/Entr. Cave/Exterior Cave/Entr. Cave/Entr.

Sediment vol. (1)/samples (No.) 993/58 227/27 161/13 249.5/18 66/5 55.5/6 1,752/127

Quantification MNI  Ubig MNI Ubig MNI Ubig MNI Ubig MNI Ubig MNI Ubig MNI Ubig

Cultivated plants
Cerealia, fruit/rachis 777 56 137/1 27/1 174 10 448 18 145 5 21 5 1,702/1 121/1
Hordeum vulgare var. nudum, fruit 9 9 22 9 37 8 133 14 132 5 2 1 335 46
H. vulgare (s.1.), fruit 33 27 12 8 - - 11 5 2 1 3 2 61 43
Hordeum sp. cf. hulled, fruit 1 1 - - - - - - - - - - 1 1
Hordeum sp., rachis - - 2 2 - - - - - - - - 2 2
Triticum aestivum/turgidum, fruit/cf. 69/14 27/9 20/1 10/1 11 5 76 14 8 2 5 3 189/15 61/10
T. turgidum ssp. dicoccon, fruit/glume  81/2  22/1 6 6 - - 102 4/1 4/2 /1 - - 101/6 3373
T. cf. turgidum ssp. dicoccon, fruit 22 13 4 3 - - - - 1 1 - - 27 17
T. monococcum, fruit/glume 2/3 2/2 10 5 2/1 2/1 47/74 11/8  29/26 4/3 1/2 1/1 91/106 25/15
T. dicoccon/monococcum, fruit 5 5 - - - - - - - - - - 5 5
Triticum sp., fruit/rachis 238/4 49/3 46 22 23 6 58/1 16/1 14 4 5 4 384/5 101/4
Triticum sp. (hulled), glume 12 6 2 2 2 1 12 4 1 1 2 1 31 15
Fabaceae, cultivated 5 5 3 3 - - - - - - - - 8 8
Lens culinaris, seed/cf. 3/7 3/7 - - - - - - - - - - 3/7 3/7
cf. Pisum sativum, seed 3 3 1 1 - - - - - - - - 4 4
Vicia/Pisum, seed 9 8 2 2 - - 1 1 - - - - 12 11
Papaver som. ssp. setigerum/ 132 372 - - - - - - - - - - 13/2 3/2
somniferum, seed/cf.
Papaver sp., seed 4 3 - - - - - - - - - - 4 3

Wild fruits/forests, woodland margins
Arbutus unedo, fruit/cf. 72 7/2 - - - - - - - - - - 72 7/2
Cornus sanguinea, seed 28 18 10 8 - - - - - - - - 38 26
Corylus avellana, fruit 2 2 - - - - - - - - - - 2 2
Ficus carica-type, seed - - - - - - - - 1 1 - - 1 1
Unidentified fruit 60 26 12 7 - - - - - - - 72 33
Juniperus communis/oxycedrus, seed 165 45 32 16 - - 1 1 1 1 - - 199 63
J. phoenicea, twig - - - - - - - - 1 1 - - 1 1
Maloideae (Malus/Pyrus/Sorbus), fruit 1 1 - - - - - - - - - - 1 1
Pistacia terebinthus, seed 1 1 - - - - - - - - - - 1 1
Pistacia sp., seed/cf. 2216 11/5 -/1 -/1 - - - - - - - - 22/7 11/6
Prunus spinosa, seed/cf. -/5 -/4 1 1 - - 1 1 - - - - 2/5 2/4
Quercus sp., fruit 5 4 - - - - 1 1 - - - - 6 5
Rubus fruticosus agg., seed/Rubus sp. 12/22 9/16 -/5 -/5 - - - - - - - - 12/27 921
Sambucus ebulus, seed/S. nigra 98/2 3272 38 17 - - 5 4 1 1 - - 14272 5472
Sambucus sp., seed 31 23 7 6 - - 2 2 2 2 - - 42 33
Vitis vinifera, seed 81 37 15 10 9 4 3 1 - - 3 3 111 55

Segetal weeds
Ajuga chamaepitys, seed - - - - - - 1 1 - - - - 1 1
Asperula arvensis, seed - - - - - - - - 1 1 - - 1 1
Galium aparine ssp. spurium, seed 1 1 - - - - - - - - - 1 1
Polycnemum sp., seed - - - - 1 1 - - 1 1 - - 2 2
Raphanus raphanistrum, seed 2 1 - - - - - - - - - - 2 1
Scleranthus annuus, seed 1 1 - - - - - - - - - - 1 1
Sherardia arvensis, seed - - - - - - 1 1 - - - - 1 1
Thymelaea passerina, seed 1 1 - - - - - - - - - - 1 1
Vicia, type angustifolia, seed 1 1 - - - - - - - - - - 1 1

Ruderal weeds
Chenopodium album, seed 477 52 77 24 2 1 3 2 2 2 - - 561 81
cf. Echinochloa crus-galli, fruit - - 1 1 - - - - - - - - 1 1
Lipandra polysperma, seed 23 11 - - - - - - - - - - 23 11
Polygonum aviculare, fruit 1 1 - - - - - - - - - - 1 1
Portulaca oleracea, seed 2 2 - - - - - - - - - - 2 2
Solanum nigrum, seed/Solanum sp. 7/4 5/4 2/1 2/1 - - - - -/1 -/1 1 1 10/6 8/6
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Table 3 (continued)

Units GCl1/PC1 GC2 GD1/PD1 GD2/VD/VE GD2F/PD2F GD3/PD3 Total

Occupation Early Neol EarlyNeo2 Middle Neo  Ferriéres Ferriér/Fontb  Fontbouisse

Activity Domestic Domestic Domestic Dom/Aband  Funerary Funerary

Sector Cave/Entr. Cave Cave/Entr. Cave/Exterior Cave/Entr. Cave/Entr.

Sediment vol. (I)/samples () 993/58 227/27 161/13 249.5/18 66/5 55.5/6 1,752/127

Quantification MNI  Ubig MNI Ubig MNI Ubig MNI Ubig MNI Ubig MNI Ubig MNI Ubig

Fallows, waste places
Carthamus lanatus, fruit/cf. 1/1 1/1 - - - - - - - - - - 1/1 1/1
Chenopodiastrum hybridum, seed 8 7 - - - - - - - - - - 8 7
Galium aparine ssp. aparine, fruit 4 4 - - - - - - 1 1 - - 5 5
Galium cf. mollugo, fruit - - - - - - - - 1 1 - - 1 1
Hyoscyamus albus/niger, seed 48 25 4 4 1 1 - - - - - - 53 30
Malva sp., seed - - - - - - 2 2 - - - - 2 2
cf. Persicaria maculosa, fruit 2 2 - - - - - - - - - - 2 2
Saponaria officinalis, seed/Sap. sp. 1/6 1/6 - - - - - - - - - - 1/7 17
Verbena officinalis, fruit 5 4 - - - - - - - - - - 5 4

Grasslands, dry areas
Ajuga cf. reptans, fruit -
Bromus-type, fruit 1
Crepis sp., fruit 1
Festuca/Lolium, fruit 2

Linum cf. strictum, seed/Linum sp. 38/1 6/1 -/1 -/1 - - -/1 -/1 - - - -
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8/3 6/3
Medicago sp., seed
Medicago/Melilotus/Trifolium, seed
Plantago lanceolata, seed/type lanceol. - - 1 1 - - -/1 -/1 - - - - 1/1 /1
Poaceae, fruit/Poa sp. 18/1  15/1 3/1 3/1 - - -/2 -/1 2 2 1 1 24/4 21/3
Potentilla sp., fruit 1 1 - - - - - -
Rumex sp., fruit/type crispus 9/2 7/2 12 /1 - - 1 1 3 2 - - 14/4 1173
Silene nutans/vulgaris, seed - - - - - - 1 1
Teucrium cf. scorodonia, fruit 1 1 - - - - - - - - - - 1 1
Verbascum sp., seed 10

Wet places
Carex sp., seed 1
Cladium mariscus, seed 2
Eleocharis palustris, seed
Persicaria lapathifolia, seed
Schoenoplectus lacustris s.l., seed
Scirpus sp., seed
Thalictrum sp., seed -

Varia
Asteraceae, seed
Avena sp., seed
Amaranthaceae, seed
Cyperaceae, seed
Dicotyledon, leaf
Fabaceae, seed
Galium sp., seed
Lamiaceae, seed
Liliaceae, bulb
Polygonaceae, seed
Silene sp., seed
Vicia sp., seed
Lathyrus/Vicia-type, seed
Vicia/Lens-type, seed - - 1
Vicia-type, seed

Other carbonized remains
Rodent faeces, coprolithe
cf. Rodent faeces, coprolithe
Underground organ, individual
Unidentified, seed
Twig
Amorphous organic matter 83 25 30

Total 2,744 - 556 - 269 - 923 - 389 - 47 - 4,928 -
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Fig.4 Box-plot diagrams a) N=58 N=27 N=13 N=18 N=5 N=6 b) N=03 N=20 N=14
showing the distribution of the
archaeobotanical material in the K=9.932, DDL=5, p value = 0.077 K=4.758, DDL=2, p value = 0.093
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It was not possible to assign the seeds of Papaver som- 60 —
. . . <
mferum (poppy) élther to tl.le d(?mestlcated form (P.‘ som- Zs0f
niferum ssp. somniferum) or its wild ancestor (P. somniferum S a0k
. . . . Z.
ssp. setigerum), based on morphological criteria. The wild 30k
. . . e
poppy grows wild in the fields of the western Mediterranean, 2 0k
including the area around Tai (Julve 2016). However, as sev- g ok
eral seeds have been found concentrated around an Early _ 0 -.:..-. ) )
Neolithic pit (EN1) .alone, we consider that they are likely Cereals - grains Fruits/Trees, shrubs
to belong to the cultivated poppy. 1 Cereals - chaff === Wild herbaceous plants
mmm Pulses, Oil plants
. -]
Wild plants 2
=
E
A large number of wild plant fruits and seeds were recov- g
ered at Tai (Fig. 5). Their MNI represents 34% of the total < 0 20 40 60 80 100

assemblage and at least 60 wild taxa were recorded. Many
wild plant remains are from fruit trees and shrubs typical of
open Mediterranean evergreen oak woods (Arbutus unedo,
Juniperus communis/oxycedrus, J. phoenicea, Pistacia
terebinthus, Quercus sp.). A group of taxa with more meso-
philous preferences (Cornus sanguinea, Corylus avellana,
Prunus spinosa, Sambucus nigra, S. ebulus, Vitis vinifera)
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Percentage (MNI = 4737)

Fig.5 Representation of the main categories of plant remains in the
Tai samples
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should probably be assigned to the alluvial woods by the
river Gardon, which runs less than 1 km from the site. Under
a Mediterranean climate, mesophilous trees and shrubs are
largely restricted to the heavy soils, with good water reten-
tion, of the alluvial plains.

At least 44 wild herbaceous taxa were identified. Most of
these plants grow typically in habitats disturbed by human
activity (synanthropic) (Fig. 6). Seeds of segetal weeds were
identified only sporadically, but some are obviously related
to the weed community typical of cereals grown on calcare-
ous soils (Ajuga chamaepitys, Asperula arvensis, Galium
aparine ssp. spurium, Sherardia arvensis, Thymelaea pas-
serina). Such soils are predominant on the plateau around
the site. Scleranthus annuus and Vicia angustifolia-type, or
even Raphanus raphanistrum, are more typical components
of cereal weed communities growing on lime-deficient soils.
Around the site such conditions can be found on the sandy
alluvial soils along the river Gardon.

The most abundant wild plant remains were those from
ruderals, most particularly from one single species, Che-
nopodium album. Ruderal weeds are today encountered
in gardens, rich arable soils, vineyards and, for most taxa,
also on wasteland. Other typical ruderal plants were classi-
fied into the group of fallow fields and wasteland. Annual
nitrophilous plants (Chenopodium hybridum, Hyoscya-
mus albus/niger) are common on trampled ground close
to human habitat areas. Other taxa (Carthamus lanatus,
Saponaria officinalis, Verbena officinalis) are usually to be
found in persistent fallow areas such as abandoned arable
land, on path margins and in livestock enclosures. Another
group of taxa is associated with grasslands, mostly the com-
munities that are common on the thin and rocky soils of the

s 15
>
<
12k
z
5, 9
=
Z 6
2
g3
0
mmmm Scgetal weeds === Grasslands
=== Ruderal weeds = Wet lands
—= Fallows, Waste lands === Varia
N
)
=
<
ﬁ I]
=
=
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< 0 20 40 60 80 100

Percentage (MNI = 920)

Fig.6 Detail of the main ecological groups represented by wild her-
baceous taxa in the Tai samples

Mediterranean landscapes. However, this group is hetero-
geneous according to the ecological requirements of plants
(some are more mesophilous) and include several taxa that
are not identified to species level. Lastly, several species
belong to the wet soil communities that are often encoun-
tered in the region on occasionally flooded river banks
(Cladium mariscus, Eleocharis palustris, Persicaria lapa-
thifolia, Schoenoplectus lacustris s.1.)

Data analysis and variation in sample composition

The correspondence factor analysis (CFA) was performed
on a matrix composed of 45 active samples, 13 supple-
mentary samples, 44 active taxa and 3 supplementary taxa
(ESM 1). It allowed us to identify variations in sample
composition associated with chronological and spatial pat-
terns (Chi2 =11497.67, df =1892, p <0.0001; total iner-
tia=1.562). The first two axes accounted for 40.03% of
the total variance (Fig. 7). Axis 1 (23.8% of total variance)
strongly separated the Early Neolithic samples from those
of later periods, especially Late Neolithic (Ferrieres and
Fontbouisse). Most of the Early Neolithic samples clustered
together in the negative part of axis 1, associated with wild
plants, especially trees and shrubs and some cultivated plant
remains (grain and chaff of T. dicoccon, pulses and poppy).
All the Middle and Late Neolithic samples were situated
in the positive part of axis 1, closely associated with cereal
remains. Axis 1 therefore separates the samples dominated
by wild plant remains from the samples mostly composed
of cereal grain and chaff (ESM 2). Axis 2 (13.23% of total
variance) introduced a separation within this last group,
between samples from the cave, in the positive part, and
those from the entrance and the exterior sector located in
the negative part. Chaff remains, chiefly 7. monococcum,
contributed more importantly to the samples from the cave
while those from the entrance and exterior were associated
with cereal grain (unidentified cereals, barley, naked wheat
and einkorn).

Even when considering additional axes it was not pos-
sible to recognize any structure beyond these three groups:
(1) Early Neolithic samples from the cave, (2) Middle and
Late Neolithic samples from the entrance and the exterior,
(3) Late Neolithic samples from the cave.

Discussion

Taphonomy and composition of the assemblages
Physical and chemical characteristics of plant remains can-
not account for the differences of preservation reported in

our plant spectra, between taxa, plant organs and sectors of
the site. Experiments have shown that cereal grains resist
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samples according to main archaeological periods; b plot of samples

Full names of plant taxa (Fig 6¢)

Cer: Cerealia

Hor c: Hordeum vulgare Grain
Trit(naked): Triticum aestivum/turgidum
Tdico: Triticum turgidum subsp. dicoccon
Tmon: Triticum monococcum

Trit_sp: Triticum sp.

Lens: Lens culinaris

Fab_sat: Fabaceae sativa

Hord_c: Hordeum vulgare Chaff
Tdico_c: T turgidum subsp. dicoccon Chaff
Tmon_c: Triticum monococcum Chaff
Tsp_c: Triticum sp. (hulled) Chaff
Coryl: Corylus avellana

Arb: Arbutus unedo

Cornu: Cornus sanguinea

Frui: Unidentified fruit

Juni: Juniperus communis/oxycedrus
Pista: Pistacia sp.

Prun: Prunus spinosa

Querc: Quercus sp.

Rubu: Rubus sp.

Samb: Sambucus sp.

Viti: Vitis vinifera

Seg weed: Segetal weeds

Che_al: Chenopodium album

Lip_po: Lipandra polysperma
Rud_weed: Ruderal weeds

Sola: Solanum sp.

Che_hy: Chenopodium hybridum
Hyos: Hyoscyamus albus/niger
Fallow: Fallows, Waste places

Sapo: Saponaria sp.

Verb: Verbena officinalis

Grassland: Grasslands, Dry areas
Fab_small: Small seeded Fabaceae
Poac: Poaceae

Rumx: Rumex sp.

Verba: Verbascum sp.

Carx: Carex spp.

Cladiu: Cladium mariscus

Per_la: Persicaria lapathifolia

Scirp: Schoenoplectus/Scirpus
Gal_ap: Galium aparine

Gal: Galium sp.

Vic_typ: Vicia type

Pap: Papaver somniferum/Papaver sp.

Linu: Linum sp.

according to the sectors of the site; ¢ plot of the taxa
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charring better than chaff (Boardman and Jones 1990) and
that larger elements, such as cereal grains and pulse seeds,
resist better than small seeds, such as those from weeds
(Mirkle and Rosch 2008). Therefore, the better preservation
of wild plant remains than cereal grains at Tai is likely to
result from differences in the conditions of their carboniza-
tion and/or in the depositional processes.

Preservation conditions seemed better in the cave than
in the exterior sector. For example, carbonized remains of
fleshy fruits, fruit flesh and occasional fruit flesh still adher-
ing to fruit stones and pips (Juniperus sp., Rubus sp.) were
reported only in the samples from the cave. The existence
of a gradient in preservation quality from the cave to the

Table 4 Calculation of the ratio of caryopses to glume bases for
emmer and einkorn for each major period (EN Early Neolithic, MN
Middle Neolithic, LN Late Neolithic)

Periods Sectors LN
EN MN LN Cave/Entr Exterior
Original data (MNI)
Caryopses
Triticum 104 11 89 36 53
aestivum/turgidum
T. turgidum ssp. dicoccon 113 0 15 10 5
T. monococcum 12 2 77 38 39
T. dicoccum/monococcum 5 0 0 0 0
Triticum sp 284 23 77 35 42
Glumes
T. turg. ssp. dicoccon 2 0 4 2 2
T. monococcum 3 1 102 89 14
Triticum sp. (hulled) 14 2 15 14 1

Standardization of the numbers of caryopses and glume bases (1)

@)

Caryopses

T. turgidum ssp. dicoccon 259 0 22 14 8

T. monococcum 28 6 110 54 56
Glumes

T. turgidum ssp. dicoccon 8 0 5
T. monococcum 6 2 58 51
Ratios glumes bases/caryopses
T. turgidum ssp. dicoccon 0.03 0.00 0.23 0.21 0.25

T. monococcum 0.21 0.33 0.53 094 0.13

Concerning the Late Neolithic only the various sectors are distin-
guished. (1) According to the proportion of a hulled wheat species in
the plant remains identified at species level, the same proportion of
the remains identified with less precision is added to it. For example:
considering that emmer represents 50% of the caryopses identified at
species level, 50% of the MNI of Triticum sp. is additionally allocated
to this species (2) The number of glume bases is converted into the
equivalent number of caryopses according to the particular anatomy
of the species. For example, in the case of einkorn the standardized
number of glumes (7. monococcum + Triticum sp. glumes) is divided
by 2 as there are usually 2 glumes per caryopsis in einkorn spikelets

exterior sector could account for the parallel progressive
decrease in taxa diversity.

Most of the chaff remains at the site come from hulled
wheats. We saw here that chaff remains had a different dis-
tribution in the samples than cereal grain. The contribution
of primary product (grain) and crop processing by-products
to the constitution of the assemblages can be studied by the
calculation of ratios between the number of glume bases and
the number of glume wheat grains (Table 4). In Tai these
ratios were clearly less than 1 for the Early and Late Neo-
lithic, suggesting the global predominance of clean grain.
Dehusking by-products were present but were of restricted
importance in all the archaeobotanical assemblages. There
were more however from the Late Neolithic, especially in
the cave/entrance area and from einkorn.

The density of cereal grains in the sediment increased
through time. This is especially striking as regards einkorn
(Fig. 8). The calculation of the Mann—Whitney test indicates
a significantly higher density in Late Neolithic than in Early
Neolithic samples (U=648.5, p<0.0001). A similar pattern
was observed for barley (U=510.5, p<0.0001) and even
naked wheat (U=870, p=0.014). The situation is similar
when we consider chaff remains instead of grain (Fig. 8).

The diversity of cultivated plants seems less during the
Middle and Late Neolithic than in the earlier period, as
poppy is no longer present and remains of pulses are very
scarce. It is however not clear how significant this observa-
tion should be considered, as more Early Neolithic samples
were studied and preservation conditions were better in the
cave.

Farming activities

Considering the small number of sites studied so far and the
lack of regionally representative archaeobotanical data, it
becomes evident that the very significant sampling carried
out at Tai provides a decisive contribution to the knowledge
of agricultural resources during the early Neolithic in
southern France. Cultivated plant remains were recorded at
all periods and in all sectors. The density of cereal grain
remains in the sediment seems to increase with time (Fig. 8).
Comparison between Early Neolithic and Late Neolithic
samples using a non-parametric Mann—Whitney test shows
that the density of caryopses was significantly higher in the
Late Neolithic sediments (U=765, p=0.002). This could be
evidence of either an increasing use of cereals in the exca-
vated areas of the site, or of changes in processing activities
implying increased contact with heat and/or fire.

On-site farming activities are nevertheless poorly doc-
umented, given that mostly cereal grain was recovered in
comparison to chaff. Does this mean that the grain was
grown elsewhere and brought to the cave in the form of
a cleaned product? The under-representation of chaff is a

@ Springer
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rather common feature in Neolithic sites and several expla-
nations have been put forward (Jones 2000; Jones and
Rowley-Conwy 2007; Bishop et al. 2009; McClatchie et al.
2014): (1) chaff resists high temperatures during carboniza-
tion less than grain, (2) cereal processing can be done in bulk
after the harvest, restricting the opportunities for chaff to be
carbonized compared to household day-to-day processing
(this is especially true for free-threshing cereals), (3) cereal
processing can be done outside of the dwelling area and (4)
chaff can be used for animal fodder or in building material,
restricting its chances of being carbonized. Another valu-
able hypothesis to explain the scarcity of carbonized chaff
remains considers that crop processing could have been
done on a small scale in Neolithic settlements, without prior
parching of spikelets, which would also have reduced the
possibilities of carbonization (Antolin 2016).

@ Springer

On the one hand, chaff remains found at Tai belong above
all to glume wheats. Chaff remains of free threshing cereals
are limited to two rachis segments of barley. Naked wheat is
totally absent, although it is the most abundant wheat spe-
cies when it comes to grain. Therefore, our remains rep-
resent mostly rubbish from cleaned products, typical of
the last steps of crop processing sequences. This does not
mean that arable fields were not close to the site and that
the crop processing was not done at the site. We will later
on discuss further evidence for local cultivation in the light
of the presence of potential arable weeds at the site. There
are several reasons why chaff of free threshing cereals may
be even more heavily underrepresented than glume wheat
chaff. Of course processing of free-threshing cereals may
have been done in other parts of the site that have not yet
been excavated. Processing of naked cereals is usually done
in bulk after threshing and therefore outside of the dwelling
places. This reduces considerably the chances of chaff from
naked cereals to become carbonized. Furthermore it is even
less resistant to carbonization than glume bases of hulled
wheats (Boardman and Jones 1990). As a consequence, the
rarity of free threshing cereal chaff is a common feature in
pre- and protohistoric dry settlements of southern France.
In 104 sites ranging from the Late Bronze Age to the end of
the Roman times, free threshing cereal chaff was better rep-
resented than naked cereal grain in only 17 samples from a
total of 199. Most strikingly, 14 of these samples came from
waterlogged assemblages, where carbonized naked cereal
chaff preserves better than in more aggressive dry sediments
(Bouby 2014). Consequently free threshing cereals could
easily have been processed close to Tai without leaving any
trace in the archaeobotanical record.

On the other hand, dehusking by-products of glume
wheats were identified in all periods, but these were always
under-represented compared to cereal grain; this is also true
for the Late Neolithic when an increase of glume bases is
detected. This is maybe more surprising because in non-
mechanized agrarian societies still cultivating glume wheats
today, dehusking is usually done day-by-day, according to
needs related to food preparation. This would increase the
chances of finding glume wheat chaff in archaeological sites,
as is common in contemporary LBK sites (Kreuz et al. 2005;
Kreuz and Marinova 2017; Salavert 2011). But processing in
bulk during summer can also be done in areas with dry sum-
mers (Hillman 1984), such as Languedoc, and this would
reduce the chances of glume wheat chaff to reach the site.
In our opinion, the scarcity of chaff cannot be used in this
case to argue that crops only arrived as clean products at
the site. Unfortunately, no in situ burnt stored material was
recovered.

Spatial variability in crop processing activities should
especially be considered in the case of Tai, as only a section
of the site was investigated. For that matter, Early Neolithic
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occupations could only be excavated in a small area of the
cave when we know that the site extended outside. However,
Late Neolithic chaff was also under-represented in the set-
tlement outside the cave.

There is a strong discrepancy between the scarcity of
chaff remains and the abundance and diversity of poten-
tial weed seeds. It is therefore uncertain that on-site crop
processing was in that case a major route of entry of the
potential weed seeds in the deposits. In any case, the strong
representation of wild taxa from synanthropic communities
may be considered as evidence of the existence of cultivation
activities around Tai. Most of the seeds were from ruderal
plants, but segetal weeds were also recorded for each main
period of occupation.

Origin and significance of wild plant remains

The diversity and abundance of wild plant remains raises
questions about their origins. As in all Neolithic sites, sev-
eral pathways and activities could explain the presence of
charred seeds of wild plants.

Of course, wild plant fruits and seeds could have been
collected for human food. Most, if not all the fruits identi-
fied at Tai are known to be edible (Couplan 1983). Several
herbaceous seeds could also possibly have been consumed,
especially the seeds of Chenopodium album, which make
up 61% of the total number of wild herbaceous taxa. Strong
hints exist for the consumption of C. album seeds in several
European Neolithic sites (Bogaard 2004). One species is
of special interest, Carthamus lanatus, which is a ruderal
plant rather common on Mediterranean, dry, calcareous
soils. While it is quite rare in archacobotanical assemblages
it has been recorded in two other Early Neolithic western
Mediterranean sites, la Marmotta, in central Italy (Rot-
toli and Pessina 2007), and La Draga, in Catalonia, Spain
(Antolin 2016). The abundance of the seeds at la Marmotta
and the record of wild Carthamus seeds at Pre Pottery and
Neolithic sites in eastern Europe and in the Near East led to
the hypothesis that wild Carthamus could have been used
in the same way as the later domesticated species C. tinc-
torius, especially as a dye and as an oil plant (Rottoli 2002;
Marinova and Riehl 2009).

However, many of the wild plant seeds recorded at Tai
are not recognized as edible. Wild plant remains were gener-
ally better preserved than cereals and pulses, which shows
that they followed different pathways during carbonization
and formation processes. Their collection as human food
does not seem to be a better explanation for their presence
than crop processing activities, to justify the importance and
diversity of wild plant remains.

Of course, many other activities could explain the
presence of one or other taxa. But they can only partially
explain the wild plant record. The fact that wild fruits

and herbaceous plants were both strongly recorded follow-
ing a similar pattern, with a strong representation in the
Early Neolithic layers, is consistent with the hypothesis
that their representation was the result of one main single
process. Only a connection to animal husbandry activities
seems likely to justify the carbonization of such abun-
dance of wild plant fruits and seeds. This explanation is
supported by data from Neolithic circum-alpine lakeshore
settlements where the excellent waterlogged preservation
conditions have provided evidence of large quantities of
wild plant remains entering the sites via animal dung, fod-
der or litter (Rasmussen 1993; Kiihn et al. 2013). Leaf-
foddering has been recognized in several Neolithic caves
(the so-called “grottes-bergeries”) in the southern margins
of the Alps and Massif Central (Thiébault 2005; Delhon
et al. 2008; Martin 2014). Many of the most common wild
fruits and seeds in the dung layers of la Grande Rivoire, a
rock shelter in Sassenages, Isere, are also abundant at Tai
(Chenopodium sp., Cornus sanguinea, Corylus avellana,
Galium sp., Rubus sp., Sambucus sp.). Fruits of Mediterra-
nean species such as Arbutus unedo and Pistacia lentiscus
were also recorded at Can Sadurni (Begues, Catalonia),
in the Middle Neolithic layers when the cave was used for
animal stabling, and interpreted as remains of leaf fodder
(Antolin and Jacomet 2015). In the Languedoc region, the
analysis of goat /sheep dung from Late Bronze Age lay-
ers of la Fangade (Séte, Hérault) showed that the animals
had eaten leaves of Juniperus phoenicia and seeds of sev-
eral other plants, for example Chenopodium sp., Pistacia
sp. and Rubus sp. This suggests that people brought leafy
branches of evergreen Quercus, Juniperus and Pistacia
lentiscus to the settlement to be used as fodder and/or litter
(Chabal et al. 2010; Bouby 2014).

At Tai the carbonization of seeds and fruits from ani-
mal food or litter could have been either intentional, if for
example dung was used as fuel or dung accumulations were
destroyed by fire, or unintentional, if for example hearths
were situated in areas containing plentiful dung or fodder/
litter remains. The use of dung as fuel can lead to the char-
ring of many wild seeds (Anderson and Ertug-Yaras 1998).
At Tai numerous charcoal fragments were found, testifying
to the use of wood as fuel. Ethnographical and archaeologi-
cal studies show that burning of animal dung was regularly
practised at sites where animals were intensely penned (Bro-
chier et al. 1992).

No evidence of an in situ burnt layer of dung has been
found in the cave of Tai. In any case, due to the small size
of the cave and the grouping of several structures (storage
pits, large hearths) in this small area, penning of the animals
directly inside the cave is unlikely. They were more probably
kept outside, close to the cave. However, sedimentological
and micromorphological studies give evidence of the pres-
ence of burnt animal dung and coprolites in the sediment
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matrix of several hearths and ashy layers in the cave (Sor-
doillet unpublished).

Whether of intentional origin or not, charring of wild
seeds and fruits when embedded in a dung and/or sedimen-
tary matrix could explain the good preservation of these
remains compared to cereals and pulses. This has also been
noticed in Neolithic sites in the Iberian Pyrenees (Antolin
et al. 2017). The collection of leaf-fodder or litter could
also explain the presence of entire fruits in the sediments.
According to the taxon and the cutting season, branches
can carry leaves and fruits at the same time. For several of
the taxa identified at Tai the fruits stay for a long time on
the trees, which would favour their collection when leafy
branches were cut. This is especially true for Juniperus
cones, Arbutus berries or even Pistacia fruits. Furthermore,
some deciduous taxa, such as Cornus sanguinea, Prunus
spinosa, Rubus spp. and Sambucus spp., can keep their
fruits, and even their leaves, for some time in autumn and
early winter.

During historical times, evergreen trees were very often
cut to provide litter for the cattle in the Mediterranean area
in general (Moriceau 1999). Even juniper, which is well
represented at Tai, can be collected and used as leaf fodder.
Examples from North Africa show that leaf fodder can be
collected from Juniperus phoenicia and J. oxycedrus to be
given to goats and occasionally to sheep. J. communis is less
palatable but can nevertheless also be used for goats (Le
Houérou 1980). In this area, J. phoenicia, J. oxycedrus and
oaks are conspicuously used as animal fodder (Bourbouze
and Donadieu 1987).

Although fruit remains most probably represent remains
of leaf fodder collected by people to feed their animals at the
site or for their litter, they could also have been directly con-
sumed by the animals around the settlement. Grazing and/or
browsing seem, on the other hand, the most likely explana-
tion for the presence of wild herbaceous plant seeds in the
site, as the droppings of domestic animals would sooner or
later be in contact with fire. According to the taxa recog-
nized in our study, animals would have grazed or browsed in
different areas: typical Mediterranean dried grasslands, wet
land along the river Gardon and above all in ruderal places
around the site, in fallows and harvested fields. However,
these same areas could also have been used for the collection
of fodder. Before the mechanization of agriculture, fodder
was still regularly collected in the Pyrenees and in Langue-
doc along paths and from animal enclosures (Chevalier
1956; Durand-Tullou 1972).

Seasonality of agro-pastoral activities and Early
Neolithic human occupation of the site

If we accept the hypothesis that the Early Neolithic inhab-
itants of Tai cultivated their own crops, this implies that
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they occupied the site at various seasons of the year. People
were there during summer for the harvest, and probably also
during the autumn for the sowing of winter cereals, which
fits with the identification of autumn-sown segetal weeds.
The numerous ruderal spring-sown weeds indicate tilling
activities in spring. Some plants could have been sown in
spring, especially opium poppy or pulses. Growing of rud-
eral spring weeds could also have been favoured by the hoe-
ing and weeding at that season of cereal fields sown during
the previous autumn.

The presence of several fruits that stay for some time
on the trees after summer suggests that pastoral activities
took place around the site in autumn or even early winter.
Leaf fodder was probably cut and/or eaten by animals during
the cold season. Recent traditional pastoral practices from
Greece and Morocco included the collection of leaf fodder
principally in late summer or autumn to feed the animals in
winter, because needs for fodder are less pressing during
spring, cutting of branches is less detrimental to trees in
autumn, already fairly dried leaves store better, and young
leaves can cause digestive problems to animals (Bourbouze
and Donadieu 1987; Forbes 1998; Halstead 1998).

If we consider that many of the ruderal weeds probably
come from fallows and harvested fields, this would point to
browsing by the animals around the site at the end of sum-
mer or during the autumn.

In the end, the archaeobotanical results let us suppose
that the Early Neolithic farmers were probably occupying
the site all through the year. This is in agreement with many
other observations made at the site (Manen et al. 2004, forth-
coming). The multi-disciplinary studies do not show any
crafting or economical specialization, but on the contrary, a
wide range of activities comparable to those observed in per-
manent open air settlements. Storage pits give evidence of
long-term storage in the site. The faunal remains show that
the subsistence economy was strongly based on domestic
animals. The entire sequence of activities, from slaughtering
of the animals to the consumption of meat, took place at the
site (Vigne et al., unpublished).

Chronological changes in cultivated plants

The range of cultivated plants identified at Tai is largely
similar throughout the full occupation of the site, at least as
regards cereal species. The CFA however allows detection of
some changes in the proportions of the main species which,
for a large part, mirror wider regional economic patterns.
In the Early Neolithic samples, the significant role of
naked wheat and naked barley is in total agreement with
what is already known of the Cardial/Epicardial agriculture
in southern France (Erroux and Courtin 1974; Marinval
1993). On the other hand, the substantial contribution of
emmer and the record of einkorn at Tai are more unexpected,
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as hulled wheats were traditionally regarded as having
been of minor importance and restricted to Epicardial sites
(Marinval 1993). We should however bear in mind that plant
macrofossil data on the Early Neolithic are still scarce in
southern France and largely provided by old studies. As a
result, the traditional picture of early agriculture is prob-
ably not very accurate and the role of hulled wheats may
have been underrated. It has recently been shown that hulled
wheats were of primary importance at Impressa culture
sites, in the very early Neolithic of Mediterranean France,
in agreement with the Italian tradition, where Impressa
colonists came from (Marinval 2007). For the moment, the
agriculture of the Cardial is better known in Spain than in
France. From a general point of view, the main cereals in
Spain were naked wheat and naked barley, while hulled
wheats and hulled barley were locally significant, as for
example at the earliest Neolithic sites of the Valencia area,
in the Soria area, high Ebro basin, or on the central and
southern Catalan coast (Zapata et al. 2004; Antolin et al.
2015; Antolin 2016; Pérez-Jorda et al. 2017). Most likely
the spatial variability was comparable in southern France.
Hulled wheats probably did not disappear after the Impressa
phase, but their role became secondary and more variable,
according to patterns that cannot be identified today.

In the Early Neolithic samples from Tai, together with
cereal remains, were also found seeds of poppy and pulses.
The probable presence of cultivated poppy in our site is
of special interest because it had never been identified in
southern France as early as the Early Neolithic. This should
not however be regarded as a surprise. In fact, the west-
ern Mediterranean area is home to Papaver somniferum
ssp. setigerum, the wild progenitor of opium poppy, and is
the probable zone of its domestication (Bakels 1982). In
actual fact, P. somniferum ssp. setigerum/somniferum is
well known from several Early Neolithic sites in the area.
In Spain, it is reported at least as early as 5300 cal Bc, espe-
cially at the Cueva de los Murciélagos de Zuheros (Cérdoba
Province, Andalucia), at Meseta sites in central Spain and at
la Draga, in Catalonia (Pefia-Chocarro 1999; Antolin 2016;
Pérez-Jorda et al. 2017). The presence of poppy in central
Italy, at la Marmotta, could even be more ancient (Rot-
toli and Pessina 2007). From cal 5200 Bc onwards, poppy
became common at many sites in the Linearbandkeramik
area (Salavert 2011), which probably indicates very early
contacts and exchanges between the Cardial/Epicardial
and Linearbandkeramik areas. These exchanges could have
occurred through the Rhone valley, major North—South cir-
culation axis of western Europe, running less than 15 km
away from Tai.

The scarcity of seeds of pulses at Tai and the species
identified (Lens culinaris and cf. Pisum sativum) are in good
agreement with the general situation in western Europe
(Antolin 2016). In the western Mediterranean, remains of

pulses are only numerous and diversified at some specific
sites, such as Sammardenchia-Cueis in northern Italy (Rot-
toli and Pessina 2007), or maybe in southern Spain (Zapata
et al. 2004).

As expected, the limited area excavated from the Middle
Neolithic at Tai provided only restricted information on cul-
tivated plants. It is therefore unrealistic to expect to identify
any differences between the two Middle Neolithic phases.
Cultivated plant remains are still dominated by naked barley
and naked wheat grains, together with a lower proportion of
einkorn, represented by caryopses and glume bases. This
is representative of the wider situation in southern France,
where naked barley is of special importance (Marinval 1991;
Martin et al. 2016). In France more generally, naked cereals
are especially favoured during the first half of the Chasséen
culture (4400—4000 cal Bc), while the role of glume wheats
increased during the second part of the period (Martin et al.
2016). At Tai this increase can be perceived only in the Late
Neolithic samples. The growing importance of einkorn is
actually the most prominent feature for this period. Again
for the Late Neolithic, the results from Tai largely mirror the
more global situation in southern France, with a clear preva-
lence of cereal remains over other cultivated plants. Naked
barley, naked wheat, emmer and einkorn are often associated
in the sites, in variable proportions. Naked barley, however,
is probably the most common cereal in the region. The cul-
tivation of this cereal was a lasting and strong tradition in
the Neolithic of southern France. For the moment, there is
no evidence in the area of a change towards hulled barley,
which took place later, during the Bronze Age, in contrast
to what seems to happen in north-eastern Spain at the same
period (Antolin et al. 2015). The prevalence of einkorn over
emmer has already been reported in certain Middle Neolithic
sites in south-eastern France, but it seems more widespread
during the Late Neolithic. It has been mentioned at various
Late Neolithic sites, but without a clear spatial pattern and
the reasons for the choice of einkorn over emmer remain
unclear (Bouby et al. 2017).

Conclusions

The site of Tai offers one of the most important Neolithic
archaeobotanical datasets in Mediterranean France, espe-
cially when we consider the Early Neolithic period. Even
if a large part of the information deals with this period, the
site also provided the opportunity to investigate the changes
in economic plants occurring until the Late Neolithic. For
this last period, it was also possible to compare the results
obtained from inside the cave and from the area outside it,
which helped us to better understand the role of taphonomy.

The by-products of crop processing were underrepre-
sented in comparison to grain in all periods. Nevertheless, the
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evidence from weeds indicates that agriculture was probably
practised close to the site. In the Early Neolithic samples a
strong taxonomic diversity and a large number of remains
of wild herbaceous plants and wild fruits was recorded. We
believe that most of these wild plants were brought to the set-
tlement by people for the tending of livestock (leaf fodder,
litter) or by the animals themselves (dung). Therefore, animals
were most probably penned at the site, maybe near the cave
entrance. Considering the list of identified taxa we can argue
that the animals were fed at the site during the summer and
autumn/winter. All things considered, the site was certainly
occupied permanently throughout the year during the Early
Neolithic.

The range of cultivated plants stayed largely the same from
the Early to the Late Neolithic. The substantial contributions
of emmer as well as the presence of einkorn and probably of
opium poppy during the Early Neolithic are especially note-
worthy. This raises new questions about the role of glume
wheats in the region. Their contribution was probably variable
in time and space while plant cultivation was dominated by
naked cereals. Data is limited for the Middle Neolithic, but cul-
tivated plants were still dominated by naked wheat and naked
barley. In the Late Neolithic, the density of cereal remains in
the sediments was higher, whereas the proportion of einkorn
increased sharply, in agreement with what has been observed
in other Late Neolithic sites in the region. The example of Tar
shows the good potential of regional cave sites for archaeo-
botanical investigations, provided an extensive and adapted
sampling procedure is applied. It shows the better preserva-
tion of carbonized plant remains in cave sediments than in the
exterior adjoining settlement.

The Early Neolithic assemblage from the cave was espe-
cially rich, most probably due to the bringing in of plants in
connection with livestock, even if other activities were also
concerned. However, due to the restricted area available for
excavation in the cave and to the impossibility of investigating
the Early Neolithic levels in the outside settlement, it is diffi-
cult to understand in detail the activities carried out at the site.
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