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Abstract

This dissertation presents the results of archaeobotanical investigation into the Chasséen cave of Trou
Arnaud (Diois) (c.4460040 BC) within the context of Neolithic core crop varietgrid around the
Alpine landscapeCereal and legume cropsere staples of the Neolithic subsistence economy across
western Europe, essential to human diet and livestock management. However, despite the
widespread importance ajrains ancpulses agricultural practicesvere heterogenous andore crop
preferences werevariable, fluctuating based on cultural, socioeconomic, and environmental
influences. This diversity was especially pertinanbund the Alps. Particularly focusing on the
adaptationof agrarian strategyn marginal miemountain environmeris, this dissertation aimed to
understand the causes ofdiversity in Neolithic core crop packagesBroadscale variation was
identified through a spatial analysis of existing crop macrofossil data fieemcircumAlpine
landscapewhile a reassessment @rchaedotanical macrofossils from Trou Arnaadtedas a case
study into the role of crops onPrealpine agropastoral caves during the Chassédthough
preferences towards certain cromgpears partly culturally influenced, agricultural strategies were
adapted tomaximise resiliencand ensure reliable yields withithe challenging environmental and
climatological constraintof the Alps Inner Alpine sites often diverged from the practices of
contemporaneoudowlandgroups, preferring hardier, more adaptable crops. Trou Arnaud presented
a good example of this adaptation. While a predominanceHofdeum vulgareand Triticum
aestivum/durum/turdigumwas characteristic of contemporaneous Chasséen sites in southern France,
glume wheats, particularlifriticum monococcumwere most significant at Trou Arnaud. This was
perhapsin response to the harsh environmental conditions experienced in the Diolading late
frosts, strong winds, irregular precipitation, and the poor soil quality of the limestone slopes. Although
the primary function of the cave remains enigmatic, a reliance ugopsby Prealpine communities

is highlighted, and the iregration of groups occupyingnarginal environments withithe Chasséen
agropastorakconomyis supported.
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Introduction

1.1. Aims and objectives

Advances in Alpine archaeology hanighlighteda complex dynamic between Neolithagricultural
communitiesand the unpredictable and demandirigndscapeof the Alps Throughincreasingly
accurate climatological data, land cover modetgtope and aDNAanalysesof human and animal
remains alongsidetraditional archaeologicaksearchNeolithic communities are understood to have
engagedwith the environmentdiversely Mountain environmentsinfluencedsubsistence strategy,
the exploitation of natural resources, attte movementof people, ideasand material culturéWalsh

& GiguetCovex, 2019)However,the role of cros in past Alpine economielsas historically been
understudied particularly in the southern and western Alps in which archaeobotanécahins are
less commonThe question of crop cultivation within mitgh mountain climates remains especially
uncertain. Thus, further study intcagricultural systems isecessary to develop a more holistic
understanding othe influence of marginal environmenis Neolithic lifeways and the development
of farming. This dissertation aims taxplore the relationship betweenthe dynamic Alpine
environment andNeolithicvariabilityin agricultural practicesn a regional scalexploring spatial and
temporal trends inexistingcrop data from the western Alps, and localtiirough a case study of
Middle Neolithic agropastoratrategy at Trou Arnad, a midmountain cavewithin the Diois Prealps.
This was achieved via the following research question and objectives:

Research Question

1 To what degree did the environmental conditions of the Alpine landscape contribute towards
variation in cropassemblages during the Neolithic in and around the western Alps?

Objectives

1 SO1To synthesise current archaeobotanical knowledge from the western Alpine region
through the creation of maps in ArcGIS Pro, to identify spatial and temporal trerwtepn
package variation and agricultural strategy throughout the Neolithic.

I SO2:To analyse archaeobotanical data from TAmwnaud through the examination of
macrofossils and subsequent identification of taxa, leading to a critical assessment of the
charadger of agropastoral practices, humamvironment interaction, and the socioeconomic
role of crops in the Diois.

I sS03:To integratearchaedotanical analyses from TreArnaud into the contextof the
western AlpineChasséen agropastoral economy investigate variety in farming practices
based onsite function, seasonalityand the relationship betweenagricultural landscape
exploitation and altitude

9 SO4:To interpret these dataset® examine the influence oflpine landscapes upon the
developmentand adapiation of Neolithicagriculture,economy, andtultural identity.



1.2. Background to the study and rationale

1.2.1. Background to Trou Arnaud

{AlGdzr GSR 6AGKAY (KS RABvelgnsdiKEis T@FAmaulley é they (K S

periphery of the western French Alps within a significant karstic network in the Diois,valley
characterised by unstable geomorphology with steep slopes and fractured sedimentary rocks (Bravard
et al, 2003). The Diois has traditionally been viewed as a barren and arid langhéstpeacal accounts
notedthat crop yields wergneagre,and soils exceptionally degradag to the 20th century (Sauvan,
1921). However, the area underwent anonomic revolutia following the introduction of new roads

and chemical fertilisers the 1900sthus agriculture becama leading income source for the region
(Sauvan, 1921)o contextualisghe postmodernnarrative ofsoil depletion and regeneratigrit is
important to develop a comprehensive history africulture andland exploitation in the Dios
underpinned by amnderstandingdf how the first farming communities affected the landscape.
Today,TrouArnaud consists of a cave complex comprising 1500myadrall 700m of flooded galleries,
however, only a small portion was accessible from the exterior during\githic the Galerie de

Pots (Daumas & Laudet, 2012). This corridor, 85m long and up to 6mwadentered via a north

facing porchway at20m altitude, situated over the banks of the Volvent stream within a deep, narrow
gorge- the Roanne Valie Theinternal temperature would have been stable, around-1C and
relatively humid yearound. Archaeological remains, including pottery and rchd grains, were
discovered in 1952 during speleological topographic surveys, leading to the excavation of the exterior
porch from 19861990 (Daumas & Laudet, 1988; 1998; 2012).
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HGUREL. THE LOCATION AROUARNAUD WITHIN THE CONTEXT ORNBSTERMLPS

The nearbylandscape igpresertly comprised of pastoral slopes|ustered coniferous forest, and
Valanginian ma#imestone outcrops and slopgsalthough the vegetational character wial have
differed, this was likela fairly economically attractive environment during the Neolithic (Deas &
Laudet, 2012). Land exploitation opportunities for crop cultivation, pasturing of livestock, and hunting



were available within a few kilometreg the cave, while after heavy rains a freshwater waterfall flows
within the complex.

Neverthelessnotions of marginalityremain relevant to Trou ArnaudDuring heavy rainfall, the
swelling of the Volvent river would have rendered the cave entrance near inaccessible, causing the
gorge passageway to become narrow (Daumas & Laudet, 20@&)ughout periods of increased
precipitation, accessibilitywould hawe been severely limited, raising queries regardiitg function
andthe seasonality obccupationwithin the framework of Alpinenobile agropastoralismAlongside

the abundance of ceramics agdreal remainsuncommorin temporarily occupiegbastoral site, the
traditional interpretation of TrouArnaud as a sheepfoli@ renderedmore compéx, thus worthy of
further study. The quantity of charred crop material recovered, unusually high for the region, provided
a rare opportunity for quantitativeanalysis of cultivation practices, while the environmental
limitations of the Diois are wellnderstood. Thus, Trou Arnaud was an ideal candidate for a detailed
case study to facilitate testing of the hypothesis that Neolithic agricultural practices wapge in
response to the challenges of the Alpine environment and provide insight into the character of and
motivations for adaptations.

1.2.2. Rationale: Gaps in knowledge of Alpine Neolithisation

The Alpine arc has traditionally been portrayed as a barriénégrocess of Neolithisation, regarded

Fa | WYFNBAYFITQ SY@ANRBYYSYy(Gz SO2y2YAOlFtfe dzy DAl
(Mazzucco et al., 2019%ubsequently, theAlps have been depicted as a void on maps plotting
Neolithic expansion int&urope,and their role in the dissemination of agricultupabctices has been

ignored Moreover, modern notions of economic productivity have been imposed on mountainous
environments in labelling them as marginal, resulting in limited archaeologicaksti@nd creating

the illusion ofan absence opastsocioeconomi@ctivity (Walsh et al., 2006). Today, more nuanced
analyses propose that peoplejaterial cultur& 'y R ARSI a @gSNB afz2¢te WFA
(Trefny & Jennings, 201 Mhis study aims tprovide insights into thesiaterpretations by lighlighing
the presence of farmers within environmentally challenging regamdtracingthe key pathways ito
the Alpsas reflected byadaptations in crop cultivation practice§urthermore although crops
provided an estimated 680% of calorieso Neolithic populationsn the northern Prealpsstudies
into agriculture havebeen largely eclipsed byesearch onanimal husbandryBaum et al., 2019)
Analysis of ©p remainscomplementsexisting research on livestookanagemento provide insights
into a significant, yet often overlooked aspectmthistoricdaily life diet, and land exploitation
Therefore, a increasedocus uponarchaeobotanicastudy is necessary to assess the resilieoice
Neolithicsocioeconomic systemaithin diverseenvironmentsand climates anddetermine the scale
of adaptationto subsistence strategy and cultutbat wasrequired when adapting to life in the
mountains.

Despite a resurgence in higlititude paleoecological research, focused mainly on reconstructions of
Holocene vegetation antistorical ecologieshe past environments of théow-mid altitude Alpine
foothills andPrealpsin southeastern Franckave been largely overshadowé@d/alsh & Mocci, 2011,
Walsh, et al., 2014; Walsh & Gigu@bvex, 2019)Althoughpatrtially attributable b smallerscale
industrial developmentind commercial excavations this region, this iglsodue to a heightened
researchfocus on northernAlpine lake settlements,in which organic material igften highly
preserved, thu&nowledge of the arableconomiesn the northern Alpsias become higér resolution
(Jacomet, 2006a; 2007; Martin, 2014). Tieisearch biavas led to an imbalanced understanding of
Alpine humanrenvironment interactionsjn whichNeolithic agricultural practicesemain urclearin
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the southwestern Alps. This study aims to conttibtowards a more holistic understanding pést
Alpine plant economies and provide insights iaggropastoralism in annderstudied region: the Diois.

1.2.3. Rationale: Contributions to contemporary debates

Provided datasets are extensive and robustlgpecological studies are uniquely placed to allow
researchers to explore the intersection between the natural environment and human societies by
qguantifying long term effects of land u¢Bchvirer et al, 2015) Nevertheless, the nuances of human
activity are difficult toidentify, andinterpretations tend to be generalised. Archaeobotanical studies
can supply a focused, siteide view, which may be contextualised within broader
paleoenvironmental datéo provide insighs into local changes in the environment and subsistence
systems. Archaeobotany bridges the gap betwdwnadscale climatological and environmental
systemsinferred from climate and land cover modeblnd specificsite-wide responsesallowing a
higher resolution understanding of humamvironment interactions with implications towards
presentday discussions.

Throughout the Holocenecceeratingrates of erosion, soil degradation and floodinghe Alpshave
resulted from he oveexploitation ofpasture and intensification of weather events associated with
climate warming (Bajard et al., 202Q)nderlyng thehighly anthropicaliinfluenced Alpine landscape
experienced today Neolithic forest conversion to agropastoral lands repeated the first global
episode of widespreachumarninduced terrestrial modification (Kaplan et al., 20119resenty,
unprecedented rates of global climate change have already begun to affpitte biomes on
devastating scaledlotably, the frequency of extreme weather evenlkas increasedin the autumn

of 2020, Storm Alex led to flooding and landslides causing significant loss of life and property in the
AlpesMaritimes region (BBC News, 202M®articularly erosiontinduced flooding poses risk to
communities in the loweAlpine valleys; to address this, research must examine the sustainability of
contemporary and past land management practices (Bajard et al., 202#).hoped a deeper
comprehension ofthe extensive past human influenceupon Alpine ecosystems can contribute
towardswell-informed decisionsn contemporaryAlpine land managemenpromoting resilient and
sustainable land use.

1.3. Methodological overview

This analysis usetwo complementary methodologies to provide insighto the character of the
earliest agricultural practices in and around the Adpsboth a regional and local scathis included
gpatial and temporal analysissing a quantitative dataset andapping functions in ArcGIS Pend a
case studwsing traditionalmethods ofarchaeobotanical analysibirstly, existing archaeobotanical
data from 88sitesin the Alpine and circur\lpine region were synthesised Microsoft Excel, and
plotted into maps using ArcGIS Piithis data was used to assess spatial and temporal variat@opn
packagesincluding the distribution and frequency of specific crapgelation to environmental
conditions, the Neolithisation processarchaeologicalcultures, and agropastoral economies
Secondlycarbonised plant macrofossils from the Chasséen cave of Trou Aweneddentified and
qguantified by contextThisdata was tabulatedising Microsoft Excelnd repesented by graphs and
charts tofacilitate investigation intaagricultural strategy at Trou Arnayits role within the Chasséen
agropastoral economygnd the influence of the Diois environment on these practices.



1.4. Dissertation outline

This dissedtion attempts tounderstand the causes of variation in Neolithic agricultural practices
through an assessmenbf Alpine archaeobotanical data; the effect ahountain environmental
conditionsis highlighted throughew analyses of macrofossils frofrou Arnaud Chapter Two
provides a synthesis athe current literature regardingthe Alpine environment and climate
throughout the Holocene theories in broader European amsgecificallyAlpine Neolithisation, and
existing archaeobotanical datasets. Thesthodologies employed irthe new archaeobotanical
analysisand thespatial assessmeiatf existingbotanicaldata aredescribed in Chapter ThreSpatial
and temporal ariation inAlpineagriculturalpractices i€xplored in Chapter Fourollatedmacrofossil
data relating to the core Neolithic crops synthesised and thepossiblecauses of crop package
diversity, including mountain cultivationare discussedChapter Five presents the results and
interpretation of macrofossildfrom Trou Arnaud including the possibility of a local midountain
cultivation and theO | @rSl@wiithin the Chasséen agropastoral econoffiyeresultingconclusions
are summariseih Chapter Siwith recommendations for future research



2. Key themes in Neolithic Archaeology and the history of arable
farming

2.1. Aims and structure of the chapter

When discussinthe reasons fowariation inearlyagriculturalpractices in the Alps, research must be
well-grounded in an understanding of theinfluencing factors,including climatic fluctuation,
environmentalconditions cultural developmenand the dissemination of the Neolithiand any prior
research intoprehistoric Alpine farmingTo achievethis, a literature review has been compiled
regarding: climatic and anthropogenically induced environmental chamgjge circumAlpine zone,
theorieson the Neolithisation process mestern Europe and the Alps, current archaeobotanical data
from the Alpine region, and an introduction to th&te of TrouArnaud.

2.2.Changing environments and human adaptatian from the
Mediterranean to Northern Europe, by way of thedf Valley and the
Western Alps

2.2.1. Key themes and issues

The notion of environmental marginality often emerges as a key thiemddpine archaeologyn which
the extreme environmental conditionkave influenced the development of cultureand econony
(Walsh, 2005; Carrer et al.,, 202QNistoric environments have mostly been inferred through
palynological andanthracological studiesalthough limitations with these methodologies must be
noted. Pollen data suffers from contamination from higher mountaitages, having floated
downwards, but also from lower levels due to upwards winds, while charcoal from archaeological sites
may not accurately reflect natural vegetatiaas firewood procurement is culturally biased (Walsh,
2014; Delhon, 2018However, hese issues can be mitigated by crosferencing numerous data
types.The ecological andultural influences inusistencestrategyare similarly a common theme
reflected in spatial antemporalvariation in the character arable farming, pastoralispand hunter
gathering Subsequentlythe adaptation of agricultural strategigswards different regions of the
Alpine landscape has becomerdamportant topic in Alpingpaleoenvironmentaresearch,including
variety in crop choiceexploitation of altitudinal stages, and agropastoral systenithoughthe
scarcity of data from the southern Alps affects interpretations

2.3.Holocene environmental variation with a focus on Neolithic farming as an
adaptation to the environment

2.3.1. Broader Western Europe

The Holocene climatic optimum represented a period of mean temperature stability, modulated by
warming in northern Europe and cooling in southern Europe between-3000 BC, followed by
generalisedgradual continental cooling (David et al., 2003). Early Atlantic (8900 BC) vegetation
cover was dominated by homogenous breedfed, deciduous foresgleclining to extremely low



levels in the present day (Fyfe et al., 20I=)llowing relative @inatic stability in the preceding two
millennia, around 4000 BC in the Mite Neolithicthere beganwidespread forest conversion to a
mosaic of open arable land, pasture, woodland, and heath. The accelerated deforestation is commonly
attributed to anthropaenic influences, although its onsetay have coincided with a brief cooling
event (Berger, 2003; 2005; Berger et al., 2019). Contemporaneously, Mauri et al. (2015) identified
patterns of increased summer precipitation in southern Europe throughoutitiiecene, accelerating
between 40002000 BC, reflected in the damp conditiahsstrated byvegetation reconstructionsf
southern France (Berger et al., 2019).

2.3.2. The Alps

Alpine vegetation is bestded based on altitudeplant cover vaes between alttudinal stages,
losing diversity and cultivality when increasing in altitudeoncomitant with decreasing temperature
and increasing precipitation (Theurillat and Guisan, 2@&Hyquette, et al., 2018)0zenda (1988)
classified three preserday bicgeographical regions according to climate, altitude and geology: the
Alpine fringe, consisting of the lower massisich as the Dioisgnd characterised by carbonates and
Fagudorest,andthe inter-Alpine ard continental polezones both characterised by higher peaks and
silicates, withAbiesand Piceaforests respectivelyalongsidePinusforest in the southwestern Alps
(Pecher et al., 2011). However, these classifications do not consdetion over time, oregional
differences caused by human influenddostyO2 NNB & L12 Yy RA y 3 ¢ Alging Fringe,lfey R Q a
subalpine zone represents approximatetyethird of the Alpgoday, comprising diverse topographies
and climatesn mostly limestone massifsiany subalpin@reas havdluctuatedbetweenBoreal and
AlpineKdppenGeiger climat classificatiorzonesover the HolocenéMartin, 2014; Walsh and Giguet
Covex, 2019)Notably, the character of the Prealps varlesgitudinally rather mountainousin the
southwest while the northern regiorcomprisedlat wetlands, peat bogs and lakes, rising steeply into
the Alpine mountains (Martin, 2014)Ihe Alpine landscapecontinues to be agriculturally marginal
today, in which the Prealps are a transitional landscape betweerfehiile soils of the surrounding
plains and valleys and harsh mountain environmesit(Estel et al., 2016)Consequently,an
understanding of the environmental conditions experienced by earlyndas is necessary to
understand thechallenges toexisting agricultural strategy ped by the climate of the Alps and
surrounding regions

Lake level data andofien analyss of lake cores have been useful in reconstructihignatic conditions
throughout the Neolithic (Magny, 2004; Fyfe et aPQ15) while much palynological and
anthracological literature was synthesised by Martin (208hortly preceding the start of thdgine
Neolithic,the 8.2k BP climatidegradation event disrupted the stability and warmth of the Holocene
Optimum in the global northern hemisphersubsequentlyincreased humidityvas attested in the
northern Alps, by decreasir@orluslevels, and an expansiaf taxa indicative of damp conditions
includingPinus Abies and Tileg and Quercusin the Prealpine zone@viartin, 2014 Li et al., 2019)
Similarly humidity-preferringFaguspopulated thewestern French Alps, Bhe Valley, and the Valais,
while Abiesdelimited thesouthern AlpindreelinealongsidePinus sylvestrjsntermittent with periods

of heathland scrubs (Martin, 2014).

The Mid Holocene inhe Alps was marked by complex patterns of wet to dry oscillations occurring
over short periods throughout the Recent Atlantic (4738D0 BC), within overall trends of climatic
degradation and humidity (Magny, 2004; Martin, 2014; Walsh et al., 2(HausAbies forest
gradually replaced mixed deciduous woodlatdow-altitude, although coniferous needle leaf forest
dominated higher altitudes until 2500 B&lso remaining common in theol environments of the



PrealpqFyfe et al., 2015As suchTaxus bacataexpanded at miehigh altitude in the northern Alps,
while Pinusremained important across the western AlfSiguetCovex, et al., 201Martin, 2014).

Even sosedimentological studies nuance this narrative, suggedtnests remained relatively open

in the southern Alpslue to thesteeptopography and fragile geological substratum (Beeching et al.,
2004). The Recent Atlantic also observes $ket of significamt human influence on vegetation.
Southern Alpine tree cover reflects this from 5000 Bl@iesevels began to decline, accelerating from
4000 BC, leading to localised extinctions below 1000m, while broadleaved woodland diminished at
faster rates than thecontinental average (Walsh, 2014; Walsh et al., 2014; Fyfe et al., 2015). The
expansion of ruderal and nitrophilous taxa indesforest clearance andpastoral expansion
supported by the proliferation ofagus a pioneer species of disturbed land, fro®08 and 2700 BC

in the southernPrealpine and montane mountain stag€zenda, 1988; Walsh et al., 2014). Notably,
lake level data suggeshéeolithic technological developments and new ceramic and lithic typologies
often emergedduring cool,damposcillatiors, denotingthe disruption ofsocioeconomic systentsy
environmental change (Magny, 2004jowever,humaninduced environmental change was small
scale Neolithicactivity was lowimpact n the high Alps, witlagropastoral activity concentrated i
valleys and foothillsNeverthelesssome evidence fdnigh-altitude forest conversiorat was observed

in cores from_Lac du Lauzon, Ecrins, at 1988stow-pollen producing ruderal taxsteadily increased

from 4250 B@nd cereal pollen from 3450 B@8rgant, et al., 2008/Nalsh et al., 2014).

2.4. The Environment of the Study Regamm Middle RidoneValley

The Middle Réne Valley (MR)is a region of climatic convergence between Mediterranddpine

and oceanic biomes, representing a transitional zone between the Mediterranean climate in the Lower
RyS | yR (GKS O2ylGAySyidlt SO2ft23& 27T -Hukp&anki® NII KS Ny
geographies (Olivier et al., 2009; Berger et al., 2019). Today the northern limit of olive production,
signalled by colder temperatures and wetter summers, demarcates this (Berger et al.,A21®hg

the western Prealpghe landscape of thitIRV never exceeds 600m altitude, including alluvial plains,
guaternary terraces, moraines, and many lakes and marshes, especially in the northern areas (Berger
et al, 2019). TheNeolithicMRVclimate was supraMediterranean, while vegetation and landscape
usage varied between the foothills and alluvial basins. Lands wasdy cultivable, however,
herbaceousand cropmacrofossildata is low resolutiorbeyond the karstic hills and Prealpsith
preservdion limited byintensive hydrological activiiy the plaingBrochier, 1997Delhon et al, 2009;

Berger et al., 2019). Consistent exploitation of the lolyéng regiongrom 64005600 BC, 4904500

BC, and 360@800 EC, eflects Neolithic expansion adwland pasturewhile forest persisted in the
Prealps,ntermittent with periods of decreased activity possibly related to climate cooling episodes
(Beeching et al., 2004)

TrouArnaud lies alongside the Roansgeam a tributary of the Ddme, in the Diois a Prealpine
landscapéetweenthe westernAlps and theViRV. This area is characterised by continuous limestone
karstichills between 500 and 2000m, conducive to caves and rock shelters (Berger et al., 2019). The
regionis somewhaenclosed by the steeply cliffed Vercors massithe north, and the peaks of the
Dévoluy and Bochaine massifs to thast (Gidon, 2016). Biogeographically described as supra
Mediterranean and mountaiMediterranean, the Dioiss a transiional climatic zone into the cold,
humid, northern Alpsbeing relatively humid due to its altitude althoughisibly drier landscape than
Vercors (Blanchard, 1918)nderstanding of the Middle Neolithic environmeth¢rived mainly from

pollen and charcoaldata from cave sites, and sedimentological data from the alluvial cone of the
Drdme, downstream from the Diois river.



Pollen and charcoal data from the Neolithic to Bronze Age sheepfold of Antonaamend 1200m
altitude and15km north of Trou Arnaudyas sampled by Argant et.dl1991). Chagen to Late
Neolithic deposits show diversevegetation dominated byduercusalluding to a humid climate in
the Diois(Argant et al., 1991 Furthermore, the presence of ruderal and cereal pokeqgests local
crop cultivation by 4000 BQ\Notably, only ligMoving flora are representedjenoting anopen
environmentby the Chas&en following intensid deforestation,with Juniperusiominating by the
Early Bronze Age (Argant et al., 199&spitethe smalicharcoal sample size, similar conclusions were
drawn at Trou ArnaudgDaumas & Laudet, 2012)ider anthracological data from the Diois suggest
altitudes around 1750m were consistently occupiedRigus across the Holocene (Thiebault, 1999).
Humidity is also reflected in the expansionTa@ixus baccatacross southeastern France from 5500
5000 BC (Martin & Thiebault, 201The Middle Neolithic treeline was located around 2000m altitude,
higher than tody, suggesting a mild climaie which crops could be cultivated at the rattitudes
(Argant & Argant, 2000).
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forest fires between 6008000 BC marked the onset®fealpineanthropogenic deforestatiorwhere
subsequent pasturingprevented the regeneration of dense forest (Brochier et al., 1991)s Th
corresponds with tha@ecline ofUlmusandTiliafrom 4000 BC, while possibly also attributablehteir
intensive exploitatiorfor fodder, reducinghe young branchegshus the frequency of pollen produced
(Brochier et al., 1991). This coincides withreasingrepresentation of lighdovingtrees, grassland
taxa and cereals, reflecting the mansion oflocal agriculture and pastoralis@rgant et al., 1991;
Brochier et al., 1991).

2.5. The transition to farming either side of the Alps

Emerging in the Near East around 10,000 BP, the newntdabies, economy, and lifeways of the
Neolithic spread across Europe over the following 5000 years (Weisdorf, 2005). Based on novel food
production strategies and the spread of domesticated animals and crops, these changes drastically
altereddaily life esponsibilitiesdiets, economic structurend human perceptionf and interaction

with the natural world (Mazzucco et al.,, 2017yhe Neolithic is traditionally interpreted as
disseminating viabkb S22t AGKA O LI O1F3AS=ZQ Ay OfedaRikafsand plantslly A y 3
ceramics, timber and drgtone houses, generalised storage and demographic increase (Tresset &
Vigne, 2011). Domesticates includin@riticum dicoccum Triticum monococcum Triticum
aestivum/durum/turgidum Hordeum vulgargPisumsativum Cter arietinum Vicia ervilia Lens
culinaris cattle, sheep, goat, and pig, alongside dairy products, expanded dietary variety,
complimenting hunted and gathered foodstuffs (Tresset & Vigne, 2011). Subsequently, labour
transfers away from foodrpcuremert allowed occupational specialisio develop catalysing the
development of new technologies, such as metallurgy, alongside centralised and hierarchical societal
structure (Weisdorf, 2005).

Synthesis oNeolithisationmodelsof western Européhas establishedhis processwas multifaceted
and regionally variedmostly disseminated vianigration (demic diffusion)while cultural exchange
(cultural diffusioncomprised around 40% of diffusion (Fort, 2012). Tracing the pace of spread through
radiocarbon data, Fort (2012) highlighted slower rates in northern Europe, the Alps, and the western

LS



Black Sea region. The slower paa@s suggested to denoteultural diffusion, althoughin the case of

the Alps this may relate to the less hospitable climatolithic transitions were moreapid in
southern and eastern Européndicating a migrationbased NeolithisationGkiasta et al., 2004)
Although it is possible demicftlision in northern Europeomprisedcommunities migrating at a
slower pace, Sampietro et al. (2007) noted a higher concentration of Neolithic genetic maay in
Mediterranean farming populations, supporting a north-south divide between dissemination
methods Interestingly, a combination of both methodsis suggested forthe Alps. More
SY@ANRYYSyillftte OKIFffSyaiaya NBIA2ya yNedithiciA G+ G SF
lifeways; Perri(2003)concluded Mesolithic groups coexisted alongside Neolithic communities into
the Middle Neolithic in the Jura, based dhe stratigraphic cooccurrence dflesolithic lithics and
SaintUze Early Neolithic ceramic. Howeveredh interpretations werdocalisedto the Jura while
material culture may not accurately reflect past identities or realities.

l:l main settlement areas of the Linearbandkeramik
main settlement areas of the Cardial franco-ibérique and tyrrhenian Cardial
D main settlement areas of the Néolithique ancien of Gazel type / Epicardial
A Linearbandkeramik elements outside the main settlement areas of the Linearbandkeramik
A Cardia franco-ibérique elements outside the main settlement areas of the Cardial franco-ibérique
/\ Epicardial elements outside the main settiement areas of the Epicardial
_ — — northernmost extention of Epicardial (yellow) and Cardial (red)

FHGURE2. MAP ILLUSTRATING THE EXTENINEFARBANDKERAMIKARDIAL ANDEPICARDIAL ARCHAEOLOGICAL
CULTURES IN WESTERIROPE DURINGHEEARLYNEOLITHIEWILLIGEN2018).
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Occurring in multiple phases and dividing into numerous subcultures, two main routes were taken in
the dispersal of the first Early Neolithic farmers into Europe, corresponding with the emergence of
two cultural sphees (Guilaine, 200BocquetAppel, et al., 2009)These were the Linearbandkeramik

and its associated cultures along the Danubian current, and the Impressa/Cardial cultures and their
derivatives along the northern Mediterranean coast (see figRir¢Zvelell, 2004 Rivollat, et al.,

2015) Linearbandkeramik culture was characterised by vessels with spiral motifs,, aduks
longhouses, alongside a dominance Hflled wheats T. monococcurmand T. dicoccu and
concentrated around areas of fertile loess soil (Jacomet, 200figen, 2018) The situation along the
Mediterranean coast was more complicated. Characterised by impressed and incised setiagic
Impressa/Cardial culture emerged around 6000 BGrigece, traveling rapidly to southern France in
5800 BC (Gernigon, 2016). The Mediterranean paciiifigeed, comprising a preference of ovicaprids
over cattle, the dominanceof T. monoccocumand T. dicoccocum¢ although T.
aestivum/durum/turgidumwas popuar in the Cardial/Epicardia) greaterarchitectural variety and
widespread use of obsidian (Jacomet, 2007; Gernigon, 2016; Willigen, 2018). After 5300 BC, the
Epicardial traditionemerged separated by the French Central Massif, stretchingbtria, and
conventionally interpreted as a later phase of the Cardial with the influence of indigenous groups
(Manen, 2002Willigen, 2018). Nevertheless, with interpretations based on ceramic typologies, how
far cultural differences permeated into lifews is unknown.

Although the basic structure stands, the dual currenbdel is simplistic,lacking nuance into
slbcultures and phases of accelerated and decelerated spread (Jacomet 2007; Matrtin, 2014). For
decades this model wasmchallengedsuggestig limited interaction between the sphereghe Alps
FOGAY3I Fa | Wy2 YIHgweer,itis hovRdsider8dithatheaandikérS8nik @nd
Cardial groupsvere well connectedin which Alpine passes acted as highways between spheres, while
the Rhéne River was an importandute in the western European landscape (Olivier et al., 2009;
Willigen, 2018). This is evidetitrough the hybridised ceramics of Limburg and La Hoguette in the
Lower Rhine, combining elements of Linearbandkeramik and Mediterranean typolmgiecurrent
isolated Lineakbandkeramik material culture finolsexotic cropsn Cardial zones and vice versa,
signifying contact and exchange throughout the Early Neolithic (Jacomet, 2007; Willigen, 2018).
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2.6. The transition to farming in the Alps

TheAlpine environmentand character of altitudinal stagdms influenced subsistence strategjince

the Mesolithic,in whichhunting campsvere positioned by the treeline (Walsh & Gigu@bvex, 2019).
Even today, the significance of vertical mobility is eviderhé&unique practice of&f LA Y S :F I NI A Yy =
the summering and dairying of livestock bigh-altitude pasture, and wintering in lowland stables
(Gilck & Poschlod, 2019)rhis differs from conventional transhumance, comprising highland
summering and wintering in lowland pasture, generally necessitating movement over longer
distances Integral to many Alpine culturalentities Alpine farming encourages sustainable land, use
particularly regarding vegetatigrerosion,and biodiversityMarini, etal., 2011; Cocca, et al., 2012)
Originating in prehistory and first identified in the Bronze Agepmprehensive agropastoral history
of the Alps must be developed gain a holistic understanding of human influence ois tindscape
(Carrer, 2015)

6000 BC 5500 5000 4500 4000 3500 3000 2500 2000 BC
| late ] Early Neolithi Middle Neolithic 1 Middle Neolithic 2 ithi ithi _B- e _A— . _:
: Mesolithic arly Neolithic iddle Neolithic iddle Neolithic Late Neolithic/Chalcolithic :__r_or:zia_g_e__‘
| Pioneer 1 Neo-pioneer 1 (Exploration) | N@g{gg)mn:;)z | Stabilisation | Growth Bronze Age :

______________ |

Neo-pioneer Phase 1 Neo-pioneer Phase 2

Pioneer Phase Stabilisation Phase Growth Phase

(Exploration)

(Settlement)

Pre 5800 BC

The exploration of new
territories by early farmers.
Egalitarian societies
progressively travel into
areas untouched by

agriculture. LI, groups inthe Alps, largely I\ character (caves, marshes, LI\ *»  Signalled by demographic J\\' Land exploitation and
Affected the most fertile [» /' on the fringe of the [,1 /’ hills). L y 7 increase and wider |: l/'/ agriculture is intensive and
areas of the Danube and K agricultural plains. "+ Subsistenceis geographical distribution of extensive: fallows are

Mediterranean, restricted
largely to littoral areas in
the South.

Did not advance into the
Alps due to the
inaccessibility of the
landscape, reflected in
limited Early Neolithic sites.

5800 — 4800 BC

As with the previous phase,
but with expansion into
marginal environments.
First contact between
Mesolithic and Neolithic

Mixed subsistence, with
limited reliance on new
agricultural lifeways, living
in temporary mobile
camps.

Sparse elements of
Neolithic culture present as
isolated occurrences within
Mesolithic contexts, i.e.
ceramic and lithic
typologies.

Limited data available.

4800 — 4300 BC

The establishment of
settlements in new,
marginal areas.
Settlements are small, with
possibly defensive

predominantly based on
livestock and agriculture,
although hunting still plays
arole.

‘Shifting” arable land, with
short usage and long
fallows.

Mesolithic groups are
culturally eliminated or
assimilated, e.g. Mid Rhone
Valley ceramics heavily
display Italian influences.

4300 — 3500 BC

Neolithic groups have a
greater grasp on the
environment, advanced
complexity and intensity of
exchange networks.

cultural components.
Local subcultures become
more distinct.
Settlements appear more
defensive, shifting
agriculture continues,
while plough usage
emerges.

First settlement of the pre-
alpine lake villages and
increased presence in the
internal Alps.

3500 — 2200 BC

Substantial demographic
increase, although at a
greater rate in Central
Europe than the
Mediterranean.

shorter, plough use is
widespread, and mid-
mountain areas are heavily
cultivated for wheat and
pasture.

The wheel and copper
artefacts appear. The most
remote alpine areas are
exploited for copper.

Solar and warlike
ideologies appear in the
south.

FGURE3. TIMELINE OF STAGESANPINENEOLITHISATIOAFTEFRGALLAY 1990)

The Neolithisation of the Alpine regiodemonstrates the need for nuance within tlgeneralised
framework of the dual current modelAn environmentally challenging landscape, the Alpine
environment demanded significant adaptation to the lifewaysnagrating Neolithic populations
Thus, the timeline oNeolithisationlaggedbehindlowland developmentswhile mountain sites held
a greaterdegree of specialisatio(Gallay, 1990)Gallay(1990)highlighied the arrhythmic nature of
Mediterranean and Alpindleolithisation through quantitative modétig usingradiocarbon dataand
identified specific phases within this process (\&prii990%
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ecological limitsGallay (1990) theoriseaharginalAlpine environmentsare characterised by shifting
borders for longer than easily adaptablewland areas, indicated by théongevity of Mesolithic
technology and material culture into the Neolithic efdpineNeolithisation wasubsequenthdivided

into phases to provide aseful chronology for the Alps, MRV, and northern Italy (see Fig)re
However, assuming a degree of blurring between phases and regional variability, dates cannot be
considered as concrete.

Dating to the Early Neolithic, assemblages comprising bottoMiee and Neolithic material culture
were recovered between 6068000 BC in the circuiflpine region, representing a lowland zone of
established settlement while the Alpgere initially explored.Cardial ceramics represented much
material south and wst of the AlpsGuilaine and Manen (2007) suggssylistic influences can be
determinedfrom both Neolithic migrants of thétalic Tyrrhenian Cardiand indigenous Mesolithic
cultures of southern France. This evolved in tandem with Epecardial, eventuallpecoming the
dominant culture of southern France and the@Rk Valleyby 5250 BC, attributed to demographic
increase marking a moreunified Neolithic in southern Frandbat extended to theAlps - with
influences observed at Grandrivoire, lére (Guilaine and Manen, 200 Manning et al, 2016
However, these cultural distinctions are determined neaclusivel\py ceramic typologies.

Meanwhile, determiing the initial Neolithic occupation of the Alps is diffiulh hiatus of
archaeological materiain Prealpinecaves between the final Mesolithic Castelnoviam6340 BC and
the first Neolithic evidence from Vercors around 5600 lig@s interpretation (Berger & Guilaine,
2009) Neverthelessa Mediterranean route into the western Alps can be tracatthough Impressa
sites are limited, confined to the coastal arézardialand Epicardiateramic and lithidraditions
spread up the Rine Valley into the @mese PrealpsBeeching, 2003Vander Linden, 2011).
However AlpineNeolithisation is sparsely represented during the Early Neolithic, present as generally
isolated elements of Neolithic material culture within Mesolithic assemblagethe foothills in
contrast Cardid agricultural sites are concentrated in the MRV lowlands by 5500/B@iz, 1990).
Furthermore, hunting persists as the primary subsistence strategy at altitvitike a mixed livestock
was farmed in the Cardial/Epicardial plazmsl cattle in the BK foreland, wild faundominates Alpine
assemblages until the Mille Neolithic, when the first evidence foklpine pastoralism emerge
(Guilaine & Manen, 2007; Vander Linden, 2011)

Alpine settlementshecameestablishedby the Middle Neolithic 1 around800 BC increasing in
frequency and stabilisinépllowing 4300 BC in the Middle Neolithi¢ 2enceforth, the number of
Alpine sites increased dramatically, particulgPsealpinecaves andater the rorthern Prealpinelake
settlements (seefigure 3) (Voruz, et al., 1995; Martin, 2014¢ultural developments continued to
spread northwards from the Mediterraneamvolving from the CardifiEpicardial traditions, the
Chasgéen dominated southern France from 443800 BCtravelling northwards through the Bhe
Valley, while the St Uze traditioctmerged from the Cardial ithe northern Alps and French Jura
(Beeching, 2002vander Linden, 2011; Martin, 2014). Local-gutups become more numerous and
distinct; however, thisnay be exaggerated due to the greater volume of evidence compared to the
preceding periodsOn the northern Alpine forelandhe Michelsberg Kultuderivedfrom the LBK
later developing into the Pfyn and Cortaillod traditipmghile the LagozzandVasi aBocca Quadrata
(VBQ) culturesbordered the Alps from northern lItaly (Vander Linden, 2011; Martin 2014).
Theconceptof material ¥ I ND K I Sdtdre(Hein@usdd talefineprehistoric group identities was
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recognised as flawedy Vander Linden (20L1}he Chasséen and Michelsburmultures were
particularly highlighted as demonstrating little homogeneity in material culture, including diverse
funerary practices and lithic industries (Beeching, 200&)ile Hrchaeological cult@Xare usefuiin
chronologising and relative datinghey are not always accurate proxies foast identiies and
interdisciplinary studies are required to identifgcalised identities and differences in lifeways
(Demoule, et al.,, 2005Vander Linden, @1). Nevertheless, throughouthe Middle Neolithic
socioeconomic change is observed in the Alpe specialisation araltitudinal organisation ofites
developed; lowlandscomprisediarge, enclosedettlementsand agricultural plainswhile at altitude

sites teld defensive propertiealongside migmountain pasture and sheepfokites(Beeching, 2003
Vander Linden, 2011)his initial exploration diigh-altitude regionswaslikelymotivated by the scope

for raw material collection, namely flint deposi(Martin, 2014) HoweverNBE 3 NRAyYy 3 DI f £ | & Q
model, remote alpine regionssuch as the Upper Bhe Valleyremained in earlier exploration and
settlement phasesRerrin, 2003.

With regards to thestudy area of the western Alps, some studies have been conducted into the
character of farming during the Middle Neolithladicated by an increase in nitrophilous plants and

a lowering treeline, pasture significantly expanded during the Middle Neolithibe western Alps
(Walsh et al., 2014; Carrer, 2015). Brochier et al. (1999) collated sediment data from southwestern
Prealpine cave sites to explore their role in Chasséen agropastoralism; it was suggested herds were
stabled and foddered in caves oveght, then natural or deforested mithountain pasture was
exploited during the day. Faunal remains supported this interpretation, suggesting their exclusive,
cyclical use for stabling and birthing, while lowland opénsites held more diverse roles in tatand
ovicaprid managemer(Bréhard, et al., 2010; Bréhard, 201Hpwever, agropastoral strategies were
regionally and culturally diverse; caves played a significant role in theEBaaisinies Chasséen, but
were rarely occupied in Vercors, despite thgieater geographical frequency (Brochier et al., 1999).
Further integrated research between cave and oén sites may aid understanding of the
significance of site types and altitudinal zones in Neolithic agropastoral systems (Bréhard et al., 2010).

By the Late Neolithic around 3500 BC, &ipine Neolithiovascharacterised by population growth,
more concentrated, larger sitedongdistance trade, and technological developmenthile all
altitudinal stages were exploitg@allay, 1990VNalsh & Giget-Covex, 201p Neolithic influence upon
the landscape intensified, as Alpine pasture was expanaed remote regions were frequented for
travel, raw resources, and minifigilowing the development of coppdBourgarit, et al., 2008/Valsh

& GiguetCovex, 2019). Alongside an increasingly generalised use dltimidie zonespollen levels
attest to high-elevation exploitationwith pasture up to 2000m in the French Alpslicated through
forest clearance and@duction in thetreeline (Walsh et al 2014; Walsh & Gig#ebvex, 2019). Three
longdistance metal exchange circuits developed, distinct between the northern, wesaerh
southeastern AlpgDolfini, et al., 2020)However, tade appeared limited to exotic material culture
and new technologies; village economic systend agricultureremained based on se#ufficiency
not generating surplus beyond community requirements (Gallay, 1990). Archaeological cultures
became increasgly numerous including theLuscherzAuvernierand Horgen cultures on the Swiss
plateauandthe Clairveaux and Chalain on the Jumat, boundby flint and metal exchange networks
(Martin, 2014) The western Alps retained a distinslpineidentity; althoughceramic traditions were
influenced byCentral Europeaforded Wardraditions, local forms dominatedperhaps attributable
to a degree of geographical and cultural margingl®gllay, 1990; Haer, et al., 2017)

14



2.7. Alpine and Subalpine Farming and Land Management: A synthesis of
published sites from the Alps

Although achaeobotany suffers from the inaccessibility of grey literature and limited data sharing
two developmentshave beenespecially useful to archaeobotanists studying bieader European
Neolithic(Lodwick, 2019)Firstly, the EUROEVOL dataseiccessible and extensiven operaccess
collation of ¢.8300 records for over 1500 taxa across Europe spanningd800BP (Glege, 2016).
However some data is unreliable, includiggalitative data from early excavations whexantext and
samplingstrategiesare unknown, while regional syntheses can quickly become outdated. The Arbodat
database takes a more regulated approach, in which European researchers contribute
archaeobotanical data from all periods using standardisedthenclature for taxapreservation
conditions features ad archaeologicgberiod, into the centralisedvell-maintained database (Kreuz

& Schaffer, 2002). Howeveslthough data is high qualitghe reliance on datsharing means ftis
resource isnot comprehensive while the ninimal entry standardexcldes much past research.
Additionally, the database remains difficult to access for junior researchers or from other disciplines.

Specific to the western Alpsleolithicbotanical data iselativelylimited, and there have been few
broad-scale data collection efforttius, archaeobotanists rely on syntheses of isolated or sseale
studies.Martin (2014) provided the most comprehensive exploration of Neolithic archaeobotanical
data from the Alps. Originahacrofossil analysis was undertakéiom four sites in the northern
French Alpsind contextualised withirexistingarchaeobotanical knowledgieom the western Alps
Martin (2014) subsequently explored the possibility of cultivation at altitudect@acter of human
environment interactionsand agriculturein and aroundthe Alps, and the role dadpecific sites and
environmentswithin Neolithicagropastoral economieg he plausibility of mountain cultivation was
noted althoughcould not be undeniablyiscerneddue to the broadgrowing conditions of the
associated weed assemblages anussibility of numerous external factors influencing morphometric
variation in grainswhile bothcultivatedandwild flora were highlighted as holding important roles in
the Neolithic plant economieg]iets, and livestock managemenilthoughmostly focusing on the
northwestern Alps, this dataset and synthesigisluableand remains mostlyp to date However,
beyond a I NJi WoykQ linited paleoenvironmentalresearch has considered the adaptation of
agricultural strategies within the Alpine environmenhstead focusing on regions beyond the
mountains,livestock management or natural vegetation histofyso concening the northern Alps,
Jacomet (2007) collated data from regions surroundingrnitshern Prealpine laket® illustrate the
evolution and diversity of Neolithic plant economias in-depth picture was developed, highlighting
how the choice of core cropeflected the movement of populations and culalidevelopment

The sparsity of botanical studies from the southern Alps means fesraprehensive syntheses have
been publishedThese are mostly regiorialand temporally focusedynthesesn which the Alps are
peripherally consideredBouby et al. (2020bgollated Early Neolithic archaeobotanical data from
southwestern France, including the western Ré@ Valley,to explore variation in wild and
domesticated plantresources within the Mediterannean bioclimatic region; thisviduable for
comparison with Alpine dataalthough only adjacently relevanRegrding the Middle Neolithic,
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Martin et al. 016) compiled Chaéen plant data from easterrFrance to exploreagicultural
variation, with particular reference to cereal cultivation; while soRr@alpine sites are included, most
data is from Languedoc and the dRie valley.Similarly Bouby et al. (2020a) summarised data from
the Late Neolithic around the southern Mk Central the Alps were peripherahlthough briefly
consideredin this analysis More generally, the BRAIN network providesda&abaseof Italian
archaeobotanical data across all periods, covering the Italian Alps and the Po Plain forelands, while
the aforementioned EUROEVOL dataset contains ysgdtiabughinfrequent, Alpinedata (Colledge,
2016; Mariotti Lippi, et al., 2018). All shieses note irregularity in the quality of data, and have, except
EUROEVOL, excluded those of especially small voluoreertain date contributing to the scarcity

of Alpine dataCereal remains, present as caryopses or threshing remains, are represeatédites
considered throughout this synthesisvarying frequencies and preservation stafBlsese are mostly
represented byTriticum monococcunilriticum dicoccumTriticum aestivum/durum/turgidumand
Hordeum vulgare@longsiddegume cropsPisum stivum andLens culinarisandoil-producing crops,
Papaver somniferurand Linum usitatissimunJacomet, 2007; Martin, 2014).

Macrofossil data from the western Alps is concentrated around certain regidnie studies beyond
these areas are more isolatedmost half ofAlpinesites with botanical data are clustered around the
northern Alpine lakes, spanning from the French larbake Constancdikely due to thehigh levels
of preservation on waterlogged sitespncentrated in this are@Martin, 2014) Similarly data from
northern Italy is entred aroundthe Po Riverparticularly south of Lake Gardalthough population
density was possibly higher in the milder climate of the Po Plains than the southerwaipdogged
sitesalsorepresent a proportiorof this data MostAlpinedataderived from the Prealpe plainsand
foothills, with limited repesentation from internal passes over 1000n{(Martin, 2014). Additionally,
most sites are interpreted as settlements, including numerous egiersites in the Valais and Po
Plains, and lakeside settlements in the north@mealpsCaveand rock sheltesare more frequent in
the karstic networks of Vercors and Liguaiad commonly interpreted as sheepfolds, althoutteir
Neolithic occupation is poorly understood, with the presence of grains and ceramics overlooked
beyond dating (Brochier et al., 1999).

The temporal distribution of data is similatyeven. During the Early Neolithimtanical remains are
mostly lowaltitude, with only four examples over 500fendimoun, La Gilliere, Sidiourbillon and
Zizers Fridawyhile the inner Alps are unrepresentetine Middle Neolithic bbservesa more even
distribution of crop dataaround the Alps, including at lakesides aimdinternal valleys, and at
increasing ditude. The Middle Neolithic 2 and Late Neolithic are the most abundantly represented
periods. During the Middle Neolithic 2, the frequency of sites increased dramatically with the
establishment of the lake settlementspwever,data remains sporadiseyond this region, although
within a greater altitudinal rang&.hisexpansion of northern lake settlemententinues into the Late
Neolithic However, he increasing frequency of data is not reflected inwestern andsouthern Alps
becoming less numerous during the Late Neolithic, instead having peaked during the Middle Neolithic
1 and 2.

Only a brief overview dileolithicagricultural econories as understood from existing lisgure has
been presented in this chapteDetall is tnited in the following paragraphs to avoid repetition as an
in-depth discussion of western Alpine crop economies is presented in Chapiemhich theup-to-
date crop macrofossil dataset is analysed.
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Most Early Neolithic (5568700 BC) assemblages haween recovered froniLindearbandkeramik
sites onthe northern Alpine foreland andcoastal MediterranearCardial/Impressa sites (Jacomet,
2007; Martin, 2014; Bouby et al., 2020apifferences between Linearbandkeramik and
Cardial/lmpressarop packages were noted in the literatyti@ which although hulled wheats were
most important in both sphereswhile free-threshing wheats andHordeum vulgareplay more
significant roles on sites south of the AFacomet, 2007; Martin, 2014; Bouby et al., 2020&rtin
(2014) described the sporadic recoverycafps such a¥icia sativaPanicunmsp., andSecalecereale
but these areinterpreted as wildveeds(Martin, 2014). Although.inum usitatissimunand Papaver
somniferumare reported insouthernltaly, L. usitatissimunwas not recovered around the western
Alps whilesome cultivation of.somniferumwas inerred fromthe large quantity recovereat Ta~
(Remoulin¥ and their infrequent recovery in the northern forela@dariotti Lippi, et al., 2018; Bouby
et al., 2020a)Bouby et al (2020a) also reported the more frequent recovergathered plants
includingCorylus avellaneandQuercussp., on Prealpine rock shelters than lowland sites in southern
Francepossibly related to different site functions.

Linearbandkeramik crop husbandry practices from the northédpine foreland have been
investigated using archaeobotanicaémains. Bogaard (2004) inferred from weed data that shifting
cultivation ¢ a cycle of cultivation and abandonmeqiwas wasteful in the fertile loess plainhus
likely not used, instead suggesting a regime of spring plgrand intensive garden cultivation. Similar
methodswere laterinferred regardingnorthern Predpine lake settlements through stable nitrogen
isotope analysis on cereals remains, suggestingdiilleolithic farmers employed manuring and
persistent cultiviion and maintenance of arable land despite external presstowardsagricultural
expansion and hiatuses in settlement occupation (Styring et al., 2016).

Entering the Middle Neolithic 1 (4760L00 BC)regional differences in core crop package become
more subtle. Generallythe prevalence of hulled wheats declined, whitee-threshing wheatsand
Hordeum vulgarencreased in importanceHordeum vulgardbecame particularly significant in the
Valais and arthern Italy (Martin, 2014; Martin et al., 2016)Pisum sativunwas well-represented
across the northern Alpgens culinarid.inum usitatissimurand Papaver somniferunwasrecovered
less frequentlyJacomet, 2007).

The plant economies of the northerdpine foreland during the Middle Neolithic 2 (423600 BC)
are well studied, attributable to the establishment of the lakltlages In this regionfree-threshing
wheat and sixowed Hordeum vulgaravere most popularparticularlyT. durum while T. dicoccum
alsoremained common (Jacomet, 2007; Martin, 201Mpre broadly,core crop packages bame
increasingly diverse and regionally varied, althottgitdeum vulgarend T. dicoccunwere present
on almostall Alpinesites this preference towards hardier cropgas hypothesised as suggestive of
territorial expansion into the Alps and higher altitude settlem@viartin, 2014 Bouby et al., 2020a
Glume wheatswere preferred insmall pockets of the northermAlps for unclear reasons, while
monococcunmand T. dicoccunstarted to dominateover freethreshing wheaton Chasséen sitan
the western Alpsafter 4000 BC(Beeching et al., 2000Martin, 2014 et al.,, 2018 However,
understanding ofcore crop packages is lower resolution in the southwestern Alps due to the more
limited dataset. Generally, Pisum sativumremained common, whild_ens culinarisvas scarcer
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(Jacomet, 2007; Martin, 2014)inum usitatissimungrew in importance on the northernAlpine
forelands, whildPapaver somniferutmaintained significance on the Swiss plateau; nevertheless, both
crops were absent from internal alpine zones (Martin, 2014).

Regional variability was more apparent during the Late Neol{{3&®02200 BC)Hulled wheats,
particularlyT. dicoccocumandHordeum vulgareegainedsignificance across the northern Alpsd
northern Italy(Jacomet, 2006a; 2009artin, 2014)Notably, althoughfree-threshing wheatsnitially
remained importantin the northern Prealpstheir significance drastically declined around 2700 BC
(Jacomet, 2009; Martin, 2014h southern France, although Prealpine data is limiflednonoccocum
continued to gainimportance having begun its resurgea around 4000 BC in the Rhdne Valtey
establishing popularityon openair sitesin the Herault valleyy the Late NeolithiMartin et al., 2016;
Bouby et al., 2020hJesus et al., 202Bouby et al (2020b) noted the increase in glume wheats does
not appear correlated with climatic deterioration, howevercent research highlighted possible
reductions in rainfall in southern France that may have affedtedudunyields(Jesus et al., 2020
Linum usitatissimuncultivation boomed across the northernAlpine foreland, likely for textile
production whilePapaver somniferumepresentation gradually declined in tandem with the demise
of free-threshing wheatsvith currently uncleacause(Martin, 2014).

A wide varietyof wild taxa, reflective of the natural environment or gathered food plamasalso
recoveredthroughout the Neolithio{Jacomet, 2007; Martin 2014)eedtaxa assemblages were fairly
regionally andemporallyhomogenousexdudinga concentration of oiproducing specieassociated
with Middle NeolithidPfyn settlements includinDescurainigophiaandBrassica rap@Martin, 2014).
Most frequently representedvild plantsinclude tree nuts suclrom Caylus avellanaand Quercus
fruits includingMalus sylvestriPyrussp, Prunus spinosarubus fructicosus/ideuBragaria vescand
Sambucus nigré@Martin, 2014).Chenopodiunsp. and Urtica dioicawere also frequently recovered
although, without contextual evidencr preparation or storagetheir consumption is uncertain
(Martin, 2014).

Notably, Middle Neolithiccave and rock shelter sitelemonstrate sme divergence fronthe plant
econoniesof opentair settlementsn the western Alpsthese assemblages are comprised of charred
material, andusuallywell-preserved having been sheltered from the elements (Marti¥1,4) Located
mostly at midhigh altitude and frequently interpreted as seasonally occupied sheepfolds,
characterised byompressed dung layerplant macrofossils from cavégve provided insigistinto
early agropastoral economies artte division of the Alpine landscape based on site type and
environmental conditions (Argant et al., 1991; Martin, 20HHwever, much data derived from early
excavationsthus is often poorly reported and serrjuantitative while sampling methodologies are
usuallyunknown For examplesedimentologicatiata from Chas&en sheepfolds wassynthesised by
Brochier et al. (1999however, little information is provided beyond the presence or absence of
cereals subsequentlygrains were hypothesised as dietary supplements for livestackidiscussion

of their broader cultural or economic significaneas neglectedMore recent amlyses of twasites by
Martin (Delhon et al., 2008; Martir014), the rock shelter Les Bals&avoie) andave of Grande
Rivoire (lere) have a provided higher resolution understanding of the role of sheltered sites in
Neolithic agrpastoralismTheexploitation of wild plant resources livestock management practices
was highlightedparticularly at Grande Rivoire in which two thirds of macrofossils derived from trees
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and shrubs (Matrtin et al., 201Ihis included the use of young branches for fedat Grande Rivoire
and Les Balmes, includi@uercusTilia, Alnusand Corylus avellanasandAbiessp.in especially high
levels as litter (Martin, 2014YVild plants were perhaps also used for veterinary purposes at Grande
Rivoie; it was suggestetticum albumsupplemented fodderd encourage lactation in ewes, while
the antimicrobial properties ofaxus baccatarovided sanitary litteDelhon, et al., 2008; Martin et
al., 2011).This suggests an intimate and experienced understanding of the roléeofAtpine
environment inagropastoral pracitceddowever, Martinemphasised that the role of caves is more
diverse than previously considere@ereals were recovered at both sites, but in espeicghgat
guantities at Les Balmes; over 60,000 gramse attributed to the Middle Neolithic 2 to Late Neolithic
layers (Martin, 2014)The abundance of cereals magnotea more prolongeaccupation of the cave
would be expected at a seasonal pastoral site, whiledbminance othardy T. monoccocunsould
indicate their local cultivation at altitude.

2.8. Research at Trou Arnaud

Closelydllowingthe initial explorationof Trou Arnaud cavia the 1940sNeolithic ceramics and grains
were discovered in the Galerie des Patisringtopographicspeleologicaburvey(Daumas & Laudet,
1998). Subsequently, mostarly studiesof Trou Arnaudocused on the ceramic corpusomprising
around 300 complete vessels eventually forming the foundations of regional ceramictypologies
(Vaquer, 1975; Beeching981; Phillips, 1983This providedalow-resolutionchronological narrative
with Middle Neolithic 1 SUzetradition vessels denoting occupation since 4700tEDsitioning later
into the mainoccupational phase in theéhasséefDaumas & Laudef012).

The first organised excavations were condudtedh 1986to 1990 byleanClaudeDaumas andRobert
Laudetl & LJI NJXCult@eB etimiigbix dés premier Paysans de mB®  LINBo&eve, (prior
unofficial excavations had disturbetratigraphyfrom the Galerie du Pots (Daumas & Laudet, 1998).
Thus, excavatios focused orthe detritus cone blocking the ancient entrance to the cave, yielding
undisturbed strata containing ceramics, lithics and organic material. Radiocarbon datihthese
layers sggests three to four centuries of successive occupasipiirou Arnaudranging between
€.4460-4040 BCcorrelating with thebroad ceramic chronologigee AppendiX).

Paleoenvironmentaktudies were undertaken to understand the environment surrounding Trou
Arnaud.Palynologicaanalysis of onelay vessel revealed a high frequency of ruderal taxa, indicative
of nearby pastureand likely of gathered vegetation; this includétlantagq Chanopodiaceae,
Polygonaceagand cerealPoaceae(Daumas & Laudet, 1998Lharcoal was also assessed from
numerous layersDespite a small assemblage, the following picture stagyesteda mountainous
vegetation was apparent upon the arrival of the first ag@ants of Trou ArnaudPfnus, Abies,
Juniperu} developing into a collineanQercus, Corylus, Crataegus, Tilia, Upmasd riparian
environment Corylus, Alnus, Fraxinus, Sahxith eventual complete disappearance of mountainous
species (Daumas & Laudet, 201 29wever charcoal samples cannot be considered repreatw of

the natural vegetation due to the cultural and practical biasefirewood selection.

Two-hundredwell-preserved charredcereal gainsfrom two samples weréitially analysed in 1956
identified mainly agriticumnudumalongsideT. spelteand T.monoccocun{Daumas & Laudet, 2012).
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Further samples were taken in 19@Rd in the 1980s excavatisrErroux suggested. monococum
formed 50% of the assemblageom the Galerie des Paqt3. dicoccuniepresented36% T. nudum
was 13% andHordeum vulgareonly 1% with three examples ofPisum sativumalso recovered
(Daumas & Laudet, 201230me confusion beveen T. dicoccunand T. nudumwas also mentioned
due to some atypical morphologyvhile the total macrofossils assessed was unspeciieyond
identification, interpretation of the botanical remains was minimal.

The lithic assemblag®as typical of thesouthern Chagsen, including truncated blades and scrapers,
with limited retouching usewear suggested somgse in cereal processiffaumas & Laudet, 1998).
Four polished stone axes, possiblyRiédmontor Liguran stone were also collected. Threeere
finished in the traditions of the RV while one wasmore consistent with later nortlwestern Alpine
traditions. Thishighlights the involvement of the occupants of Trou Arnaud withinréaching
exchange networksacross theAlps. A preliminary reportalso descriles the faunal remains;
predominantly ovicapridsemains form the assemblage, while the slaughter age was young,
supporting interpretationof a birthing sheepfold functiofDaumas & Laudet, 2012). Wild animal
remains were rare, comprising only chamois and dedrile fagmented remains of three human
individuals were recoveredut not extensively interpreted

Ultimately, Daumas and Laudet (2012) remark thlaé siteQ function is unclear, although various
suggestions are providgd propose TrouArnaud asmultifunctional spaceThis included its primary
function as a refugeanda lesser role as a sheepfolshsed on the abundance of ceramics and grains,
unusual for a pastral site Further proposalicluded as aresource gathering base, irhich clay was
gathered from within the cave, or possibly a religious function, based on hydrological phenomena
beyond the Galerie des Paadthe placement of a polished axe withimall cavity However, further
investigationis certainly necessary to better understand the role of Trou Arn@mdughout the
Neolithic.
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3. Methodology

A scaled approach to understanding agricultural variation in the Alps was employed through a two

staged methodology. Firstly, a broad narrative on the development of Alpine agriculture was
generated through the spatial and temporal analysis of collatetia@obotanical data using visual

aids created in ArcGIS Pro and Excel. This was then zoomed in to a case study on the role of mid
altitude caves in the Chasséen agropastoral economy through analysis of archaeobotanical
macrofossils from Trou Arnaud. Thesechniqueswere wellsuited to respond to the research
jdzSatAz2ys SyrotAy3a |y lFaaSaavySyid 2F GKS ' fLAYS
practices, including the identification of influencing variables such as altitude, site type and
archaeological culture, and the generation of a specific example regarding the role of agriculture in

the Diois.

3.1. Methods in spatial distribution analysis of Neolithic Alpine crop data

3.1.1. Data collection

Archaeobotanical data in which crop macrofossil datd haen semi or fully quantified was collated
by Dr Lucie Martin in an Excel spreadsheet for the publicaoemier Paysans des Algg814) this
dissertation used an updated version ofgldataset,adding newquantified crop macrofossil data
from individual publications. The study area comprised the Western Alps, longitudinally from
contemporaryeastern Switzerland to the Rhe Valley in France, and latitudinally from the Po Plains
of northern Italy to the loess belt of southern Germabwta wascollated from 88 sites, includingew

data from TrouArnaud; the full dataset is presented in Appentlix

Data useful for the spatial analysis of crop variation was collected for every site, in which each site
represented one unit of analysisThe variables considered per archaeological site included:
geographical location using the WGS84 coordinate system, altitude above sea level in metres, period

and occupation date range according to dendrochronological or radiocarbon dating, associated
archaeological culture, site type, the frequency of various crops, total cereals, and dominant crop type.
However, detail on every variable could not be gathered for all sites, especially from older reports in

which botanicateportingis often limited. Some ges are represented by multiple entries presenting

different phases, when more detailed chronological data could be gathered. The frequency of specific
crops is recordedhierarchically depencdent on the specificity of data availablin which numerical

guantity is preferred, then percentage of assemblailpen semiquantitative abundanceRegarding
semiquantitative @I £ dzSa> ONRLJA | NB NB LINBenSinfiiedSdR indivilual W LINB a S
SEFYLX S&4% a wO2YY2yQ AY YNRBlYNBRLBREFGY R df BSA Y dF
of several hundred remainsThe hierarchicalpresentation of data allowedhe most precise
representation of the crop economy to be generateithin the limitationsof the dataset although

the inclusion ofsemiquantitative data limitedaccuracyjt maximised the amount of data available

for use.In casesvherecrops were recorded only as present or absent, or remaire identifiedonly

asCerealiaa dominant crop type could not be discerned. Furthermtre,WGS84 coordinates used

are not always precise; many reports do not disclose the exact location of sites. However, an
approximate area, at least to the nearest contemporary settlement, has been identified for every

entry; this is adequate for broaskcde distribution mapping.
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3.1.2. Mapping and pattern analyses in ArcGIS Pro and Excel

Figureswere produced in ArcGIS Rmverlaying site distributions and associated crop data onto a
topographical representation of the Alpine landscape. Default World Hillstuadi&Vorld Topographic
basemaps were used in ArcGIS Poftware by Esriwhile vector files from Natural Earth were
downloaded, representing contemporary country outlines, major lakes, and rif&is map was
cropped to the study area, providing adearepresentation of tatopography of the Alpine region.
However, itmustbe consideed that the basemap depicts the preserday Alpine landscape. This has
been highly modified over the past millennia through industrialisation, farming, mining, quarrying,
and climate changealongsideglacial mobility avariable factor specific to Alpingéuslies Therefore,
maps are not wholly representative of the environment experienced by Neolithic societies. As this
dissertation took a generalisedview of the landscapeand an understanding of Alpine
paleoenvironmental history was developed prior to aiz&s, these differences do not greatly inhibit
the functionality of the figures.

XY data from the Excel spreadsheet of sites wiitlp data was exported into ArcGIS Pro as a CSV file.
Subsequently, sites were plotted across the study area. The symbdidigg data was manipulated

to create point distribution maps based time variable criteria, illustrating spatial patterning in Alpine
crop data across the entire study area and in more focused regions. For example, the dominance of
certain crop types imelation to region or site typavasexplored. These maps were used to interpret

the datasetwith considerationtowards the research guestion and objectived the dissertation,
highlighting changes in core crop packages as the Alps were populatkdling the adaptation of
cultural crop packages in response to Alpine environmental conditions and climatic cRanggons

in Excel and Powerpoint were also used to create charts and graphs to investigate proportional
differences ircrops between siesor other variable factorscomplimenting mapped data.

3.2. The case study of Tré\rnaud: techniques in archaeobotanical
analysis

3.2.1. Sampling and processing of charred material

A limiting factor in thisvork is the minimatletail provided in the published site reports regarding the
sediment sampling strategy at Tréunaud, employed by Daumas and Laudet during the 11989
excavations and in previous unstructured collections in the Galerie des Pots (Daumas & Laudet 1998;
2012). However, it is known two samples of approximately 200 seeds were collected from the Galerie
des Pots in 1956 by Marcel Coquillat of the Société Linnéenne de Lyon, with a furthe? 2@beated

in 1977 by Amne Heritier. It can be safely assumedebe were collected according to judgement
sampling, limiting interpretationgto site organisation as deposits witbss concetnated remains

were likely not collected.Furthermore,duringthe 1956 excavations, grains were perhaps collected
primarily through hand picking upon observation by excavators; thus, these assemblages are
unrepresentative overlooking smaller macrofossils and weed seeds. Extensive disturbance of the
stratigraphic itegrity of TrouArnaud was noted, resulting frothese earlydisorganised excavations
(Daumas & Laudet, 1998)
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The first systematic sampling was undertaken by Daumas and Laudet froml2986 providing
further sampling of the Galerie des Pots and ofdlegrital cone blocking the past entrance to the cave
system, the focus of the excavation (Daumas & Laudet, 1998; 2012). However, details regarding the
number and volume of sediment sampled, any subsampling undertdlio¢ation techniques, sieving

mesh stes and storage of processed material have not been published. These factors affect the
preservation of plant remains and representativeness of the assemblage on -widgescale.
Methodologies underpinning the selection of areas for sampling are alspeuaii®d. It is likely
sampling was somewhat systematic due to the broad range of contexts from which macrofossils have
been recovered. Howeverertain areas, particularly hearthappearcomprehensively sampled, while

no remains are present famany areas(see Appendib for site plans) It is likely the identified
assemblage has been biasedthg samplingstrategies andnay not accurately reflect the character

of the whole site Conseqently, interpretations of intersite organisation and chronology are
tentative toavoid the overinterpretation oén essentially incomplete dataset

3.2.2. Identification protocol

Plant macrofossils were inspected one sample at a tmség a GX XTL3T101 lgwewered
stereomicroscope at 100x magnificatiddmall portions othe sample were poured into a glass petri
dish, and individual material was systematically passed under theseimpe for inspection using a

fine pair of steel tweezers, then subsequently identified and coun@ateal grains and seeds were
examined, identified, and categorised to at least family level, thpostible according to genus and
species, and recordefollowing thelnternational Code of Nomenclature for algae, fungi, and plants
(Turland et al., 2018 his was possible in most cases of cultivated flora, allowetbisyly satisfactory
level of preservation by charring, however more fragile, smalleweed seeds arénfrequent and

poorly preserved Regarding exampleghere identification is uncertain, recordings follostandard
Y2YSYOf | 0dzNE Ay o0SAy3a OFGS3aA2NARAASR Fa W SNIIAY
comprising more than one potential candidate. For example, numerous grains appear morphologically
indistinctbetweenTriticum dicoccunand Triticum aestium/durum/turdigum(T. nuduny; therefore,
1KSaS 6SNECHMER2ZNRORdAVEC W Yy dzRdzY Qo

Plant material, including seedshaff,and other charred remains, were identified using an eliminative
method whereby potential candidates were ruled out according morphological characteristics
includingforms and size ratios in plan, profile and section, surface characteristics, diagnostic areas of
seeds such as the embryo, and to a degmeerallsize. As opposed to simple matching, this method
mitigates the effect of biases towards preconceived identifications based on the gutdished
analyses, which may lead to mistaken identities. Identification was as$igteterence texts (Hillman

et al, 1996; Martin, 2000; Jacomet, 2006b; Neef et al., 2@CHEbpers & Bekker, 2013), and one to one
comparison with charred and uncharred specimens from the modern seed reference collection at the
University of York. A catalogue of taxa, including ideatifon criteria for identified flora is described

in Appendix?.

3.2.3. Quantification

The number of individual specimens per taxon were counted according to each sample and entered
into an Excel spreadsheet to allow manipulation and exploration of data ¢ffirdescriptive relational
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statistics. These were categorised into groups s arableand ruderalweeds, and wild taxa
Quantitativetotals and the proportional percentages of eachdaxwascalculatedfor each sample
and sitewide. The full spreadshe®f macrofossil data from TreArnaud is presented in Appendix

Whole, or near complete, specimens were counted. Fragmentary cereal remains were quantified to
calculate a Minimum Number of Individuals (MNI) according to the methodology proposeddiinAnt

& Buxo (®11) in which the most represented type of transverse and longitudinal fragnveass
counted and added to the total for each taxon (see figdje This provides a higher and more
representative reflection of the original assemblage than the method proposed by Jones, ((f990)
which an MNI is generated through the quantification of one countable feature, such as grain embryo
end or hilum. The acgate calculation of the number and character of fragmented grains also provides
a greater understanding of the effects of taphonomic process upon the state of preservation. In the
case of norcereal remains, fragments were counted and divided by foulaiger fragments, in which

over one third of the individual is represented, or by ten for smaller fragments of up to one third of
an individual.Macrofossils wereof generally good levels of preservatjomostly intact with some
erosion although all level are represented between intact to ovdegraded. The level of
fragmentationfor each context, taxon, and in totaljas quantified by calculating the percentage of
remains that are represented by whole individuals, against individuals quantified via drdamI
fragmentary remains.
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3.2.4.Statistical analysis of plant data

Graphical and tabulated representations of the quantified botanical material have been created in
Excel to display basic relational statistical data. Sample andvialigquantificationsof taxawere
compared in tableto explore the proportions of differs crop type, chatyrain rich ratios, and weeds
representative of surrounding landscape. These have been plottedmatandbar chartsto display
differences in the proportions afrops recovered from different samples and stratigraphic layers
enableanalysis of intresite spatial patterning andhronological variation in the botanical assemblage.
Through thisgearly agicultural practices in the Diois have been explored, includihgnges irthe
significance of certain crop typesver time, the cultivation of crops best suited to Prealpine
environmental conditions, and the role of Trou Arnaud within the Chasséen agropastoral economy.
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4. Understanding the implications of Neolithic crop variation across
the Alpine Arc

The results of the spatial analysegardingAlpine crop variation are presented here and illustrated
through a series of maps. Agricultural adaptations made by Neolithic societies while populating
marginal environments are discussed to explore themes, including the marginakipioé plant
economies, and the environmental and climatological motivations behind crop packages. It should be
noted that climate fluctuations, while frequent, were moderate, relating more to changes in
seasonality than extreme events.

This synthesis buis upon the work by Martin (2014) and other collations of botanical data (Jacomet,
2007; Bouby et al., 2020a; 2020b; Jesus et al., 2020) from the Alpine landscape with a specific focus
upon variety acrosalpine cereal crop packages. Subsequently, newatives were generated, and

the accuracy of earlier datasets was supported.

Figures relating tarop distribution across altitudinal zones andn-cereal crops are presented in
Appendces 2 and 3 respectively

4.1.Accuracy of the dataset and presergatbiases

Sites with botanical data are unevenly distributed around the Alps, both spatially and across the
Neolithic period, primarily attributable to biases in preservation. Most sites are clustered around the
northern Prealpine Lakes of the Swiss ®at and southern Germany. Although some material is
charred, most data is represented by waterlogged macrofossils. These are oftepregeltved in an
unaltered state; thusidentifications are robust or identified to a higher specificiBpmparatively,
charred remains are subject to more distortion during burning and erosion throughdepstsitional
disturbance (Boardman & Jones, 1990; Jacomet, R@@nsequently, waterlogged sites appear more
speciesiich, particularly in undomesticated flora, thanany dry sites; thusagricultural practices,

such as fallowing strategy, are better understoosdditionally, oil crop seeds, such &smum
usitatissimumand Papaver somniferumwhich rarely survive charring, are better preserved, hence
their scare representation beyond the Lake settlements. Nevertheless, the diversity of cereal and
pulse varieties is similar across the Alpine landsctprefore,differences in packages relate to the
proportions of specific crops as opposed to a distinct specwiigultivated plants. Consequently, a
higherresolution understanding of northern Prealpine plant economies has been generated, in which
sites are more representative due to the higher volumes of remains. This contrasts with sites in
northern Italy and tle internal Alpine valleys in which few grains were preserved; therefore dominant
crop types cannot be consistently established. These limitations are highlightddllamving
discussions.
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FGURES. PRESERVATION TYPEADPINE BOTANICAL REMAIMRATERLOGGED REMAINS BRESTERED AROUND THE
NORTHERIFREALPINE LAKESAVES AND ROCKSHELTERS OCCUR IN THE VAESSERND OPEN AIR SITES DOMINATE
NORTHERNKIALY

Much data is represented by cave and rock shelter sites, particularly in the western Alps during the
Middle Neolihic. These often provide dry preservation conditions, with sediments protected from
weatherinduced erosion. Furthermore, limited flora grows in cave environments, thus most plant
remains are deposited by humans or animals (Paz, 2088)ertheless, man Neolithic cave sites
functioned as sheepfolds, therefore these layers were subjected to more mechanical stress and can
present more eroded or fragmented remains than expected in sheltered environments. Macrofossil
preservation can further vary due to tmature of occupation; sites with domestic functions provided
more opportunities for carbonisation, for instance through the drying of crops or culinary accidents,
while shorter occupied pastoral camps generally produce few remains, likely carried byestee i

feed themselves. Some op@ir sites, particularly in northern Italy, produce extremely scarce
remains, possibly resulting from the aggressive taphonomic processes on exposed sites, especially in
areas with high hydrological activity like thedRk Valley and Po Plains (Brochier, 1997).

Representativeness is also affected by the quantitative approaches adopted by resealdhehs

data is semguantitative, recording remains as present/absent or a qualitative measure of abundancy
(present, comron, abundant). This results in the underrepresentation of dominant crops and
overrepresentation of those recovered in small or individual quantities. To deal with this problem, the
data here has been hierarchically collated (in numerical quantity, in p&ge, then in nomumerical
abundance) according to the data available. Certain regions have provided less quantitative data,
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either due to the restricted recording practices or limited accessibility to data, particularly on sites
excavated during the 20century. Much data from northern Italy is semuiantitative; this problem is
exacerbated by the limited sampling of northern Italian sites, mainly deriving from -sozddi
excavations or judgement sampling (Rottoli & Castiglioni, 2008)se limitations were considered in
interpreting this dataset.
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HGURE7. TYPE OF DATA AVAILABLE PORINE PLANT REMAINSJLLY QUANTIFIED DATA IS UNCOMMON IN NORTHERN
ITALY AND AROUND LAKEESUCHATEL ANBIENNE

4.2. Chronobgy and cultural considerations in farming practices

The composition and changes in Neolithic crop packages acrosépihe landscape are described in

the following section. These are outlined and cultural, socioeconomic, or environmental motivations
for arable practices are discussed. A focused discussion of the potential for higher altitude cultivation
is presented in Section 4.3.
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FHGURES. KEYFORTHEPIECHARTS8N MAPSIN CHAPTER.

Early Neolithic (550@700 BC)

There are clear differences in crop choice north of the Alps, following the Neolithisation routes of the
Linearbandkeramik culture, to those linked to the Mediterranean stream. Even so, some
homogenisation is apparent towards the Eawjddle Neolithic trasition, implying the crossing of
high-altitude ranges by early farmers (Schworer et al., 2015; Hafner & Schwdérer, 2017).

Contrasting with later periods, almost all Prealpine Early Neolithic plant data comes from sites in the
western and southern Pregad, with only Zizers Freidau (Grisons) representing the Linearbandkeramik
package. This is unsurprising, considering the earliest Danubian groups spread primarily along loess
soils in northern Europe, while the maritime dispersal of Mediterranean farmerxsssitated
adaptation to the cultivation of poorer soils (Jacomet, 2007). Furthermore, this reinforces
interpretations of a firstly Mediterranean exploration of the Alps by farmers via ttim&NWalley and

Alpine passes between the Po basin and Swisg&laSites are mostly lowltitude, all below 700m
elevation and mostly below 500m, consistent with the Alps being explored although not yet
permanently settled (Gallay, 1990). Consequently, mountain cultivation was sparse-existant.

Crop remais from Linearbandkeramik sites are scarce on the Swiss Plateau; most botanical data was
recovered from beyond thélpine landscape on the loess band spanning Lower Bavaria and Neckar.
However, data from 20 sites collated by Jacomet (2007) provides a gutmtsianding of the crop
package bordering the northern Alpine foreland, identifyingmonococcumand T. dicoccunas the
dominant crops, while other cereals are raHordeum vulgarés present on only nine sites, generally
represented by under ten graingnd T. nudumwas recovered only twice. Zizers Freidau was less
characteristic of the Linearbandkeramik package, although this may allude to Mediterranean
influences north of the Alps towards the Middle Neolithic. This was materially attested at Grande
Rivoire between 5506200 BC by the recovery of southern French Cardial lithics and Sardinian
obsidian, suggesting an exchange network spanning to the Tyrrhenian coast (Nicod et al.B2019).
4800 BC, the arable corpus at Zizers Freidau was dominatddridgum vulgarewhileT. dicoccunis

the most common wheat with discreet amounts ©f monococcunand T. nudum Although the
preference towards glume wheats is characteristic of earlier Linearbandkeramik sites, the tiace of
nudumand dominance oordeum vulgaremay reflect southern influences.
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FHGURES. EARLYNEOLITHIC SITES IN THE NORTIPRENLPST.NUDUM DOMINATEYALAISIAN SITESONTRASTING
WITH GLUME WHEATS ON FHBTEAU

Conversely, crop assemblages south of the Alps commonly confpneelumand Hordeum vulgare
alongsideT. monococcunand T. dicoccumas the core crops. Three main packages are discernible:
those associated with the Impressa Culture observable from 5850 BC around Lombardy and Alpes
Maritimes, and those of the Cardial/Epicardial, emerging in Languedoc, and the Vho/Fioranescultur

of the Po Plains, both from around 5400 BC (Bouby et al., 2020a). All Early Neolithic data from northern
Italy is semiguantitative; thus the relative importance of specific crops per site is difficult to assess,
while assemblages are rarely representatand not robustly dated, particularly in the Oglio river and
Lake Varese areas (Starnini, 2018)
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HGURELO. EARLWEOLITHISITESN THEWESTERNLPSGLUMBNHEATAREMOSTCOMMONON
THEEARLIESSITESWHILET.NUDUMISPOPULARN THERHONEVALLEYDURINGTHELATTERIALFOF
THEPERIOD.
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HGUREL1. EARLYNEOLITHIC SITES IN TBENTRAIALPS ANIPREALPSSITES ARE HETEROGENOUSIBUT
MONOCOCCUM ANHORDEUM VULGARE ARE MOST COMMON

Groups of the Impessa culture represent the first Prealpine farmers, occurring on coastal sites. The
cereal assemblages at Pizza di Bodio (Lombardy), Arene Candide (Liguria) and Pendimoun (Alpes
Maritimes) include a dominance of glume wheat3. dicoccunin the cases of Pizzo di Bodio and
Arene Candide an@l. monococcumat Pendimour alongside somélordeum vulgar@nd T. nudum

in trace quantities. This is typical of the Impressa crop parcel and differs little from the first Impressa
sites on the westerrdtalian peninsula, although the choice of hardier glume wheats perhaps aided
adaptation as groups explored inland from the northern Mediterranean (Bouby et al., 2020a).

The later Vho/Fiorano package emerging around the Po Plains is broadly simildme loapbrtance

of Hordeum vulgarés more significantwhile glume wheats, especially monococcunretain their
significance;T. nudumis also present, although mainly on sites with small sample sikes.
monococcumbecame especially common in northéas Italy, present on all sites in eastern
Lombardy, TrentindAlto Adige, and FriuNWeneziaGiuli, although its importance diminishes in the
western half of the Po Plaing.. dicoccumis frequent in lower numbers, present on half the
Vho/Fiorano sites. \Wle T. nudumoccurs on half the sites, it is represented within minimal sample
sizes along the Oglio riveronly five and seven total cereal grains were assessed at Vho Campo
Ceresole and Isorella respectively. Nevertheless, it was common at the ref@@sensite of
Sammardenchia (FruMeneziaGiulia), suggesting’. nudumwas regionally cultivated but less
extensively than glume wheatdordeum vulgarés very common, present at nearly all sites, excluding
the unrepresentative site of Isorella, and tise only crop present at Cecima; its dominance at
Sammardenchia further highlights its regional significaricespeltaappears in small numbers at
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Sammardenchia, but is rarely recovered elsewhere in the Alps, thus possibly represents a weed of
cereal creps (Martin, 2014).

One notable cluster of sites occurs around Lake Varese, with a distinctive crop package df.solely
dicoccumand Hordeum vulgargpersisting over the Early Neolithic at Pizzo di Bodio and Isolino. This
regional reduction in crop diveitg coincides with the limits of the Gruppo dell Isolino archaeological
subculture, derived from Impressa and Vho/Fiorano influences (Baioni et al.,. Zl@&)ugh Varese

is on average cooler than the surrounding Lombardian prealpine villages, thddorpapularity of
glume wheats suggests a cultural preference Tordicoccums more likely than environmental
influences, implicating the development of distinct agricultural characteristics between the Alpine
foothills and Po Plains.

Contemporaneously on the western edge of the Alps, the Cardial package contrasts with the
Vho/Fiorano parcel, comprising mosfly nudumand Hordeum vulgarewith smaller amounts of
glume wheats. In the Rime Valley,T. nudumwas the most popular wheat viaty on Cardial sites. It
forms the dominant crop at Fontbregoua (Var), and the primary wheat variety at La Valladas (Dréme),
reflecting increasing popularity during the Early NeolitHitordeum vulgarewas an extremely
significant crop; while underrepreated at La Valladas by segpiantitative data, Martin (2014) notes
Hordeum vulgareomprises 95% of cereals. Mirroring the situation in Iberia Bf audumHordeum
vulgare package, particularly following the emergence of the Epicardial in Provence, thierwe
Prealps were clearly associated with Western cultural groups (Bouby et al., 2020a).

Notably, the divide between the Cardial and Vho/Fiorano cultures lies roughly around the Alps.
However, as Early Neolithic Mediterranean cultures primarily undenaemtaritime dispersal, this
perhaps reflects western Epicardial influences in thériehValley rather than a separation influenced

by Alpine topography. Reinforcing this, the occupation of the most representative site, La Valladas,
between 50364800 BC, dacides with the northwards spread of the Epicardial along théneh
(Bouby et al., 2020a). Meanwhile, Impressa and Vho/Fiorano groups were influenced by cultures on
the Adriatic coast and southern Italy, illustrated by material cultural differences wihpg in
southern France regarding burin ugear and ceramic typologi€Starnini, 2018)

The internal Alpine valleys are represented only by two sites, both in the Valais; Tourbillon (Sion) and
La Gilliere, dated broadly to 4900 BC. Crupee likely cultivated in the valley bottoms, dominated by

T. nudum with Hordeum vulgarelso wellrepresented and discreet amounts of dicoccumTheir

links to Mediterranean populations via the &te Valley and Po Plains are implied by this consigtenc
with Cardial crop packages, while ceramics at Tourbillon share characteristics with the Gruppo dell
Isolino (Martin, 2015)Nevertheless, groups in the Valais continuously operate with an independent
crop package throughout the Neolithic. The margigabf inner Alpine Upper Réne Valley groups

was reflected in both crops and material culture; the persistence of Mesolithic lithic technologies into
the Middle Neolithicat Gardon (Ain) suggests limitedsociatiorwith surrounding Neolithic groups
(Periin, 2003).

Beyond the cereal data, evidence for pulse cultivation is Riseim sativumvas recovered from three
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sites, at Zizers Freidau (Grisons), La Valladas (Dréme), and SammardenchMe(ieaigiGiulia),
although limited remains identifieds Viciasp. from Arene Candide (Liguria) suggests some pulse
cultivation. Jacomet (2007) noted peas were an important element of the Linearbandkeramik plant
economy, present at 12 of 20 sitdsens culinarisvas much rarer, recorded in small quantitiels a
Sammardenchia and Arene Candide, and on 6 of the 20 Linearbandkeramik sites (Jacomet, 2007).
However, poor preservation has likely contributed to the underrepresentation of pulsssmmay
sometimes losedentifying characteristics, including the hilymuring charringthus their rarity is
unsurprising considering thaimilarly poor preservation afouthern Early Neolithic cereals (Fuller &
Karoune, 2006) Even so, its broad geographical recovery implies cultivation in both
Linearbandkeramik and Mediterranean packages, albeit less frequently than cereals. Interestingly,
Bouby (2020a) noteRisum sativums only recovered prior to 5000 BC in the Early @anglase.
Although corroborated by this dataset, further sampling is required to determine whether pulse
cultivation genuinely declined in the Recent Cardial, or if preservation biases misconstrued their
importance. Similarly, the cultivation &apaver smniferumwas limited to the Valais and on Zizers
Freidau, whild_inum usitatissimuris absent in the Early Neolithic. Although, this is partly due to their
limited preservation on dry sites, becoming more common following the settlement of lakeside sites.

Overall, the Early Neolithic Alpine plant economy reflects the Linearbandkeramik and Mediterranean
routes of Neolithisation, demonstrating differences between northern and southern packages. A
specifically Alpine character had not yet developed, as pamkages rarely diverged from the wider
picture in western Europe. Crop choice was mostly affected by cultural preference over environmental
motivations, with some subgroups emerging in environmentally marginal regions such as the Valais
and ltalianPrealps.

Middle Neolithic 1 (47064100 BC)

The Middle Neolithic 1 is characterised by the increased settlement chigidaltitudes and some

early settlement of the Prealpine lakes centred around Neuchéatel, Zug and Zurich. Climatically the
most stable perid during the Neolithic, this is unsurprising, as mountain conditions were warmer and
less humid (Magny, 2004). Material culture and botanical evidence allude to greater contact between
populations on northern and southern sides of the Alps, in which maarys pof the Alps are
incorporated into the broader Mediterranean cultural sphere, while subgroups become distinct in
marginal environments. This highlights the existence of-esthblished and wideanging exchange
networks involving the traversing bfgh-altitude ranges.

Crop packages around the northern Alps followed generally similar trends, with some regional
nuances. Tetraploid varieties df nudumbecame most popular alongside comparable or smaller
numbers ofT. monococcurandT. dicoccumThs corresponds with a period of climatic stability (5250

4250 BC) comprising higher temperatures and lower precipitation, creating ideal cultivation conditions
for T. nudum welladapted to aridity and temperate climates (Magny, 2004). Meanwhile, the Neckar
and Bavaria regions north of the Alps retained a preference towards glume wheats, distinct from the
Alpine crop packages (Jacomet, 2007). Indicating an increasing Mediterranean influence across the
Alpine landscape, the popularity @ nudummirrors itsrise in Chasséen and St Uze crop packages
across southern France and the @Rk Valley; influences from the west are supported by the
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preceding persistent recovery of tetraploid wheats in Iberia during the Early to Middle Neolithic
(Martin, 2016; Jesus et.a2020). Influences may also stem from the Michelsberg culture that spanned
from the Paris basin to Eastern Rhine, in which hexaploid wheats dominated alofgsiid®ccum
comparable to crops at Kleinerhafner (Zurich) (Martin, 2016). Neverthelessylagral technologies
employed in the Alps mirror those in the Mediterranean, distinct from those of northern and Central
Europe. Adaptation of Mediterranean technologies was reflected at Egolzwil (Lucerne), where two
stage reaping knives, originating iar@ial Provence during the"anillennium BC, were adapted for

the high yields from Egolzwil cereal fields, contrasting with curved sickle technologies in the German
loess belt (Gibaja et al., 2017)
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FHGUREL2. MIDDLENEOLITHIA SITES IN THE NORTHEREALPSNCLUDING THE FIRST LAKESIDE SETTLEMENTS
NUDUM ANDHORDEUM VULGARE IS COMMEBSPECIALLY IN THELAIS

Hordeum vulgarés common in the northern prealps, but usually sedany toT. nudum although at
ChamEslen the sample comprised only 33 gralerdeum vulgaralso plays a diminished role on
sites associated with the Egolzwil culture on the western bank of Lake Zurich, and on-ResEgn

site of Pfafersbuel (Saint Ba possessing similar climates to Egolzwil sites around Zug, this likely
related to socioeconomic or cultural motivations rather than an adaptation to ecological conditions
Additionally, a minimal popularity dlordeum vulgar@round Lake Neuchéatelag perhaps linked to

site function. Derriere La Croix and Vaumar@mmps Devants were part of a megalithic complex
associated with the Early Cortaillod culture centred around Neuchatel (Wuthrich, 2008 Late
Neolithic evidence of barley breadave been discovered in Zuridhordeum vulgarenay have been
seen as a lovstatus crop, hence its underrepresentation at sites in which ritual consumption was
likely represented alongside domestic waste (Heiss et al., 20lfed as less useful for bal than
Triticum sp, producing coarse, dense, and unstable dough when using modern varieties, it is more
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suited to stews, porridges, or flatbreads (Niffenegger, 1964€uz2020). This may indicate a crop
hierarchy, similarly observed in "t @entury southwestern Germany in which barley bread dominated
in economically turbulent times (Korb&rohne, 1987)

Although the components of the Valaisian crop package persist from the Early Nedlithitsum
vulgareovertakesT. nudumin popularity at La Gilliere (476350 BC) and Saviese La Soie (485D

BC), whileT. dicoccunremains discreet. At Les Saturnaglés/. Ritz, onlyf. nudumis recovered,
however, this is dated to the Middle Neolithic2ltransition (42568750 BC); the reason for this
difference is uncertain. Despite sharing ceramic material consistent with Cortaillod traditions at
Neuchétel, this saaity of glume wheats is unique in the Alpine landscape, notwithstanding the St Uze
cave of Gardon yielding only 6 grains. This suggests farmers in the Valais formulated agricultural
strategies independently from surrounding groups, rather than passivdbptang approaches
developed byneighbouring cultures.

In the southern and western Alps, a different character is demonstrated in crop packages either side
of the Alps. The Rime Valley is represented mostly by caves and rock shelters, with only Leis$/oul
(Dréme) an operair settlement T. monococcuntHordeum vulgareandT. nudunwere most common,
alongside limited'. dicoccumThe popularityf T. monococcuiis notable, occurring on every site but
Gardon, whilél'. nudunalso appears on all sites. Thegence ofl. dicoccuns confined to the Middle

and Southern Rbne Valley, however, the northern sites yielded especially small sample sizes (Gardon,
Aulp du Seuil, and Grande Rivoire). Even so, Martin (2016) suggests an incieatiedncuntan be

traced to Iberia around 4500 BC, its exploitation increasing during the Middle Neolithic; thus southern
sites exhibit these influences more intenseordeum vulgares usually significant, present on all
sites, albeit with only seven examples at FontbregoBeoadly, western Alpine assemblages are
comparable with Chasséapen-air sites in the Rine Valley lowlands and south of the Massif Central
(Martin, 2016; Jesus et al., 2020). This is also indicated in western Alpine ceramic assemblages,
consistent vith Chasséen typologies in the Prealps, including at Trou Arnaud, and in the internal
valleys at Le Chenet des Pierres (Savoie), reinforcing the extension of the Mediterranean cultural
sphere across the Alps (Borrello & Willigen, 2011)
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FGUREL3. MIDDLENEOLITHICSITESN THEWESTERNLPST.NUDUMANDT.MONOCOCCUMRE
COMMONIN THEWESTERRREALPSYHILEHORDEUWULGAREPREVALENN THEINNERALPS
ANDNORTHERNALY.

Nevertheless, a distinct preferencea tdordeum vulgarevas observed as groups travelled deeper into
the Alpine landscape. Within the internal valleys of Savdierxdeum vulgareepresents the only crop

at Bessans Le Chateau at 1750m (La Maurienne), and 92.5% of cereals at Le Chenet dest Pierre
940m (Tarentaise). Similarities with lemid altitude Chasséen farming strategies were observed
through the limited presence af. monoccocurand T. nudungrains at Le Chenet des Pierres. While
the dominance ofHordeum vulgareis reminiscent of the B package in northern Itglythis
LINBETFSNEYOS 461 a4 LISNKILA SYBANRBYYSy(Glftte AyTFtdsSyoOs-
Hordeum vulgarés insignificant; Martin (2014) noted cultivation was unlikely on the difficult terrain
surrounding thesite; thus the crops are representative of the valleys below. Therefore, divergence
from broader trends at Savoie is probably linked to mountain cultivation. Nevertheless, the co
occurrence of Chasséen and VBQ influences ilAlpi@e passes is unsurprig since the NRVwas
identified as a centre of eclogite circulation networks while the primary eclogite outcrops lie on the
opposing side of the Alps in the Aosta Valley and Cuneo (Piedmont) (Bouard & Fedel@hird9g;

2005)

On the other sideof the western Alps, in the Alpddaritimes and northern Italy, the influence of
groups from southern Italy does not persist beyond the Early Neolithic. Remains from the Middle
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Neolithic 1, generally associated with the VBQ culture, are scarce and ahuosites can be
considered representativelue to their small sample sizes. Most remains were recovered from
Valgrana Tetto Chiapello (Piedmont), totalling 4341 remains, albeit 3074 are identifieédrealia

type. A lowresolution picture can be summaed: glume wheats retain their popularity, with
dicoccumslightly more popular, present on 9 sites, while monococcunoccurs on 5. Divergent
morphological characteristics have been detected irdicoccunaccording to their place of origin
during the Early to Middle Neolithic in northern ltaly, suggesting varieties were chosen with regards
to their environmental contextgFiorentino et al., 2000 Hordeum vulgareemained important,
comprising 67% of the identifiable remains at Valgrana Tetto Chiapello, and always pessérding

at Casalnoceto which yielded only poorly presendgdicumremains T. nudumis mostcommon
towards the western Po basin and the coast, discreetly present on 5 of the 11 sites, and never
dominant. Although, Rottoli & Castiglioni (20@&ested its increasing popularity across the lowlands

of northern Italy during the Middle Neoliit at lower levels than in southern Italy. Despite strong
connections with the Chasséen culture, with considerably overlapping ceramic typologies, farming
practices appear distinct in the VBQ sphere, with a preferencé.fdicoccunand Hordeum vulgarg
possibly influenced from the east by the preference for glume wheats in Bulgaria and the Black Sea
region (Basso et al. 200@ven so, the intern@lpine passes undertook the role of highways, resulting

in overlapping crop and ceramic assemblages Woi®ahighlighting connections across the Alps.
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HGUREL4. MIDDLENEOLITHIG SITES IN THEENTRAIALPS ANODPREALPSGLUME WHEATS ANBDRDEUM VULGARE
ARE CONSISTENT IN NORTHEASITRRN

Occurrences oPisum sativunare scattered around the Alpine region, common on the Swiss plateau
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in significant numbers, and to a lesser degree in thérghValley and Po basin, albeit often
represented by an individual specimen, and wepresented in Valais with 69 specimens iniSse

La Soie. While their occurrence is more numerous on waterlogged sites, pulses were not as extensively
cultivated as cereals, yet are geographically broadly represerteds culinarigs rarer yet also
widespread, appearing discreetly at Rocca di btha (Lake Garda), Egolzwil 3 (Lucerne) and Trou
Arnaud (Diois). This limited appearance is likely due to poor preservation.

Linum usitatissimunfrequently appears around the lakes of the Swiss Plateau in small humbers,
increasing into the Middle Neolithi2 as the lakes are more densely settled; it is unrepresented

beyond this regionPapaver somniferuris especially common around Zurich and Zug, often present

in high numbers, with 4663 examples at Egolzwil 3. Interestingly, 421 seeds were recoverée from

Chenet des Pierres (Tarentaise) despite being uncommon in the western Alps, described as chance
preservation (Martin, 2014). Oilseeds and pulses were likely cultivated in the southern regions,
however, due to underrepresentation on dry sites, they wam preserved. This is highlighted by

their significant preservation in Middle Neolithic wells at La Bagnoles (Vauelnden the Early

bS2t AGKAO G ¢~ o JpDsebdRh,2@@0). 6. 2dzo6é& S I f dX Hnamd

Alpine crop packages adopted a more Metianean character by the Middle Neolithic 1, even up to
the northern Prealps. Even so, crop packages either side of the western Alps formed distinct
subgroups, separated by the high ranges, Witmudummore popular on the northern and western
sides, wile glume wheats were common in the Po basin. Sites in the internal Alpine valleys
demonstrated connections on numerous sid#gshe Alps, with crop choices mirroring those of the
Chasséen through the presence Bf nudumand T. monococcunand materialculture reflecting
northern Italian VBQ influences, however their agricultural strategies were adapted to the mountain
environment in whichHordeum vulgarevas preferred.

Middle Neolithic 2 (41068500 BC)

Alpine settlement intensifiedluring the Mddle Neolithic 2, characterised by population growth and

an increase in the size and number of north€raalpine lake settlements, while crop packages were
adapted as agropastoral activity developed at +high altitudes. Cultural influences frobeyond the

Alps are attested in the regional crop packages; however, developing cultural preferences were
perhaps ecologically triggered.

The crop package across the northern Prealpine lake settlements became distinctive with rare
exceptions.T. nudumwas most prominent, withHordeum vulgarein secondary quantitiesT.
monococcunmandT. dicoccumwere frequently found together in smaller numbers. This is consistent
across sites associated with Cortaillod, Pfyn and Horgen cultures with minimal variaigtrating

an increasing importance df. nuduminto the Late Neolithic. Yield density and reliability was likely
prioritised as the population grew, favouring frd&reshing wheats which provide high yields for low
labour input. ParticularlyT. aestivunprovides the highest yields of all grain species, while suited to
nutritious, loamy soils and is relatively frost resistant (Kirleis and Fischer,. 20itpicture between

the western (Neuchétel and Bienne) and eastern (Zurich and Zug) lakes is. $ifovlaver, some
differentiation possibly arose from greater Central European influences on the eastern lakes,
illustrated by the presence of copper and crucibles on Pfyn sites, while western lakes demonstrate
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more influence from the Rine (Jacomet, 2007 slightly higher popularity of glume wheats is
possible around the western lakes, although their importance is perhaps overrepresented due to often
semiquantitative datasets from this region. Nevertheless, glume wheats were dominant in two
instances T. monococcumwas best represented alongsidé&. nudumat Concise Sous Colachoz
Ensemble (Neuchatel), afid dicoccuntomprised63% of wheat grains (and 34% of total grains) at
the more representative site, Port Studeli (Bienne). This is interpreted as-spsitdic preference at
Concise, relating to its long occupatioaver 3000 yearsin whichT. monococcurwas suitable for a
degraded soil (Karg & Markle, 200Eyven soJ. monococcurts better represented on the northern
edge of Lake Bienne, contiimg into the Late Neolithic, possibly reflective of differing topography.
While the southern banks are surrounded by the fertile Swiss Plateau, the northern edge backs steeply
onto the Jura mountains; the preferent@r T. monococcumay reflect more chadinging agricultural
conditions and the cultivation of poorapils (Brombacher 1997)
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HGURELS5. MIDDLENEOLITHI@ SITES IN THE NORTHEREALPST.NUDUM IS VERY COMMORARTICULARLY
AROUND LAKEAJG ANDZURICHWHILET.DICOCCUM DOMINATES ON THEA

The Valaiscludegshe sites of Av. Ritz, dated to the Middle Neolithi2 fransition, and Petit Chasseur
(40003800 BC). Both sites are associated with Cortaillod material culture, however, the crop
assenblage at Petit Chasseur diverges from those at Neuchéatel and Bienne through a joint dominance
of T. monococcurandT. dicoccumThis aligns with the situation in southern France and th@nRlin

which glume wheats experienced a resurgence, solidifyingligterctiveness of Valaisian populations
from northern lake settlements, and the persistence of Mediterranean influences. However, even
further-reaching influences cannot be discounted. Flint from Gs#areksigny (Loire Valley) was
recovered at Petit Chasur, highlighting the participation of inner Alpine communities in wider
Neolithic trading spheres (Affolter, 2011).
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The Jura mountains yielded data from just one si#otte aux Magnins which displayed a character
distinct from the Cortaillod/Pfyrpackage of the Swiss Plateau; 96% of the assemblageTwas
dicoccum with someT. nudumand traceHordeum vulgarelLying beyond the study area on the
northeastern edge of the Jura, the assemblage at Gonwvillars (¢.4700 BC) mirrors this (Schaal et al 2015
This suggests more affinity with groups to the northwest of the Alps, Witticoccundominating in

Middle Neolithic 2 sites in northeastern France at Au Dessus di Bergis (Franche Comte), Ingenheim
6! far0OSuz yR {2t S RQ denatchtiighhy GbRndzxi&s ofAlpinedderities 0 >
(Martin, 2016).

Glume wheats regained popularity after 4000 BC in the Chasséen lowlands of southern France; Bouby
et al. (2020b) attested the dominance Bf monococcuron openrair sites, while Martin (20)&oted
increases ifm. dicoccumspeculated as influences by groups from northern ltaly (Jesus et al., 2020).
This is not always reflected in the Western Prealps, wherenudumretained its dominance,
represented in the Alpes Maritimes, Diois, Var, and even into the Tarentaise, Winile ggheats were
secondary anddordeum vulgargemained commonT. nudunrepresents over half the assemblage

at Antonnaire (Diois) and was identified at Grande Rivoire (Isere) despite the small sample. Delhon et
al. (2009)hypothesised the lowland uptarin glume wheats was related to increased soil erosion
associated with the intensification of agriculture and anthropogenic fires alongside climatic
degradation. SimilarlyT. monococcumvas grown in the Aegean as a reliable buffer crop, often
recovered #ongside hardy crops, such ¥gia ervilia around poor soils (Valamoti et al., 201The

later and less intensive arable development of marginal regions perhaps meant Alpine soils were less
degraded, thus the shift to glume wheats was delayed (Gallay, 1990). Alternatively, wheat cultivation
may relate to site function; ethnographically, monococcuris cultivated for its strong stems, used

in thatch and basketry (Pefiahocarro, 2009 Notably, most sites in the Western Prealps are caves
and rock shelters. Priorities of farmers at these sites possibly differed fromapsites, conislering

thatch shelter is less necessary when using natural cave shelters, and concerns centred more around
reliable growth and transportation logistics in challenging terrain where-tineeshing wheats are

lighter and less labodntensive. However, this speculative considering the scarce preservation of
organic remains on dry sites and discounts the cpgrsite of Les Chenet des Pierres.
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HGUREL6. MIDDLENEOLITHIQ SITES IN THE WESTERIRS T.NUDUM CONTINUED TO BEDESPREAD ALONGSIDE
GLUME WHEATSVITHT.MONOCOCCUM ON THE WESTERN SIDE Y PEENDT.DICOCCUM ON THE EASTERN EDGE

The increased popularity of glume wheats in southern France possibly had dligizabmotivations,

as the lower mean temperatuseand diminished precipitation from 4000 BC would affect yields of
nudum(Pala et al., 1996; Contreras et al., 20I8)is coincided with changes in subsistence around
the western Prealpine lakes, as faunal remains indicate a resurgence iamiél consumption
attributed to crop failure and environmental stress affecting livestock (Kerdy et al., 20/8le the
persistence oflf. nudumin the northern and western Prealps may be surprising considering the
widespread climatic deteriorationhe higher rainfall in this area perhaps meant yields remained
sufficient, despite the cooling temperature. Additionally, morphological variation mudumacross

the lake settlements suggest numerous varieties were cultivated, likely adapted to vacgiogieal
niches and climatic conditions (Maier, 1998his perhaps highlights cultural differences in adaptation
to marginal environments and resilience to climatic stress. While populations north of the Alps were
equipped with numerous varieties oésilient freethreshing wheats, those to the south selected
glume wheat varieties or shifted between hulled and fteeeshing grains to suit environmental
needs.

Interestingly, the crop assemblages at hatitude in La Maurienne and the Tarentaisee
heterogenous. The components are reminiscent oférith Valley assemblages, comprisifig
monococcum T. nudumand Hordeum vulgare with T. dicoccumalmost absent. However, a
combination ofT. nudumandHordeum vulgarelominated at Les Chenet des Pier(¢6003500 BC),
while T. monococcumomprises 95% of grains at Les Balmes (Z@D BC). The later occupation of
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Les Balmes perhaps indicates a delay in the adoption of cultural influences from the solith as
monococcunmgrew in popularity earlier in th&kidne Valley, indicative of the relative isolation of
populations in the Alpine passes (Bouby et al., 2020b).

The situation in Liguria and the western Po Basin is less clear due to imprecise radiocarbon dates that
span the entire Middle Neolithic, thuspeding understanding of this regioNortheastern Italian

sites are more common during the Middle Neolithic 2, however sample sizes remain small.
Comparable to southern France, glume wheats &twtdeum vulgaredominated, albeit with a
preference towads T. dicoccumwhile T. monococcunand T. nudumwere rarer.T. dicoccunis

present on all sites in eastern Lombardy, Trentiito Adige, and FriuWeneziaGiulia, dominating at

the more representative sites of Monte Covolo and La Vela, Wwitdeum vidareoccurred on every

site. T. nudumis on 6 of 8 sites, whil€. monococcuris on 5, neither in dominant quantities. La Vela
BASEtRSR UKS 2yfé NBO2NRSR 2 0OMzNNBgscafe hawkveritisS Wy S ¢
may change with reanalysis efrlierstudied material (Jones et al., 200@riginating in Central
Europe and the Balkans, this demonstrates connections with Mediterranean sites south of the Alps,
highlighting an important route from Central Europe to the Po Plains (Rottoli &naes2007;
Marinova 2014)
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HGUREL7. MIDDLENEOLITHI@ SITES IN THEENTRAIALPS ANOPREALPSI.DICOCCUM ESPECIALLY COMMON ACROSS
THE REGIQN
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Pisum sativunnemains welrepresented across the Alpine region, generally in small quantities. These
are unsurprisingly more abundant in the northwestern Alps on waterlogged sites, but especially
around Lake Bienne, possibly relating to different preferences betwpeaific lakes or as a chance
preservation. Converseliens culinaris extremely rare, appearing only in the southern Alps at Rocca
di Manerba (Lombardy) and Giribaldi (Algdaritimes); this is unexpected considering the high
preservation on lake sitesuggesting a Mediterranean character for its cultivation, or a fall in
popularity among the cultures of the northern Prealps.

Linum usitatissimungrew in popularity, becoming abundant among the lake villages, particularly
surrounding the eastern lakes @onstance, Zurich, and Zug. This popularity is likely attributable to
the intensification of textile production, attested by increasing recovery of loom weights, including in
Clairvawand northern Italy, despite its archaeobotanical absence (Rott@laétiglioni2008; Schaal

& Petrequin, 201h Papaver somniferurwas abundant across the Swiss Plateau and the Jura; only
one instance was recorded in the south, at the waterlogged site of Palu di LivenzaVé&mitdia
Giuli). These longitudinalstrepancies are likely based on differing preservation conditions.

Throughout the Middle Neolithic 2, the northern, western, and southern sides of the Alps adopt
distinct crop packages through which the Mediterranean character persistsiduncontinued being
characteristic of the northern Prealps, while glume wheats dominated to the west and south. The
internal alps wereagriculturallyheterogenous, demonstrating multiple influences suggesting their
crossing and contact with lowland groups, howeglevelopingindependently to reflect their relative
isolation andenvironmentd limitations.

Late Neolithic (3502500 BC)

The Late Neolithic is characterised by population growth around the Alps, including in marginal high
altitude areas (Gallay]l990). Consequently, site frequency increased substantially on the Swiss
Plateau and the Jura. However, this is not replicated in the Prealps around dine Rhalley and Po
basin, attributable to limited preservation of opeiir sites. Thus, crop packadesyond the northern

Alps are lowresolution. Nevertheless, nuances in arable practices were identified relating to climatic
instability and cultural diversity.

A widespread climate change is documented between 380T0 BC, characterised in tB®iropean

Alps by a falling treeline, wetter conditions, and a drop df 3 Cin summer temperatures (Magny,
2004). At the onset of the Late Neolithic, nuduncontinued its dominance across the Swiss Plateau,
with Hordeum vulgareas closely secondary.. dicoccumregained popularity and was present on
almost every site in small quantities, whilemonococcunwas less significant; glume wheats became
more common, possibly as a safety net crop in adaptation to increasingly challenging climatic
conditions.This crop package occurs on Pfyn/Altheim sites around Constance (Odenahlen, Zeigelhutte
Wallhausen, Sipplingen, but also KanSan on Lake Zurich), dated to the-Matkldeolithic transition,

and is near identical to those typifying the later Horgen c@tudemonstrating continuity in
agricultural strategies despite changes in material culture. One exception appears at Horgen sites
around Lake Bienne, &fordeum vulgareonstituted a higher proportion of assemblages. This may
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relate to environmental instabty caused by oscillations of climatic degradation over the Late
Neolithic. Today, the shores of Lake Constance and the western Jura experience more favourable
conditions than Neuchatel, Bienne, and Zurich, thus Neolithic climatic fluctuations werepgdidia

more intensely, necessitating resilient crop choices to ensure yields (Schibler & JacomefT2@10)
continued resurgence of hunting on the Swiss Plateau supports this influence of climate on
subsistence strategies in the Late Neolithic (Schi&l@acomet, 2010).
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HGURELS8. LATENEOLITHIC SITES IN THE NORTIFREWLPST.NUDUM IS COMMON THROUGHQWTTH A GREATER
POPULARITY G#ORDEUM VULGARE TO THE WESNTRASTING THEMONOCCOCUM DOMINANCENECKAR

The assemblage at Freiberg Geisingen (Neckar), associated with the Schussenreider culture, is an
obvious outlier. Bordering thélpine landscape on the German loe$smonococcurwas the most

popular crop, whileHordeum vulgaréas common, andl. nudumis present in smaller quantities,
highlighting the distinctiveness of tidpine plant economy.

Saviese La Soie (358000 BC), associated with the Lucherz culture, represents the \Wtaieum
vulgareand T. monococcurwere equally predominant, whil&. rudumwas rarer. This reduction of

T. nudumoccurred prior to its downturn on the Swiss Plateau. Changes in culinary preferences to
reflect identity are plausible as Valasian populations became increasingly culturally distinct; for
example, unique settlemerstructures were innovated in the Final Neolithic through unusual semi
buried circular houses (Mottet et al., 201Qonversely, climate degradation may have had significant
consequences at Saviese La Soie at 850m elevation, necessitating theoflfimsetolerant crops.
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In the latter half of the Late Neolithic, the popularity Bf nudumdiminishes, reduced in humbers

from 3000 BC to its near absence by 2800 BC, particularly on Cordedware/Campagniforme and
LucherzAuvernier sites clustered arad Neuchéatel, but also spanning the Swiss Plateau. This decline
coincided with the ascendence of Cordedware culture (Brombacher,)19%fs coincidence was
observed at Mozartstrasse (Zurich) in whichdicoccunis equally important tol. nudumin Horgen

phases butwas dominant within the Cordedware levels dated to 2700 BC, while the site of
Mythenschloss (Zurich) stands out through its dominanc&.aficoccunagainst the earlier Horgen
settlements.T. speltaappears discreetly at Surles Rochettes (@©éel) around 2450 BC but was an
insignificant crop in the Late Neolithic.

Similarly in the Jura, the Cortaillod sites of Clairvaux Stations Il and Il ificluggumandT. dicoccum

in similar proportions with a preference fétordeum vulgareSubsegantly, T. nudumwas absent on

the Clairvux Ancien site of Chalain (3@8¥0 BC), and minimal in the Cordedware/Campagniforme
site of Derriere La Croix. Similarly in &V, T. dicoccuntomprises 93% of cereals at the Lucherz
Auvernier site of Chavraignéss Baigneurs (2462300 BC). The shift towards glume wheats appears
consistent across the northern and western Prealps, with a slight preference tolWadadccumThis
perhaps results from its shorter maturation time comparedltomonococcuproviding increased
reliability during shortened growing seasons in periods of climatic degradation, in which the northern
Alps were more vulnerable to this shortening than the warmer climates in the south (Troccoli &
Codianni, 2005) Nevertheless, this change was -faaching, stretching contemporaneously to
southern France a§. monococcungained popularity around the Massif Central, persisting into the
Bronze Age, implying a more widespread climatic deterioration (Bouby et aDpP0Rurthermore,
climatic stressors were perhaps exaggerated by the impoverishment of soils following the Middle
Neolithic intensification of arable farming, including the cultivation poorer soils, and increase of yield
densities to accommodate for poptian growth. An increasing frequency of weeds of nutrient poor
soils, such a¥icia tetraspermaEuphorbia exiguandTrifolium arvensearound Lake Bienne supports
this (Brombacher, 1997 onsequently glume wheats were preferred, being less demaruirgpils

yet cultivatable in both winter and spring (Hajnalova & Dreslerova, 2015).
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HGUREL9. LATENEOLITHIC SITES IN TNESTERMLPS HORDEUM VULGARE DOMINATESAIHENE SITES/HILET.
DICOCCUM DOMINATES TMBDLERHONEVALLEY

Thee are relatively few sites dated to the Late Neolithic in the Southern and western Alpine areas.
The known sites are represented by the caves and rockshelters of Les Balmes (La Maurienne), Balm
Chanto (Piedmont)both lying within the montae zone over 1350m, and Pendimoun (Alpes
Maritimes) at 690m. Although Pendimoun produced only 26 grdiosgdeum vulgarelominated at

all sites, retaining its significance throughout the period. Despite almost a millennium separating the
occupation of Les@mes and Balm Chanto, the popularity of glume wheats persisted, althbugh
nudumwas in similar quantities td. dicoccunmat Balm Chanto and was the only wheat variety at
Pendimoun. While material culture at Les Balmes is consistent with Auwunibee and Horgen
influences, the preference for monococcuns unusual, thus likely related to a mountain cultivation

(Rey & Marguet, 2016)

Hordeum vulgareand glume wheats are the only cereals represented in the Italian Alps, albeit the
most representative site being Monte Covolo (Lombardy) with only 126 grains, while all sites besides
the Iceman are dated after 2800 BIC.monococcurwas present on all &s, including grains carried

by the lceman mummy (Trentirdlto-Adige) and at the nearby settlement of Latsch (Festi et al.,
2011),thus was likely widely cultivated, however the limited data means the importance cannot be
assessedTl. nudunis absentreflecting the situation in southern France and the northern Alps. Even
so, the total absence is remarkable, possibly as a continuation of trends from the Middle Neolithic 2.
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This reflects arable strategies distinct to the Po plains, that permeated ihé rhountain
communities, as around Latsch and Tolerait (TrenAfto-Adige).
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HGURE20. LATENEOLITHIC SITES IN TBEHNTRAIALPS ANOPREALPST. MONOCCOCUM IS MOST COMMON FROM THE
PREALPSTO THE INNER PASSES

Pisum sativundeclined in the Late Neolithic. Although possibly linked to limited preservation in the

southern and central Alps, no pulses were recovered at the Late Neolithic lowland sites of Clos de

Roque (Alpes Maritimes) and Mas de Vignoles (Westedn&Yalley) (Figueiral & Sejalon, 201dsus

et al., 2020). While widespread in the northern Prealps, pulses were only abundant at Saviese La Soie
(Valais), perhaps relating to the independent Valaisian farming strategies where animal proteins may

haveheld less importancd.ens culinarigs uncommon, appearing in the northwestefpine region

in the Jura, Valais and Lake Neuchéatel, and Rocca di Manerba on Lake Garda. Its absence in the

northeastern region suggests Mediterranean characteristics.

Linum usitatissimunwas abundant across the lake settlement region, particularly on Horgen sites. To
the west, it was common in the Jura aliiR\, while its absence in the western and southern Alps and
Italy is certainly due to preservation and sampling bias&paver somniferunwas intensively

cultivated across the Swiss Plateau and the Jura until around 2800 BC, more widely distributed than

during the Middle Neolithic. Martin (2014) notes its cultivation dropped in tandem Withudum
Henceforth,Papaver somniferurwas absent at later sites, Kempten Wetzikon (22200 BC), Surles
Rochettes (2302000 BC), and Derriere Le Chateau (28200 BC)despite its previously consistent
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presence.Papaver somniferumvas likely cultivated, but less intensely, attested by a drop in its
frequency at Mythenschloss around 2680 BC, and Mozartstrasse in 2700 BC. This corresponds with a
short oscillation of co@r, damper climate; while cultivation is possible at cool temperatures, levels of
opium alkaloids diminish affecting its medicinal value (Magny, 2004; PFAF, 2021). Nevertheless, its
popularity remained stable in earlier cold periods, thus the declineylikatl cultural motivations.

Despite changes in material culture, Late Neolithic agricultural practices began with some continuity
from the Middle Neolithic. After 3000 BT, nudunsignificantly declined, indicating an adaptation to
climatic deterioratiom consistent with climate modelling (Magny, 2004). Environmental factors were
important influences in agricultural development, although cultural differences in crop packages
persisted.

4.2. Adaptation to a marginal environment: cases for mountain
cultivationthrough ecological choices in crop variety

While remaining agriculturally marginal and less intensively farmed than ityivey regions, the mid
mountain ranges of the Alps possess a long history of arable farming. Contemporary and historical
accounts deranstrate the cultivation of cereals and legumes between 1R000m altitude, most
frequently includingSecale cereajédordeum vulgarend T. aestivun{Martin, 2014). During the 20
century in Termignon (Vanoisd), aestivunand Hordeum vulgarevere grown in fields surrounding
villages, alongside legumes cultivated in gardens, Wileleum vulgar@and Triticum spW i KNA GSRQ A
the high mountain slopes around Oisans (Isere) (Allix, 1929, 461; Meillur, TA8%)g the Neolithic,

cereal pollen levelstd.ake Lauzon (Drédme) attest to farming up to the treeline at 2000m by 3450 BC
(Argant et al., 2006)While thegrowth of all main Neolithic crops is possible in the montane stage,

certain crops are better suited to harsh conditions, producing highemreneliable yields. This is

reflected through a consistent preference towards some crops, and modification of cultural packages

from lower-lying regions. Thus, mountagultivation is likely from the Middle Neolithic, when mid

altitudes were settled andlamountain stages exploited (Gallay, 1990). Even so, grains were not
always cultivated in the immediate environs of the sites; this may relate to the surrounding terrain, or

the function of the site, such as on pastoralist camps of short and temporadglaticti A 2 y @ ! G [ Q!
Sueil, although cultivation was climatologically plausible, grains were likely transported from the
valleys due to the steep, shallow soiled terrain of the pass (Martin, 2014). Furthermore, many sites
maycontain a mixture of crops ttivated nearby and carried from the valleys.

Hordeum vulgare

One of the most wintehardy crops and grown up to 2000m in Switzerland todgrdeum vulgare

was persistently significant at mtdgh altitude sites in the Neolithic (Jacomet et al., 1999; Mills, 2006
While consistent in lowelying regions, it often constituted a higher proportion of the crop
assemblage, being common or dominant at sitesv@300m, particularly in the western Alps. During

the Middle Neolithic, it was the only crop recovered at Le Chateau, Bessans (Maurienne), 71% of grains
at Valgrana Tetto Chiapello (Piedmont), and almost half the grains at Egolzwil 3 (Lucerne). In some
cases, the importance dflordeum vulgareeflects a modification of the crop package from culturally
associated lowelying regions to a marginal environmeiit;dicoccunandT. nudumook a secondary
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role at Balm Chanto from 2100 BC (Piedmont). Its oveesgrtation in the montane zone is certainly
related to its suitability to higlaltitude cultivation.

Hordeum vulgarés best cultivated in central and northern Europe on vaedlined fertile loam soils,
germinating optimally at 20°C in regions with an aahaverage temperature of 130°C and
precipitation of 5081000m, although germination can occur from 3°C (Briggs 19a8Gregor &
Bhatty, 1993). Growth is maximised by cool, lemoisture, bright weather, thus the south facing
slopes of the Alpswith limited tree cover provide ideal conditions (AHDB, 208®)ol temperatures

even improve yields, extending the grain filling period to increase dry weight per grain (Riehl, 2019).
Although annual mean temperature ranges from a Mediterranean clinratbe southern foothills
averaging almost 14°C, t6%°C in the high Alps (see figubd) (EEA, 2009), spring to summer
temperatures in the montane zones are within these ranges. Proximal to sites in Maurienne and
Tarentaise, SolliereSardieres, around 3D0m elevation, averages almost 10°C in summer, and
reaches10°C in winter, with annual mean €f.8°C (Climatelata.org, 2021 Furthermore, the cooler
climate reduces the length of growing seasons in mountaimegmns, therefore the short vegdiae

cycle ofHordeumvulgare and early maturation compared to wheats is waelhpted (Mills, 2006;
Riehl, 2019).

Temperature Precipitation
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FHGURE21. TEMPERATURE AND PRECIPITATION IRIPEFRONM961-1990(EEA2009).

The tolerance of drought and aridity is pertinent in the inAggine valleys, which are sheltered from

rain by the surrounding mountains. A long histonjHordeum vulgareultivation is attested in these
grttSea o0& GUKS LXIFOSIKAYSa2tzNA QY NBSNBSHYAPHT 6K
I NE 4 4 Q -mauiehndgar®is.com, 2021). The Maurienne is an arid valley, with similar
precipitation to European continental climates at around 11@@mnnually, while rainfall in the

valleys of the Valaisange from 506000mm (Carcaillet, 2003EEA, 2009). With lower humidity than

the northern Prealps, the limited moisture provides optimal growing conditions, while supporting its
popularity in the Mediterranean Prealps.

In marginal environments of harskeather and poor soils, reliable crops are favoured where other
crops may fail. This is especially relevant for Neolithic ifigine communities in which a short
growing season was accompanied by a scarcity of viable soils, underlining the populdotgeim
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vulgare In analyses of traditional farming in Greece between 1931 and T9&®stivunctrops failed

five times more frequently thaklordeum vulgaréGarnsey, 1988 Compared to hardy glume wheats,

it is considered a better safety net crop to ensure sufficient yields; particularly in the casemfistk
varieties, the ratio of crop yield to grains planted is higher tAardicoccunor T. monococcum
(Cappers, 2008)This is observed Bastern Qinghai, China, whdt®rdeum vulgareroduced yields

1.62 times higher thai. aestivumat 3000m elevation (Jia et al., 201&eliability is increasingly
important if cereals were used to supplement livestock, with bgthins and straw historically
important as animal feed, while many Classical authorsHiteleum vulgaras the main animal crop

due to its reliability and productivity (Mills, 2006; Riehl, 2019). Its significance may be especially
relevant considering any highaltitude sites are related to pastoral activity, such as sheepfold caves.

Reliability was possibly optimised using cultivars adapted to mountain climates. While both varieties
grow well at altitude, in modern Nep&lordeum vulgare var. nuduis better suited to mountain
cultivation than hulled varieties, producing higher grain yields and biomass, while maturing earlier
(Matuzeviciute, 202 Interestingly, freghreshing varieties were associated with the distribution of

T. nudumin the Neolihic, from the southern European coast to the northern Alps, reinforcing
interpretations of a Mediterranean settlement of the inner Alps (Jacomet, 2007). Himalayan Neolithic
grains ofHordeum vulgarevere also noted as more compact, reflecting the thickorsg stems and
shorter plants of moderiordeum vulgare var. nudulandraces adapted to the harsh weather of the
Tibetan Plateau (Matuzeviciute, 2020Similarly specialised landraces were perhaps selected for
Alpine cultivation; future analyses compagimetrical variation would benefit understanding of past
Alpine cultivation if mindful of other factors affecting grain size, such as irrigation, soil quality and
agrarian practices.

The inner Alpine popularity dflordeum vulgarepeaks in the Middle Neolithic 1, present in all
assemblages, while other crops were limited. In these cases, it was likely farmed nearby while other
grains were carried to site, cultivated in smaller numbers, or produced limited yields. In the Middle
Neolthic 2 and Late Neolithic, wheats formed a higher proportion, with varieties varying culturally in
relation to crop packages in the surrounding foothills, althobigindeum vulgareéemained popular.

This could imply wheats were later being cultivated agidly in the mountains. Alternatively, their
mixture with Hordeum vulgaremay indicate their cultivation as maslins. Often employed as a risk
reducing strategy, Martin (2014) proposed joint cultivation could explain the mixturer.of
monococcunand Hordeumvulgarein the Late Neolithic at Les Balmes. However, without statistical
comparison of entire assemblages, including weeds, this is challenging to assess. The archaeological
proportions of maslin assemblages are highly variable, from equal parts taithiva of only one
variety; this is complicated as maslins are often sown as a safety net to ensure the survival of one crop,
thus presenting a dominant grain with smaller quantities of the inferior crop, while similar
assemblages can arise as relicsadtgultivation on the same field, or mixing during deposition (Jones

& Halstead, 1995)Furthermore, the early harvest time blordeum vulgarewhich must be reaped
immediately upon reaching maturity before yields drop, complicates its suitabilityaslimcropping,

while its fast growth may smother other crops unless sown ratios are carefully managed (Cappers,
2008). The possibility of strip intercropping within fields remains more likely.
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Triticum monococcum

Regarding glume wheat$, monococam was more consistently preferred around the montane zone
than T. dicoccumlt formed the dominant wheat variety at Chenet des Pierres (Tarentaise) and Trou
Arnaud (Diois) in the Middle Neolithic 1, at Les Balmes (Maurienne) in the Mid Neolithic 2 and at
Sviese La Soie (Valais), on the Ice Mummy and the associated settlement of Latsch ((RAdoHino
Adige) in the Late Neolithic. This is prominent at Les Balmes, representing one of the highest altitudes
settled at 1350m elevation, where morphometrical compan linked the shortness of the grains to
cultivation at altitude (Martin, 2014). However,. monococcunmay be overrepresented at Les
Balmes, where Middle Neolithic grains derived from a single comgextark storage container
suggesting they wereuttivated and stored separate from other varieties (Martin, 2014). Different
depositional conditions, such as from mixed storage or a hearth reccurrently used in food preparation,
may reveal a contrasting picture; neverthelesmonococcurheld a signifiant role.

Generally, T. monococcumis considered more coldardy than T. dicoccum(Mills, 2006).T.
monococcumexperiences a lower winterkill, producing higher yields under cooler temperatures,
hence its preference at altitudes that experience harsHenates yeasround (Bencze et al., 2020).
While T. dicoccumperformed with better stability under more consistent periods of climatic
RSANI RIGAZ2YT SAGK @ASftf Ra NI rhodoBdecumvas toigrnd to LINB A 2
unpredictable and extremeonditions, common in mountain environments (Bencze et al., 2020). A
resilience to lodging is also attested as plants rarely exceed 70cm tall and are strong stemmed,
particularly spring sowil. monococcunmvhich reaches smaller heights (Zohary, et al., 20IBjs
improves yields in areas predisposed to intense winds and rainfall; for example, on downwafds mid
high mountain slopes during foehn winds, producing unstable weather conditions, and indhe Rh
Valley foothills and lowlands due to the Mistral windghich can reach 90km/hour, bring colder
temperatures, and cause severe crop damage (Drobinski et al., 2005; Sharples,Afigonally,
selection of grains is suggested, in whithmonococcunandraces from the Swiss Plateau to the
French Prealps were particularly adapted to the Prealpine landscape, being morbadrdgt with a
prolonged vegetative period compared to contemporary Neolithic landraces, further increasing
reliability (Brandolin 2016).

Furthermore, it is weladapted to grow on nutritionally poor soils, such as those in the montane zone
of the Alps. Particularly at higher altitudes, soils are shallower due to increased erosion, exacerbated
by livestock grazing, and sparsand cover, resulting in depleted nutrient reserves (Egli & Poulenard,
2016) In experiments on depleted Sardinian sdilsnonococcurperformed best against. dicoccum

and Triticum turanicumin terms of biomass and grain yield (Cadeddu et al., 2024) Neolithic
farmers, this meant cultivation was possible in nutritionally marginal areas, enabling the farming of
previously unexploited soils, while fertilisation and labour requirements remained low.

¢ NRA GAOdzy Wy dzRdzY Q

It is possibly surprisindiat T. nudumis common, although mostly as a secondary crop, at montane
level sites. It represents over half the grains at Egolzwil 3 (Lucerne) in the Middle Neolithic 1, appears
dominant at Antonnaire (Diois) and Les Chenet des Pierres (Tarentaise)tterigldle Neolithic 2,
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and is persistently present in the Valals.nudumis frequently preferred due to its low labour input
compared to glume wheats, and possible culinary preferences. While its growth betweei20000
altitude is possible, yieldsaw be reduced or less reliable; frifereshing wheats suffer in degenerated
climates and require a higher nutrient input than glume wheats, suggesting a strong cultural or
socioeconomic preference was valued over reliability at some sites (Martin, 20tH4yugh its
frequent coincidence with reliable crops, for examplerdeum vulgarend T. monococcunat Les
Chenet des Pierres, may reflect its cultivation alongside other cereals as safety nets. Alterrgtively,
nudumgrains were possibly transported tagher altitude sites following their cultivation in nearby
valley bottoms. Weed taxa in Neolithic assemblages from the Valais (La Soie, Tourbillon, La Gilliere,
and Les Saturnales) support this, suggesting a mainly summer cultivation of wheats witheuatevid

for high-altitude cultivation (Martin, 2015)Even so, specific cultivars were perhaps selected for
cultivation in midmountain ranges. Compact varieties of fribgeshing wheats, such abriticum
compactum are more resilient to extreme weather nditions due to sturdier, shorter forms and
robust stems, and were cultivated in the Bronze Age Himalaya fibreir mountain hardiness
(Matuzeviciute et al.,, 2020). However, identification ®f nudum varieties is uncommon in
archaeobotanical material @uto overlapping morphological characteristics of the grains.

4.3. Summarising remarks on cultural, socioeconomic, and
environmental motivations in Alpine cultivation

Cultural preference towards grain varieties clearly played a role in crop package development, with
shifts in preference often coinciding with material cultural change. Through a spatial analysis of the
distribution of the most significant crops, the maiathways into the Alps and cultural influences upon
populations farming the Alpine landscape can be observed, including a broadly Mediterranean
character up to the northern Prealps, and the influence of Balkan and Central European groups on
southern Alpineagricultural strategies. Nevertheless, variation exists within cultural boundaries,
elucidating the presence of subgroups within the broader sphere. Althoughhitjie Alps were
crossed, evidenced by fagaching resource exchange networks, Alpine topolyygmartially informed

the extent of cultural groups. Differences in crop parcels were consistently detected between the
Rrbne Valley, the Swiss Plateau, the Po Plains, the Valais, and the Jura, while distinct cultural hubs
were centred around specific lakes or valleys. In numerous instances, crops were selected for their
properties in relation to environmental conditions orinchtological events. As the climate
deteriorated from the Middle Neolithic 2 and accelerated into the Late Neolithic, glume wheats
regained popularity despite their laboimtensive cultivation and smaller yields. Crop packages take
on a different characteon higheraltitude sites, characterised by the overrepresentatiorHofrdeum
vulgare and T. monococcumpossibly indicating the cultivation of resilient crops in the montane
mountain stages.

The crop assemblage from the Middle Neolithic site of Trowédrprovides a good example of early
settlement of the midmountain stages of the western Alps, demonstrating similarities with broader
Chasséen crop strategies, and adaptation to a marginal environment of the Roanne Valley within the
Diois. Although thelwice of grain varieties was clearly related to preferences in the lowlands, it was
adaptated to perform well on the poor soils and intense weather conditions of the Prealpine slopes.
Furthermore, the association of the southwestern Alps with Mediterrangapulations was
reinforced through the preference towards glume wheats.
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5. Case study: an archaeobotanical perspective on the Chasséen
agropastoral site of Trou Arnaud

An analysis of the plant material from Trou Arnaud is presented in the following chaftte
assemblage, dominated by glume wheats, is atypical compared to the crop packages of lowland
Chasséen sites, while the abundance of cereal remains is unusual for a sheepfold cave. This underpins
its usefulness as a case study into the agriculturdl smcioeconomic marginality of midountain

sites during the Middle Neolithic. Subsequently, the character of huerasironment interactions at

Trou Arnaud was explored, particularly relating to crop cultivation in am@dntain ecotone, and

the role of Pealpine cave features within an agropastoral context.

5.1. Results of macrofossil analysis

The tabulated results of plant macrofossil analysis from Trou Arnaud are presented in Apkemdix

a catalogue of identified taxa in Appendix Material derivel from two layers, B and E, and the
unstratified Galerie des Pots; radiocarbon dates and the character of occupation layers is detailed in
Appendix4, and site plans in Appendix 5229 remains were identified, all of which were charred, and
near wholly conprised of crop remains, mostly cereal grains. Preservation was varied, and often poor
from contexts notwithstanding the Galerie des Pots, while few weeds or wild taxa were preserved.
The results of this analysis are discussed in the following sectioaktion to farming around Trou
Arnaud and its integration into the agropastoral economy of the Alpine Neolithic.

5.1.1. Comments on taphonomic processes, dating and sampling

The depositional circumstances of charred plant macrofossils from Trou Arnaud teislgextfected

the range of taxa and remains represent€xh many dry sites, plants are preserved following events

of accidental burning, such as culinary accidents concentrated around hearths, or destruction of the
settlement by fire.Consequently, the material from Trou Arnaud was mostly derived from hearth
contexts or areas of charred sediment from occupation layers (see figdrasd 55 in Appendixb).

While hearths may represent a single depositional event, providing a snapsbolirtdry choices at

one time, assemblages deriving from hearths of repeated use are more common. These yield
accumulated material from over a period of ubke samples from the broader occupation layer, pits,

or ditches, and represent domestic waste framop processing, fogdodder, structural remains or

dung (Jacomet, 2012). However, generally, hearths are related to culinary processing on domestic
sites; fuit and crop seeds are usually best preserved, although some species, such as oilseeds, are
more vulnerable to the charring proceséBoardman & Jones, 1990;a4Mle & Risch, 2008) Trou
Arnaud is typical of this, with most remains from layers B and E related to food processing from
hearths or storage contexts, represented mainly by subsistengescaal traces of localwild taxa,
presentas contaminants or used as food, fodder, or fughfortunately, the precise context of
material from the Galerie des Pots is unknown, however it is noted seeds largely derived from a
collection of hearths and butrmeposits (Daumas & Laudet, 2012). These likely also related to cooking
waste, and accidental burning of stored crops and plant resources.
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Additionally, uncharred plant remains, assumed of recent origin, were recovered from numerous
samples, mainly regsented by seeds of local wild flora. This suggests somedegpsisitional
disturbance of sediment, or contamination of samples during or after collection. The mixing of
macrofossils from different contexts cannot be discounted, affecting the validitlgvfidual samples,
however, this does not limit broader analyses when the total assemblage is examined.

Notably, the botanical assemblage at Trou Arnaud is comprised mainly of cereal grains. This limited
representation of smaller remains, including chaff and weed seeds, is almost certainly attributable to
the use of coarse meshes during the sieving of saspfelditionally, the overrepresentation of
samples from domestic hearth contexts means wild taxa, especially inedible species, are less likely to
have been preserved, alongside those related to structures or livestock littering. Furthermore, remains
vulnerable to the charring process are scarce or absent. Weed seeds comprise a trace percentage of
remains, while plant foods that were likely consumed raw as salad, incl@diegopodiumare rare.
Additionally, no oilseeds were recovered, although it is uraianivhether this relates to preservation,

or their limited cultivation. The chance preservation of 4Rapaver somniferunseeds at the
contemporary site of Les Chenet des Pierres attests to theirmaidntain cultivation, thus the
absence of these taxa deaot indicate their unfamiliarity to the farmers of Trdunaud (Martin et

al., 2008).

5.2. The character of crop cultivation in the Diois

5.2.1. Growing conditions in the environs of Trou Arnaud

Although, agriculture ighe primary productive activity in the Diois today, the Prealps pose a
challenging environment for farming (Communauté des Communes du Diois, Z8&4pidaltitude
mountain environment has a Mediterranean character, characterised by irregular pegicipit hot
summers, prevailing north winds, and good sunlight exposure; the montane slopes are particularly
unstable, vulnerable to anthropogenicallyduced disturbance, while soils are shallow with limited
water retention (Communauté des Communes daif) 2014). A high level of interannual variability
was noted in environmental conditions, thus agropastoral resources, such as pasture and forage,
would vary greatly between growing seasons. Specifically, around-iSanatreLeDésert today,
crops are altivated mostly in valley bottoms due to the poor soils of the slopes, while the climate is
regarded as more suited to viticulture and aromatic crops, maialsandulathan cereals, attributable

to the regional high sensitivity to a prolonged frost (Mamgit & Del Bufalo, 2004

5.2.2. Arable subsistence strategies as inferred from the crop macrofossils
5.2.2.1. Cereal remains

Botanical remains from two phases of occupation at Trou Arnaud have been assessed (s&2figure
At least one sample is attributed to Laye, dated c.4361 B@otential range of 4648144 BC), while

14 samples derive from Layer B, ¢.4197 BC (potential range of38886BC) (see Appendix Three
samples are of uncertain date: the Galerie des Pots anl? JBoth possibly attoutable to Layer B,

and internal level 3 from the clay structure in 13, possibly related to layer E. Unfortunately, these
samples yielded a significant proportion of the total assemblage, thi& fias been included within
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Layer Bs, and 13 level 3 in Lafe Nevertheless, clear differences between both phases of occupation
emerged, while a broad understanding of cultivation around Trou Arnaud was established in which
glume wheats, especially. monococcupHordeum vulgarend legumes were the most sigaint
crops, while freghreshing wheats were less popular.
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Layer E

Layer E is dated broadly to the middle of Middle Neolithi©te sample derives from this layer (M5
no.1923), while one sample, 13 level 3, may also date to the same period. The assemblage from Square
M5 is dominated byHordeum vulgarerepresentedby 200 grains, with trace amounts Bf dicoccum

(see figure23). Located within a charred area towards the western cave wall, this sample was collected
proximal to many ceramic vessels and other domestic waste, suggesting the grains derive from food
preparation or storage. Conversely, the less securely dated rerfraimssample 13 level 3 are alike
samples from Layer B, comprising a diverse corpus of wheats, inclidimgnococcun. dicoccum

and T. cf. nudumin equal amounts tdHordeum vulgargalthough only 19 cereals were identified.
While this may relate tsite organisation or different depositional circumstances, the insecure dating
limits discussion, in which dating to the earlier phase of Layer B is also plausdstairAis post quem

of layer E, and terminus ante querof layer B was assigned to thewgale. Further radiocarbon dating

of grains may enable better understanding regarding the scale of change and continuity in the plant
economy.

There appears a clear preference fdordeum vulgareluring the initial occupation of Trou Arnaud,
consistent with contemporaneous sites in thedRk Valley and western Alps. Grains from layers dated
between 44004200 BC at Le Chenet des Pierres (Tarentaise) comprise arabpemuntain
settlement in whiciHordeum vulgaréominates the earlier phases (Martin, et al, 2008; Martin, 2014).

It is also the predominant cereal at Valgrana Tetto Chiappello (Piedmont) betweem280BC, and

the lowland site of Les Moulins, Saint Paul Trois Chateau between3/B00BC (Middle Fime
Valley). This preference may relate to the earliest adaptations to the higltirrde Prealps and inner
Alpine valleys, whilelordeum vulgarear. nudumwas popular across the Chasséen sphere, resulting
from lberian influences (Jesusa., 2020). Producing high and consistent yields in a diverse range of
climates and terraing;lordeum vulgar@and glume wheats were preferred as Neolithic farmers faced
more environmentally challenging landscapes due to its adaptability and reliafibtysequently, its
popularity persisted throughout the Neolithic on the most remote inner Alpine sites. The unstable,
frost-prone climate and shallow soils of the Diois necessitated this hardinessiHtrdgeum vulgare

was prioritised by the first farmeraround Trou Arnaud. Once cultivation was more established and
consistent, the crop package was diversified as more land and labour could be dedicated to
experimenting with other crops.

Notably, the Layer E assemblage contrasts with contemporaneousigithe northern Prealps, in
which a cultural and ecological difference is implied. For example, at Kleiner Hafner (Zumctyum
surpasses the importance of glume wheats by the Middle Neolithic, \Moiildeum vulgarés present

but not dominant. Thiglifference perhaps reflects both cultural preference Tomudurnto the north,
alongside the more humid climate and fertile soils of the Swiss Plateau. This supports the population
of Trou Arnaud by Chasséen farmers from southern Framséndicated byceramic and lithic
evidence, wherédordeum vulgarevas prevalent, reinforcing the notion of theRWas an initial route

into the inner Alps.
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FGURE23. CRORREMAINFROMLAYERE:SAMPLE®I5 NO.1923,ANDI3LEVEB. HORDEUWULGARE
CLEARLYOMINATES.
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Layer B

Dated towards the end of the Middle Neolithic 1, and possibly spanning the Middle Neolighic 1
transition, the more extensiveampling of Layer B permits the discussion of a more nuanced situation.
Although the assemblages are more heterogenous than in Layer E, some broad generalisations can be
made. Glume wheats are most popular with a slight preference towdrdsionococcunover T.
dicoccumHordeum vulgarés well represented, although its dominance@fined to the J4b hearth

area, whileT. nudums extremely limited (see figu24). Although samples from the Galerie des Pots
most likely derive from Layer B, these are discussed separately due to their insecure dating, lack of
precise context forsamples, and different character of the crop assemblage. Overall, the greater
variety of crops represented in Layer B suggests agriculture wagestablished and diversified in the

Diois by the end of the Middle Neolithic 1, thus crops were a signifaanponent of the subsistence
economy.

Notably in contrast to contemporaneous Prealpine sites,-fteeshing wheats are almost absent in
Layer B, in continuity with the crop assemblage from Layer E. Only sites from the internal Alpine passes
(the Middle Neolithic 1 layers of Le Chenet des Pierres and Bessans Le Chateau) are comparable
regarding their minimal levels @f. nudumyhile it remained an important crop until 4000 BC across
most of southern France (Jesus et al., 2020). Althdugtudumcan eady grow around Trou Arnaud

at around 720mHordeum vulgareand glume wheats would have produced more resilient yields,
considering the late frosts, high windsnd nutritionally poor soils of the Diois.

However, T. nudummay be underrepresented in this dataset. There was a significant degree of
morphological overlap betweef. nudumand T. dicoccungrains, exacerbated by the recovery of
short T. dicoccuntaryopses that had become rounded or puffed during the charringgasmften
retaining glume impressions on the surface. Furthermore, beyond the Galerie des Pots, grains from
many samples were poorly preserved, established onlydticum sp. or Cerealiatype. Similar
difficulties in differentiating betweeif. monococam andT. dicoccumandT. nudumandT. dicoccum

were reported in earlier analyses by J. Erroux due to the abundance of atypical forms (Daumas &
Laudet, 2012). Nevertheless, evidenceofiudumis limited even when including those identified as
T.cf. nudun or T. dicoccum/nudum
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Glume wheats represent most macrofossils from Layef.Bnonococcunand T. dicoccunoften

appear together, and in similar quantities once the possible underrepresentatidnai€occuntdue

to the cautious identification cditypical forms is considered. Their-gocurrence is consistent across

most Layer B contexts, excluding the sample from J4b. Glume wheats were likely chosen due to their
high tolerance to harsh weather conditions, while also benefitting from lower nutrieqirements

and increased disease and fungal resistance, despite being more labour intensive (Bencze et al., 2020).
Glume wheats were plausibly cultivated nearby; the intercroppinb. efionococcurandT. dicoccum

is considered impractical today due tbeir different maturation times, however their frequent
cooccurrence suggests these were rotational crops or grown in neighbouring stands, although their
joint presence is also plausible through depositional mixing (Reed, 2015)

This preference is noeflected at the neighbouring site of Antonnaire, at which fteeeshing wheats

were most common, although its contemporaneity with Trou Arnaud is uncertain due to the imprecise
dating of both sites. Lundsim-Baudais hypothesised Antonnaire was occupigr than Trou
Arnaud, thus agricultural technologies had advanced to ensure reliable yieldaioflumDaumas &
Laudet, 2012). However, this interpretation assumes that Chasséen farming was advancing towards a
preference forT. nudumdue to its lower &bour input, disregarding the possibility of more nuanced
cultural or environmental influences on crop choice. This model is unlikely considering the increased
popularity of glume wheats after 4000 BC across southern France (Martin, 2016; Jesus eDal., 202
Nevertheless, the dominance of glume wheats at Trou Arnaud precedes this shift in the lowlands. This
is welkillustrated at Les Bagnoles (Vaucluse) as macrofossils from the phases occupied coeval with
Trou Arnaud are dominated bly. nudumfrom 42564050 BC andHordeum vulgardérom 40533980

BC (Jesus et al., 2020). It was noted the return to glume wheats coincided with temperature and
rainfall deterioration in Provence around 4000 BC, however, some smaller scale declines are
detectable in the centurieprior (Contreras et al., 2018; Jesus et al., 20A)ine ecosystems are
especially sensitive to climate change, experienced through harsher weather events, glacial advance
or retreat, treeline shifts, and vegetational change related to mountairgesta therefore higher
altitudes may have been affected by the earlier subtle declines, while the lowlands remained
cultivable (Theurillat et al., 1998\though at 720m altitude, Trou Arnaud was on the periphery of

the most sensitive zones.

Alternatiely, the preference for glume wheats at Trou Arnaud may reflect soil quality in the
surrounding landscape. The cultivation of glume wheats has been linked to the reclamation of
nutritionally poor soils or lands impoverished by persistent cultivation, aad woposed as an
explanation for their popularity in the Middle to Late Neolithic as agriculture intensified and more
marginal regions were farmed (Martin, 2016; Jesus et al., 2020). The poor soil quality on the limestone
slopes around SaiftlazaireLe-Désert, when compared to the valleys and alluvial plains of the
broader Diois, perhaps necessitated the cultivation of less nutdemtandingcereals than free
threshing wheats (Monjaret & Del Bufalo, 2004). The popularity of nutreplenishing legume at

Trou Arnaud supports this interpretation. This choice likely related to the challenging agricultural
potential of the environs, rather than depletion by intensive farming, since the two occupation phases
preceding Layer B, appear less intensive, d&etihg in the case of Layer G (c.4460 BC). Conversely,
farmers at Antonnaire may have had access to more fertile soils. Cereals were unlikely to have been
cultivated on the steep slopes adjacent to the cave, but the site was proximal to the expanslee fert
plains of the Ddme valley. It is possible crops were established in the nearby valleys and transported
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to Antonnaire, while at Trou Arnaud cereals were grown more locally. However, as Trou Arnaud and
Antonnaire were not occupied contemporaneously tardl motivations for these differences cannot
be excluded, while sampling at Antonnaire was limited thus likely not very representative.

Although Hordeum vulgarés consistently present across most contexts, often appearing in lower
guantities compared to wheats, its presence is concentrated around two hearths in the centre of the
gallery, welrepresented in square K3b, and dominating the J4b hearth area. Rejetaiding these
contexts note clusters of cereal grains were clearly visible during excavation (Daumas & Laudet, 1998).
Unlike remains from the broader occupation layer, which may derive from the cleaning of hearths or
ashy sediment having been graduafigorporated into the floor over time, grains from hearths were
likely carbonised accidentally situduring food preparation or crop processing and may originate
from a single or numerous depositional events. The density of remains alongside the radar tot
dominance oHordeum vulgarén J4b, withT. monococcurand T. dicoccunas minor contaminants,
supports the deposition of this sample as a single incident. Although, deposition during a different
season of occupation or relation to different roles beemehearths are also plausible explanations.
Hordeum vulgarés less frequent across other samples from Layer B but still regularly present, often
at similar frequencies to wheats, supporting its persistent cultivation around Trou Arnaud since the
occupatian associated with Layer E. This is consistent with the preference towards hardy crops, further
supporting the notion of their local cultivation. However, the crop assemblage from Layer B has a
slightly different character to those from the Galerie des RotwhichHordeum vulgarés minimally
represented.

The Galerie des Pots

Most comparable to the assemblage from Layer B, the plant remains from the Galerie des Pots are
comprised of similar crop varieties, albeit in different proportions (see figdjeGlume wheats are

still predominant, butT. monococcunis present in much higher numbers, comprising 45% of the
cereal grains, whild@. dicoccunis wellrepresented but in smaller quantities (15.76% alongside 11%
T.cf. dicoccun AlthoughT. monococam is slightly more significant thah. dicoccunin Layer B, its
popularity is much higher in the Galerie des Pots. AdditionBlilydeum vulgardorms only 1% of
cereals, andl. nudumis still essentially absent. The cereal remains were collected eitbagdhe
western wall of the gallery or in charred patches on the floor surface (Daumas & Laudet, 1998). This
deeper area of the cave was interpreted as a storage zone due to the high frequency of cereals
compared to the main area of occupation and theicaeery alongside many small ceramic vessels.
The abundance of macrofossils may relate to the carbonisation of crop stores, thus the dominance of
T. monococcurmust be considered in this context.
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Galerie des Pots. n = 3641

6% \3%
>1% |

2%
2%

1%
4%

55%

® T. monococcum (with cf.)m T. dicoccum (with cf.) T. monococcum/dicoccum
® T. nudum (with cf.) Hordeum vulgare (with cfl T. dicoccum/nudum
m T. dicoccum/spelta Triticum sp. Cerealia type

FGURE25. CEREAMACROFOSSILS FROM GAEERIE DH2OTS TRITICUM MONOCOCCUM CLEARLY DOMINATES

Glume wheatsT. monococcunand T. dicoccumboth occur in significanguantities compared to
other crops; these grains may have been grown and stored together, alththughs difficult to
interpret with limited recording. Environmental conditions around Trou Arnaud would support the
cultivation of both hardy varieties, for example in neighbouring fields or stands. However, the
significance of. monococcurim the Galeie des Pots assemblage may reflect its greater suitability to
the wideranging weather conditions and nutritionally poor soils characteristic of the Diois. Even
disregarding the corpus from the Galerie des Pdtagnonococcurwas the most important grainta
Trou Arnaud, likely due to its adaptability to the environs, contributing significantly towards the diets
of its occupants.

As the limited contextuahformation and dating of remains restricts analyses regarding the Galerie
des Pots, the subsequent discussions are founded on some assumptions, based on interpretations of
the stratigraphy and organisation of the gallery by Daumas and Laudet (1998; Ph&2¢. are, firstly,

that most grains date to the same phase, likely Layer B, and were carbonised simultaneously during
one season of occupation. Also, that most grains derive from crop stores based on their relationship
with possible storage areas and mnmity to clusters of ceramic vessels, while macrofossils from
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hearths held a more even distribution of crop varieties. We can speculatehbalominance ofT.
monococcunin comparison with other contexts reflects a season of its especially sucogssih,

or reduced yields of other crops. This may have been induced by a season of unpredictable weather,
common in the Roannealley, including low rainfall or a late frost, although this does not account for
the underrepresentation offordeum vidare (Bencze et al., 2030

Alternatively, the proportions of grains perhaps reflect the different maturation times of cereal crops,
with small amounts of multiple crops being cultivated and immediately consumed across one season
of occupation. Shouldarbonisation have occurred towards the end of the growing season, storage
contexts may yield a lower representation of earlier harvested crops, sukloreum vulgareand
overrepresentation of those that mature later, includiligmonococcuniTroccoli &Codianni, 2005;

Riehl, 2019)This hypothesis is supported by the more even distribution of crop varieties across non
storage contexts in the main occupation area. This scenario suggests a sustained occupation of the
cave and cultivation ofiearby fields across a growing season, with limited subsistence input from
other settlements and minimal generation of surplus, aligning well with a temporary sheepfold camp
function. However, this interpretation is speculative and founded on the aforeineead
assumptions, the near simultaneous sowing of crops in similar quantities in separate stands, and
consumption soon after harvest. Analysis beyond conjecture is difficult in the absence of more precise
contextual data and dating.

5.2.2.2. Legumes

Many legumedhave been preserved at Trou Arnaud, comprised mostRisiim sativumwith some

Lens culinarisA similar situation was observed at Le Chenet des Pierres, in Risicim sativunis
represented by 141 examples in the Middle Neolithic (Martin et al0820Pisum sativunappears
consistently at low levels across most samples at Trou Arnaud, however is abundant in the J4b hearth
area alongside somé&ens culinarisThis context is likely linked to food preparation, suggesting
legumes were an important corgpy Sy i 2F (GKS AyKFIoAGlIyGiQa RASGaD |
size is limitedPisum sativunforms 46% of the macrofossils in leve? hnd 27% of level 3 from the

clay structure in I3, whileens culinarigs also present. Furthermore, the interiomi of the clay silo
yielded higher levels dfabaceagollen (2.57%) than a cross section of the entire vessel (0.74%),
suggesting-abaceaavas held within the structure (Argant et al., 199B)sum sativumwas possibly
popular as it provided broadeoasumption choices than many crops as it can be consumed fresh or
cooked, adding culinary variety. Consequently, this affects the preservation chances of legumes, being
less often exposed to burning, while the softer endocarp decreases the chance ofrguchiarring,
particularly at higher temperatures (Fuller & Harvey, 2006).

The high representationf legumes may relate to their cold tolerance, thus suitability to cultivation

at altitude and ability to provide a consistent source of protein whiletpdess labour intensive than
livestock.Pisum sativumespecially, was the highest yielding of the available Neolithic pulses and
generally tolerant of a wide range of conditions, attested by its growth up to 2000m altitude in the
Valais today (Jacomet al., 1999 Kreuz et al., 2020). Presently in northern and central Europe, it is
often spring sown to avoid frost damage on the first flowers, but is generally regarded as frost hardy,
thus is a winter crop in much of southern Europe (Macéak et alQR02ns culinarigs notably more
fragile thanPisum sativumaccounting for its less frequent occurrence at Trou Arnaud and other
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Prealpine sites. However, it still represents a relatively cold tolerant crop and different cultivars could
be selected dr their adaptability to southern Alpine climates; today in Mediterranean environments
different cultivars have variable yield responses to cold and reduced rainfall, in which cold tolerance
is a more common characteristic (Erskine & Ashkar, 1988)ladapted to a variety of climates,
including the mountaifMediterranean environment of the Dioikens culinarisvas common both

north and south of the Alps during the Neolithic, particularly on LBK sites in northern Europe, and in
the Balkans, although gerally less significant than Pisum sativum,; its presence at Trou Arnaud is
therefore unsurprising (Salavert, 20Kreuz & Marinova, 2017).

Correlating with the preference to glume wheats, the popularity of legumes may also relate to the low
soil qudity around Trou Arnaud; a similar situation is notable in the inner Alpine valleys around Le
Chenet des Pierres. Nutrient reserves can be replenished via legume cultivation, providing an efficient
source of nitrogen fixation, leading to its presafdy pgularity as a green manure or cover crop
(GRDC, 2018; Macak et al., @D2This is particularly relevant on mountain soils in which nutrient
reserves are especially variable and can be rapidly depleted by extensive grazing (Egli & Poulenard,
2016) Legumes were perhaps cultivated to extend the lands suitable for agriculture, or to replenish
soils following the production of more nutrient intensive crops, such as wheats, on the naturally
poorer soils of the Diois.

Interestingly,Pisum sativumis the most common crop around the J4b hearth (in J4b an&4l4),
cooccurring with significant amounts éfordeum vulgaresomelens culinarisand limited glume
wheats, presenting a different character to the sitéde assemblage. One possibility is the pEEbf
legumebarley combined intercropping. The combined cultivation of legumes and cereals is well
documented historically and ethnographically, being the most popular intercropping system on
smallholdings in Africa, Latin America, and Asia today (EI§8§). The system was also inferred at
the Ancient Egyptian site of Khentkawes whichTrifoliumappears abundantly alongside cereals,
(Malleson, 2016). Thus, there are numerous advantages to this partnership that are historically well
known and wald likely have been recognisable to Neolithic farmers. Combined intercropping
heightens the nutrient replenishing quality Bfsum sativumwhile lessening the impact éfordeum
vulgaregrowth on soils, in which less soil nitrogen is used due to an iseteatmospheric absorption
(HauggaareNielsen et al., 2006). Thigsults in 1731% more efficient nitrogen use than seole
cropping, and prevents soil nitrogen degradation and erosion, likely an attractive effect considering
the shallow, poor soils on the limestone slopes around Trou Arnaud (Haugyessen et al., 208).
Additionally, the nutrient content of the cereals and forage produced is higher, although grain size
may be reduced (Lauk & Lauk, 2008; Frick & Mackenzie).Z0lé practical benefits were perhaps
also understood, in which cereals may performaagursecrop for climbing legumes, preventing
lodging and increasing disease resistance (Balkcom et al.,.Z0@%)also reduces labour as legumes
climb the stems of upright crops, thus the lowest pods are higher from the soil and easier to harvest
(Balkom et al., 2007) Overall, legume cultivation was an important element of arable farming at Trou
Arnaud, either individually or joint with cereals; their adaptability to the mountain climate and poor
soils of the Diois results in a reliable plraised potein source, that was likely particularly important

in times when animal protein reliance was reduced.
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5.2.2.3. A midmountain cultivation system?

When considering the overall macrofossil corpus from Trou Arnaud, multiple themes are apparent
across all sampte The crop varieties cultivated were watlapted towards colder climates, poor soils,
and unpredictable weather conditions including variable winds and precipitation. Less resilient
varieties were excluded or rare, such as fteeeshing wheats and oilgel crops. This suggests reliable
yields were valued, and the Neolithic occupants understood well the limitations of their environment,
adapting agricultural strategies in response. The preference towards glume whieatleum vulgare

and legumes was plaldy underpinned by their cultivation at mighountain altitude, either
immediately surrounding the site, or in nearby environs. At Trou Arnaud, agriculture appears
particularly influenced by poor soil quality; the most significant crops, espetiathonooccum are

noted for their adaptability to nutritionally poor soils, while nitrogen replenishing legumes form an
unusually significant proportion of the assemblage (Bencze et al.,, 2020). This represents some
divergence from the broader Chasséen packaghith prior to 4000 BC,. nudumand Hordeum
vulgare were most popular alongside limited glume wheats (Martin, 2016; Jesus et al., 2020).
Meanwhile, the western Prealpine area adopted a heterogenous character during the Middle
Neolithic, suggesting arabfarming was modified to suit sitepecific environmental niches.

Diminutive grain size can also be an indicator of cultivation at altitude. Although grain size can display
variability across one harvest or even one ear and is mainly influenced by gergticsiological
stressors, such as drought, cold temperatures, and limited nutrient supply are a common cause in
grain size reduction (Reed et al., 200tuzeviciute et al., 2020Martin (2014) noted thaHordeum
vulgareand T. monococcunecaryop®s from Alpine sites are generally smaller in length and width
compared to those from the plains and surrounding the prealpine lakes, excluding Lake Bienne and at
Arbon Bleiche, and was cautiously related to their cultivation at altitude, soil qualitygrarian
practices. The crops from Trou Arnaud align well with this observatidn,rasnococcunT. dicoccum

and Hordeum vulgargrains appear morphometrically similar to grains from Les Chenet des Pierres
(Tarentaise) (Martin, 2014). At both siteB, maococcumgrains were especially short, while
dicoccumand Hordeum vulgarevere slightly larger than those at Les Balmes (Savoie), albeit smaller
than on the plains. However, in this case grain size is an unreliable indicator; other variables affecting
size, including fertilisation and irrigation practices or unusual climaéots\are difficult to distinguish

in the present dataset. The possibility of landraces with genetically shorter grains is also plausible, for
example the shorteHordeum vulgarecaryopses recovered from Tien Shan were reminiscent of
genetically distinct montain cultivars; aDNA analysis of waterlogged remains could be useful in future
in identifying varieties (Matuzeviciute et al., 2020). Furthermore, grain size can be affected by
charring, with distortion particularly prevalent at higher temperatures; ihigccurate at Trou Arnaud

in whichT. dicoccungrains likely became shortened and rounded during carbonisation (Charles et al.,
2015)

5.2.3. Understanding of broader agropastoral practices at Trou Arnaud from
botanical data

Understanding of past agropastd strategies, including livestock management, seasonality and
harvesting strategies are often inferred from the presence of weeds of crops and pasture based on
their ecological characteristics, for example, preferred growing conditions, flowering tiameks,
average height etc. (Jones, et al., 20¥0jhough this can be affected by the stage of crop processing
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preserved¢ by the final stages, after pounding, winnowing, and sieving, most weeds are removed,
particularly smaller seedshis can provide AY RAOF GA2Y 2F | aAiSQa NefS
1984; 1987)Very few weed seeds were recovered from Trou Arnattiputable to the use of coarse

sieves when processing samples. Nevertheless, some broad inferences can be made régarding
agropastoral landscape surrounding the cave.

Only two weed macrofossils were collected from layer E; thes®ameXcf. acetosellpandGalium

sp. Notably, both taxa prefer disturbed soilea common feature of anthropogenic landscapesd

reflect environmental conditions local to Trou Arnaudgumex mesoxerophilic weeds, common on
poor or acidic soils of permanent grassland or disturbed ground, grow vigorously after clipping, thus
are frequently found on pasture (Tison & de Foucault, 200#anwhile, Galiumspecies grow in
diverse conditions, but are most common on eutrophilic wasteland and the edges of ruderal or arable
fields. Their presence also in pollen data from the structure in 13/4 suggests the macrofossils are
representative of thevegetation around the cave, further reinforcing the notion of agropastoral
activity in the surrounding environs.

Due to poor preservation, weed taxa from Layer B was generally imprecisely identified, only to genus
or family level, and mostly representdyy single specimens. Most derive from hearth contexts thus
likely were contaminants of crops that remained after processing, or result from local vegetation used
as fuel, waste from food or fodder, or burnt dung. These wehenopodiunfcf. album), Bromussp.,
Ranunculussp., Carex sp., Brassicaeag(CardaminéDescuraniy and PolygonaceaCyperaceae

These taxa are found in wiganging environments, although again, weeds that thrive in disturbed or
arable soils were represented byhenopodiumand CardaminéDescuraniaremains (Tison & de
Foucault, 2013 Additionally, taxa often associated withderal and grass land may represent weeds

of pasture, includinddromussp., the most abundant weed with 13 examples, d&ahunculusp.
Broadly, the weed macrofossils from Layer B are typical of anthropogenically managed landscapes and
support the involvemat of Trou Arnaud within the agropastoral economy, albeit limited knowledge
can be obtained from so few remains. Although, it is interesting that the only specimen of
Chenopodium albunpreferring fertile soils, was recovered fromK4b alongside high fgeiencies of
nitrogen fixing legumes, perhaps indicating the impact of legume cultivation in an area with poor soils.
Overall, the assemblage from Layer B suggests the presence of disturbed, arable soils and pasture
proximal to Trou Arnaud, aligning withaltonclusions drawn from palynological analyses by Argant

et al (1996) The occupants were likely involved in the cultivation of crops and rearing of livestock
throughout the phases related to Layers E and B, suggesting subsistence strategies relied on
R2YSadGAOFIGSR F22R a2dNDOS&a (GKNRJIAK2dzi GKS OF gSQz
growing conditions of the agropastoral weeds means inferences cannot be made regarding specific
agricultural practices, including seasonality, harvesting techmyolog crop processing strategy.
However, a summer occupation could be tentatively suggested due to the flowering tinkesragx
acetosella(May to September, with similar summer flowering among mRBsimexspecies) and
Chenopodium albur{seeds ripening thraghout the summer), plus the improbable viability of winter
cereal growth at miehltitude (Williams, 1963; Escarre & Thompson, 1991

However, it is notabl¢hat fewer ruderal remains were recovered than one might expect from a cave
whose primary function was pastor@lomparatively, in the Final Neolithic layers at Grande Rivoire,
apophytes are represented by 299 seeds, while 98 cereal macrofossils (grairchaffdwere

recovered (Martin et al., 2008Furthermore, cereal grains were overrepresented at Trou Arnaud,
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while remains of straw or crop processing waste, often used as fodder, were scarce. While this is
almost certainly due to these smaller remalmsing lost during sample processing, we can still make
a42YS AYTFTSNByOS&a NBIIFINRAYI ¢NRdz ! NI dzZRQa NRfS Ay

Beeching (1981; 2003; et al., 2004; et al., 2005) proposed a model for the Chasséen agropastoral
economy of the NRV in which caves played an integral pastoral role. It was hypothesised crop
cultivation was small scale and performed exclusively on the plains under sparse, managed tree cover,
proximal to permanent lowland settlement and alongside cattle rearing. Adjacentlyei Prealps,

caves and rock shelters held a specialist role in the birthing and rearing of ovicaprids, suggesting a
functional partition of Chasséen sites (Beeching et al., 200@8eds of pasture are often well
represented at sheepfold caves, presentbcbugh burning of fodder and litter waste, animal dung,

and trampling into occupation floors (Angelucci et al, 2009). An assemblage characteristic of caves
within this model was welllustrated by abundant dung layers at Grande Rivoire, comprising a high
density of leafy branches used as fodder, ruderal weed seeds, wild plants with veterinary properties,
and limited cereals, and to a degree at Les Balmes, although cereals were more abundant (Martin,
2014). Trou Arnaud does not fit perfectly into this mhde which evidence for dung layers, ruderal
weeds and wild taxa are minimahile cereal grains are abundant (Daumas & Laudet, 2012).

Additionally, the dichotomy between lowland and mountain sites during the Middle Neolithic is no
longer consideredb be so clear. The heterogeneity of botanical and faunal assemblages on mountain
sites implicates a less prescriptive exploitation of altitudinal zones in the western Alps. Diverse site
functions have been interpreted for mighountain sites including hinA y 3  OF YL} X & dzOK |
Seuil where wild plant and animal remains dominate, cpérsettlements as at Les Chenet des Pierres
dominated by cereals, sheepfolds like Grande Rivoire, and sites with more enigmatic or multiple
agropastoral functions suchs Trou Arnaud and Les Balmes (Martin, 2014; Martin et al., 2019).
Furthermore, suggestions of crop cultivation at altitude from both opérand cave sites, including

Les Balmes and Les Chenet des Pierres, suggest a more prolonged, or even permaneattooauf

the midmountain zones than argued by Beeching (Martin, 2014). This suggests a more complex
organisation of the Chasséen economy in which cultivation was not limited to the ,paids
agropastoral systems were not organised exclusively acapidiraltitudinal zones. Although faunal
remains indicate cave sites were closely tied to the birthing and penning of ovicaprids, often yielding
concentrations of young sheep/goat remains, this role was perhaps not exclusive and within the
context of a moreconsistently inhabited Prealpine landscape (Bréhard et al., 2010). Rather than
altitude, specialist roles may have been linked to specific sites or groups, allowing a prolonged
occupation of the mountain environment, and resulting in the diversity of aeobotanical material

from mid-mountain sites (Martin et al., 2019). Analysis of botanical and faunal data from the Neolithic
Pyrenean landscape generated comparable conclusions, in which agropastoral strategies were similar
between mountain and lowlandtsis, both reflecting medium to long term occupation through clear
evidence for local crop cultivation, diverse livestock breeding and crop storage facilities (Antolin et al.,
2018). It is likely the organisation of the Chasséen agropastoral economy vilaslginuanced in the
western Alps. Even without considering the poor recovery of weed remains due to sampling
limitations, the abundance of stored crops at Trou Arnaud, particularly of hardy varieties suited to a
mountain cultivation, supports a prolongduhbitation of the Diois Prealps beyond what is expected

of a purely pastoral site.
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Evidence of crop processing in the form of glume bases was limited at Trou Arnaud; this is clearly
biased by the sieving of samples, thus it is impossible to infer idigd cereals may have been
stored. However, the abundance of cereals alongside the significant quantity of ceramic vessels
suggests their storage within the cavihe storage of hulled wheats in spikelets was most common
during the Neolithic and Brae Age; it is usually hypothesised that pounding and winnowing occurred

in the fields, while dehusking was performed daily on site, with the parching process providing
opportunity for charring (Pefi€hocarro & Zapata, 200Bouby et al., 2005 Thishypothesis aligns

with much Chasséen botanical data, including at the Middle/Late Neolithic sites of Les Balmes and Les
Bagnoles in which caryopses and glume bases are both recovered in significant numbers (Martin,
2014; Jesus et al., 2020). Storage of atkewithin their husks is beneficial for long term storage,
shielding caryopses from damp, fungi, insects, and rodents (Bouby et al., 2005). Nevertheless, it is also
possible that crops were stored in a clean and dehusked state, having been fully praogbsdiklds
immediately after harvest or beyond the confines of Trou Arnaud. Although storage of dehusked
grains would seem impractical considering the humidity of the cave, their smaller weight and volume,
occupying less than half the space of huskeding, may have been a logistical choice, aiding
transportation across the difficult terrain leading to the cave (Alonso et al., 201®) scarcity of

glume base remains would support this explanation, however this data is unreliable due to the sample
processing methodologies employed. Additionally, the recovery of 15 saddle quern fragments attests
to some processing of grains; these may have played a role in dehusking, although they could also be
related only to the grinding of cleaned grain.

It is clear discussion is hindered by the limited recovery of macrofossils beyond cereal and legume
grains. The scarcity of smaller remains suggests methodological limitations, of unknown sampling
strategy and coarse sieved processing methodologies, camébto the near absence of arable or
ruderal weeds and chaff, although the influence of archaeological crop processing and storage
practices cannot be completely ruled out. Nevertheless, it can be suggested that Trou Arnaud was
closely connected to the agpastoral economy of the Diois; crops were likely locally cultivated
although the dynamic between sites in the Prealpine mountains and the plains of \&dvhains
unclear and more nuanced than previously suggested.

5.3. The situation of Troérnaud withinthe Alpine landscape: the
character and exploitation of the environs

It is challenging to construct an understanding of the environment surrounding Trou Arnaud due to
the scarcity of macrofossils from wild taxa. Therefore, the few remains identified haee
considered alongside earlier charc@eadalyses and palynological data from the structure in 13/4 to
generate a narrative regarding the surrounding vegetation and its exploitation by early farmers
(Argant et al., 1996; Daumas & Laudet, 2012). lassumed the charcoal reflects surrounding
vegetation, represented by local woods gathered for domestic purposes, likely as fuel. Overall, a
widespread picture of deforestation for pasture and arable land in the Diois was suggested throughout
the Chasséernin which vegetation from numerous mountain stages were exploited for agricultural or
domestic functions.
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While the earliest phase of occupation in Layer G (c.4460 BC) was represented near exclusively by
charcoal from montane specieBiussylvestrisAbies albaTaxus baccataJuniperusp.), by Layer E
(c.4361 BC) taxa from the collinean stag@sidrcussp., Acersp.) and riparian floraSalix populus
Fraxinus excelsipincreased in significance to 26% and 25% of the charcoal respg¢daimas &
Laudet, 2012). These species are typical of humidEnigpean climate, while the diminishment of
conifers suggests a transition towards a more open landscape (Argant et al., ¥@tdpfossils from

wild taxa are extremely limited in laydt, however the presence of agropastoral weeRsiniex
acetosellaand Galiumsp.) alongside abundant crops attests to the exploitation and disturbance by
farmers upon the local environment. The abundance of pollen from ruderal species, particularly
Plantagq in the outer fabric of the clay structure attributed to Layer E further supports this (Argant
etal., 1996). The botanical data altogether indicates towards the first intensive anthropogenic changes
to the landscape occurring by Layer E; coniferous manfarests persisted throughout Layers G and

E, although declined following clearance for pasture and agriculture, resulting in an increase-of light
demanding flora of disturbed soils and mixed forest.

Montane species are almost entirely absent by Lay@n@ated), in which collinean species dominate

with Quercussp. comprising 73% of charcoal (Daumas & Laudet, 2012). By Layer B (c.4197 BC),
collinean species equate to 55% of the assemblage, while riparian flora represents 41% of material.
However, the athracological samples were collected from a single hearth for both Layers C and B,
thus may not be representative of the entire phase. It was suggested the riparian charcoal was likely
overrepresented due to the use @ornus sanguineas fuel rather thants predominance in the
landscape (Daumas & Laudet, 2012). Nevertheless, the overall trend suggests continuing mountain
deforestation to clear for pasture and arable lands. Similar conclusions were reached based on pollen
within Chasséen levels at Antonrgiin which ruderals, sedges, and liglgmanding trees gained
importance after 4000 BC (Argant et al.,, 1991). Additionally, mirroring the anthracological data,
macrofossils from Trou Arnaud reflect the exploitation of multiple vegetation stages and
environmental conditions. These could be found local to the site, including riparian Hoagifusct.
excelsiorCarexsp.) present along the Volvent stream in the valley below Trou Arnaud, agropastoral
fields attested by ruderal and arable weeds, hedgerdRsbussp.) and deciduoysconiferous or

mixed forests at varying altitudes characterised by collineai@Qi@ércusp.) and montane taxa\pies

sp. and a possible example of dfiniperus

Local trees were likely collected for use as firewood, notghlgrcusandCornus Trees that thrive on

the calcareous soils of the Diois Prealps were macrobotanically represented by one instance of a cf.
Quercusud ¢ in whichQ. pubescenis the most represented charcoadnd a fragment of &raxinus

cf. excelsiokey. Both are early succession species following boreal disturbance, such as clearance for
grazing, and characteristic of open woodland, thus may represent trees bordering pasture, accessible
to the occupants of Trou Arnaud (Dobrowolska et al., 2011).réstangly, Abiesis rare in the
anthracological record, only appearing in Layer E, and in the undated pollen data (Argant et al., 1996;
Daumas & Laudet, 2012). Albeit scarce, carbonised needle leaf fragments appear in three contexts at
Trou Arnaud, most aindantly in I4b. The representation 8bies in whichAbies albagrows up to

1900 m altitude in the southern Alps, suggests some montane forest persisted, and groups travelled
to higher altitudes to collect plant resources (Tison & de Foucault, 2014heFuore, Abiesis a poor

fuel, producing much smoke; when considering the underrepresentation of conifers in the
anthracological assemblage of Layer B, the presence of leaf fragments may implicate the collection of
young branches rather than mature firead (ProszaliMiasik &Rabczak, 2019). This reflects practices
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at Grande Rivoire, in which young conifer branches played a role in livestock management, perhaps
used as litter due to their softness and the antibacterial properties of young buds (Martin, 2014).
Additionally,Abiesleaf foddering was practiced acrosstAlpine Neolithic to supplement the diet of
flocks, attested at Grande Rivoire, Les Balmes, and particularly across the Swiss Alps, including the
lower altitude site of Arbon Bleiche 3 (Akaret et al., 19®8®rtin et al., 2008; Martin, 2014). The
remains from Trou Arnaud are too sparse to generate any concrete conclusions, however, its role in
livestock management remains a possibility.

LG Aa Ffaz2z tA1Ste gAtR LI Iy éts bagel Nty an-donfeSiddteR {2
crops and livestock. However, many foraged food plants, such as berries, may be eaten raw or do not
require extensive processing prior to consumption, thus their preservation via charring is less likely
than cereal cropsGathered plants that preserve best archaeologically are biased towards species
concentrated in woodlands, woodland edges, and hedgerows, especially fruit and nut bearing trees
or berry producing shrubs, while plants consumed as leaves may be preservieddassatly (College

& Connoly, 2014)Hedgerows local to Trou Arnaud are attested by two exampleRuliussp.
(probablyR. idaeur R. fruticosus agyjsurrounding the hearths of 4, likely attributed to Layer

B. Their recovery from a domestic ¢ext linked to food preparation suggests these were gathered

for human consumption, although their deposition from burned dung is also plausible, in which
livestock browsed hedgerows bordering pasture. The gathering of wild food sources was also
suggestedoy the pollen data from 13/4, despite the absence of undomesticated macrofossils from
these contexts. High levels @henopodiumPlantagq and Polygonumwere detected in the inner

walls of the clay structure, suggesting the vessel was used to store fdaatgd from agropastoral
environments, alongside some cereals (Argant et al.,, 1996). One macrofo§ienbpodiuncf.
albumwas also recovered from a hearth context. Historic&lgenopodium alburhas been used as

salad comparable to spinach tiay, and cultivated as a pseudereal, similar to the modern
consumption ofchenopodium quinoan Linear pottery sites in Early Neolithic Poland (Mudieniek

et al., 2018; 2019). Als@olygonunseeds acted as a condiment in the Bronze Age aroundhdisic
(Jacquat, 198P Argant et al. (1996) suggested the clay vessel was used to store leaves for stews,
salads, and porridges, with leaves either mixed or arranged in layers. Leaf imprints in the clay may also
indicate their use in lining the veds® prevent contents from sticking to the sides, displaying the
diverse roles of wild plants in food preparation. The production of sauerkraut using foraged leaves
was also hypothesised, however no chemical trace of fermentation was detected in theallay w
(Argant et al.,, 1996). Overall, it appears likely wild plants, opportunistically gathered from the
surrounding landscape, supplemented the diets of farmers at Trou Arnaud, although the breadth of
taxa exploited, and their importance is difficult totémpret due to the limited preservation of
macrofossils.

5.4. Chasséen occupation of Tréunaud

Broad inferences have been made regarding lifeways at Trou Arnaud, including the important, and
likely varied, role of plants within the lives of early farmersjps were plausibly cultivated in the mid
mountain environs of the cave, and the local environment exploited for arable land and pasture, wild
food resources, and fuel. Subsequently, discussions into the character of occupation at Trou Arnaud
can be exanmed, to reassess the function of an enigmatic space, unusually abundant in crops and
ceramics, and more widely highlight the nuanced use of caves within Chasséen agropastoral society.
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5.4.1. Diet of the first farmers in the Diois

The diet of farmers at Trou Aaud was likely typical of the RV during the Neolithic.

This comprised a diverse range of staple crops, including numerous varieties of cereal grains and
legumes, meat proteins mostly from livestock reared close to the site, while hunted and gathedged foo
sources were supplementary. No exotic food plants or fauna were identified, suggesting & locally
sourced, but diverse diet.

Some dietary dependence on cereals is implied through unusually abundant grain stocks in storage
areas and the cultivation of liable varieties adapted to the Diois landscape; a comparable situation
was interpreted at Les Balmes (Martin, 2014). It is plausible the diverse culinary properties of cereals
contributed towards their consumption in numerous dishes; toblmydeum vulgarés more common

in porridges and stews, while wheats are popular also in breads (Kreuz, 2020). Grains likely comprised
the majority of daily calorie intake. A dependence on plant resources was similarly indicated through
carbon and nitrogen stable isotopenalysis on human remains from 21 sites across Neolithic
Switzerland; terrestrial plants, assumed to relate mostly to crops, were significant dietary contributors
to all studied groups, while the importance of meats varied, attributable to cultural inflee(Siebke

et al., 2020)

The high representation of legumes is also notable at Trou Arnaud, represented by 400 examples of
Pisum sativunor Lens culinarisThis abundance may reflect a dependence on giesed protein
sources particularly if animal protein consumption is decreased, for example if animal stocks were
depleted or for cultural preference. Lowered meat consumption was identified in Eastern Switzerland
based on low Nitrogen isotopic values in human remains, integoras reflecting cultural influences

on diet; meanwhile increases in butchered wild fauna during the Late Neolithic on the Plateau suggest
climatological degradation coincided with decreasing livestock numbers (Schibler & Jacomet, 2010;
Siebke et al., 2030However, in Languedoc, an increased reliance on plant proteins was argued as a
culinary reflection of Chasséen social hierarchies (LeBoasle et al., 2013). Individuals buried in
reused silos or in funerary pits relied on higher amounts of vegetakjr than individuals in lithic
chambers, indicating dietary differentiation based on social status or expressions of religious worship
(Le BrasGoude et al., 2013). Althoughe quantity of legumes at Trou Arnaud suggests some reliance
on plant protens, it is not possible to understand the normalcy of this in the western Alpalzeceae
remains are rarely preserved. Although considering the interpretation that livestock stabling was
smallscale at Trou Arnaud, it is plausible legume proteins weresidered essential dietary
contributors (Daumas & Laudet, 2012).

The abundance of domesticated subsistence resources and limited reliance on wild foods suggests
that despite its relative isolation, Trou Arnaud was incorporated in, and typical of Chasséen
agropastoral economies. While crop remains comprised 99% of the identified macrofossil assemblage,
probably representing the primary source of plant nutrition, the storage of wild plants is known from
the palynological analysis of 13/4 (Argant et al., 1998ild flora growing near to the cave may have
been gathered as supplements, adding culinary variety, and acting as condiments. However,
understanding of their importance is hindered by their limited representation, perhaps attributable

to the unrecorded ampling and processing methodologies. Furthermore, taphonomic processes on
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dry sites, mainly opportunities for and survival through charring, may have resulted in an
underestimation of the significance of gathered plants in the southern and western@dpsersely,

wild plant resources were significant in Middlate Neolithic diets on the northern lake settlements,
notably dominating the macrofossil corpus at Parkhaus Opera (Zurich) (Antolin, et al., 2020).

This predominance of domesticated resoes is mirrored in the faunal assemblage assessed by D.
Helmer, in which wild fauna, mostly represented by deer, comprises only 6% of the animal remains
(Daumas & Laudet, 201.2Sheep or goats likely formed the main source of animal protein, at 76% of
the animal remains, alongside some limited contribution by cattle and pigs (Daumas & Laudet, 2012).
¢tKAAd NBFEtSOGa .SSOKAYyIQa omMpymT HAanoT SiG I o
specialised towards the rearing of ovicaprids, be#teited to mountain stabling than cattle, moving

well over tough terrain, able to browse on coarse shrubbery, and causing less erosion to shallow soils.
Their pasturing at altitude facilitates the exploitation of a lessnomically viable and difficult to
cultivate landscape. Although livestock stabling was suggested to bessrakdlat Trou Arnaud, small
herds may have been reared for the consumption by farmers without the generation of substantial
surplus, suggesting adaptability to mountain environmemés considered in both plant and livestock
subsistence management (Daumas & Laudet, 2012).

5.4.2. Proposed site function and role in the Chasséen agropastoral economy

Although the primary function of Trou Arnaud has remained enigmatic, new perspectives on the
archaeobotanical material and comparison with broader Alpine prehistoric cave use have been
assessed to consider its role. Consequently, it is hoped a more comprehensive picture of the Chasséen
organisation of the Alpine landscape can be achieved. Thdtsesf macrofossil analysis were used to
critiqgue suggestions for site function proposed by Daumas & Laudet (2012) to conclude that Trou
Arnaud was likely a temporarily occupied, multifunctional space, with a partially pastoral role.

Beeching (irDaumas & Laudet, 2012¢marked that the cave saw repeated, but brief phases of
occupation. This interpretation was founded upon the lack of structural modifications to the cave,
limited to the clay storage structures, the transient character of ttegrsmall lithic assemblage, and

the minor levels of sedimentary disturbance, suggesting minimal trampling by human occupants and
livestock. Furthermore, the cave provides a cold and humid environment, argued to be uncomfortable
for long periods of habit#gon. This interpretation was difficult to assess from an archaeobotanical
perspective; the weed assemblage was too small to establish the seasonality of crop and pasture use,
thus no relationship to the season or duration of occupation could be disceheekrtheless, the
possible storage of dehusked grains supports a temporary occupation. Grains are generally stored in
odzf { (G2 Syadz2NB | 3INRdAzLIQa F22R adzZlJJX ASa F2N 0KS
(Prats et al., 2020Howeve, dehusked glume wheats would not preserve well in the humidity of the
cave, likely to spoil or germinate relatively quickly, suggesting the grains were intended feteshort
consumption. Even so, one must consider the taphonomic bias against spielains in charred
assemblages, particularly if burnt under high temperatures, and their likely underrepresentation due
to the use of coarse sieves during sample processing, thus the storage of dehusked cereals at Trou
Arnaud is uncertain (Bouby et al., Z)O

A fleeting occupation may also suggest the crops were less likely to have been grown in the immediate
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environs of the cave, instead suggesting close ties with a nearby permanentopsaitiement. The
adaptation of the chosen crop varieties to rmountain climate is unsurprising nevertheless,
considering the harsh character of the Diois climate and soils may have necessitated hardier crops
even at lower altitudes in valleys local to the cave. Their suitability to broad environmental conditions
means their attribution to the occupants of the cave or of a nearby settlement are impossible to
discern. However, temporary occupation can range from fleeting visits to the course of a season in
which cereal growth is plausible. The possibility remainss&asonal occupation, likely summer, by

a small agropastoral group with a limited amount of livestock, which may present a similar crop
assemblage and sedimentary disturbance to more fleeting occupation by lowland groups who
transported crops.

Prealpine aves were often associated with pastoral roles during the Chasséen for the stabling and
birthing of ovicaprids, however Daumas & Laudet (2012) argued the use of Trou Arnaud as a sheepfold
was secondary (Brochier et al., 1999). Numerous archaeologicalctbidstics are typically expected

of sheepfold caves from the Neolithic to the Iron Age; these are an abundance of spherulites,
phytoliths, pastoral weed seeds, and silty sedimentation, while grains are occasional and material
culture is sparse (Angeluatial., 2009) Gathered flora relating to livestock management may also be
recovered; at Grande Rivoir€éaxus baccatand Abies albaneedles are interpreted as litter or leaf
fodder, whileViscum albunwas possibly used to encourage lactation in ewdar(in et al., 2008).
Notably the material at Trou Arnaud contrasts this, featuring an abundance of ceramic and crop
remains while phytoliths relating to animal dung or spherulites were sparse in microscopically
analysed sediment (Daumas & Laudet, 2012ydxtheless, the identification of pastoral caves is more
nuanced than the criteria proposed by Angelucci et al. (2009). For example, although cereals were
scarce, material culture and hearth remains were abundant in the Chas3idegne layers at Gardon

cave, interpreted as a high occupation intensity sheepfold, although -pemmanently or
permanently occupied (Perrin et al., 20/oruz et al., 2004 Additionally, the cereal assemblage at
Trou Arnaud is comparable to the sheepfaldelling of Le Balmes, housing a community unit and
small number of livestock, interpreted based on sedimentological analyses and the recoigof
branches used for littering, despite grains being recovered in abundance (Martin, 2014). A similar
arrangement is plasible at Trou Arnaud on a smaller scale, with grains cultivated nearby or at a
neighbouring permanent settlement. Furthermore, despite the dissimilarities with botanical material
from sheepfold caves such as Gardon or Grande Rivoire, the faunal assealiglagevith the model

for the Chasséen agropastoral economy in which caves were specialised birthing areas for caprines
(Blaise, et al., 2010; Bréhard, 20168% of caprine remains at Trou Arnaud derived from animals
under 2 months old, consistent with a birthing area function, whitgesneedles, frequently used in
littering, were recovered in small amounts, perhaps underrepresented due to the loss of fragile
remains during processing (Daumas & Laudet, 2012). Regarding the sparsity of spherulites, the
locations sampled for sedimentological analyses were not documented; however, their
underrepresentation is unsurprising if only the most recently excavated #neajomestic area by

the cave entrance, was sampled. Brochier et al. (1999) noted livestock were generally housed deeper
within the galleries, in zones less suited to domestic activities requiring light; consequently, sediment
from deeper areas such astlGalerie des Pots may present a different picture. Overall, the variability

in botanical and material assemblages from caves interpreted as sheepfolds, alongside the possibility
of material unrepresented by sampling or lost during processing means arglastie is plausible for

Trou Arnaud, either as a primary or joint function.
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While holding at least a partially pastoral role, the character of occupation at Trou Arnaud was likely
more nuanced and multifaceted. A multifunctional cave site is attesté@ &rotte de Pertus Il (Alpes
de-HauteProvence), originally a sheepfold cave, that developed joint roles as a ceramic studio and
dwelling site by the Recent Chasséen (Battentier et al., 201)s, alternative functions for Trou
Arnaud, requiring ageneral occupation for short periods of time, must be considered. The
interpretation preferred by Daumas & Laudet (2012) was that of a refuge or resource gathering base
associated with a local permanent settlement. The suggestion of a refuge during dibtpebiods

was founded on the concealed, difficultly accessed location of the cave entrance and the abundance
of ceramics and grains. While caves interpreted as sheepfolds are usually easily approachable with a
large area for livestock, refuges are lessemsible, with a greater area dedicated to human occupation
and smaller stabling areas (Vital et al., 1987du Arnaud aligns well with this suggestion, featuring a
small entrance set within the cliff face of a steep gorge, and the Galerie des egpseted as a large
domestic storage area. Caves interpreted as refuges with similar botanical assemblages have been
identified in the Bronze Age. Dehusked glume wheats were also noted at the Bronze Age refuge cave
of Balme Layrou (Gard), attributed toetheduction of grain weight and volume to ease transportation
across the difficult terrain (Bouby et al., 200B)diverse ceramic corpus and abundant cereal stocks
were also recovered at La Balme a Gontran (Aanjued to be a refuge due to the dleage of
transporting large vessels and grain stores to a remote and concealed site, suggesting their movement
was extremely necessary (Treffort et al., 1999). Similar conclusions could be reached regarding Trou
Arnaud, particularly since the majority ofaterial culture and grains related to one phase (Layer B),
indicating an intensification of occupation perhaps related to a broadening of roles, possibly during a
socioeconomically tumultuous time.

Use as a base for resource gathering was also suggdstetb the fleeting character of occupation

(Daumas & Laudet, 2012). A hunting camp is unlikely since faunal remains from wild animals were
SEGNBYSte tAYAGSRT G(GKS &doaraidSyOoS NBYFAya |faz
in which grans were rare and wild fauna was prevalent (Martin et al., 200R.S OF gSQa LJX | OS"
the western Prealpsa focal area of the Alpine flint elxange circuit, may justify its consideration as a

rock resource gathering base or base along a roate or across the Alps, however this is not

supported by the limited lithic corpus, or the heavy abundance of grains and ceramics, unlikely to be
carried by travellers (Della Cassa, 20D&umas & Laudet, 2012). A camp for the collection of water,

clayor other local resources remains a possible function.

Notwithstanding the enigmatic and likely multifaceted function of Trou Arnaud, the adaptation of
crops to the environmental niche of the Diois, and abundance of grains, including in hearth deposits,
suggests some occupation by local farmers. The cave was temporarily occupied and held a partially
pastoral function. Its joint role as a resource gathering base or refuge is not inconceivable; a cave
already known to a group through its pastoral use wobbéda reasonable choice for refuge during
emergencies. Nevertheless, the cave of Trou Arnaud was ingrained within the Chasséen agropastoral
economy, used in the management of livestock and storage of grains, although these practices were
modified towards tke marginal landscape. Crops were plausibly grown around the cave, but their
cultivation in nearby valleys is also possible, while the site was almost certainly tied to a nearby more
permanently occupied settlement
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6. Conclusions

This work aimed to explore the complexity of specific cultural and environmental factors that
influenced Neolithic farming by assessing variation in agricultural practices around the western Alps.
The primary source of evidence was archaeobotanical matdrat informs inferences regarding

staple crop assemblages. An analysis of plant macrofossils from Trou Arnaud was presented as a case
study to examine the role of caves within the Chasséen agropastoral economy, better understand the
character of crop ctivation in the Prealpine landscape and provide an example of the adaptation of
agricultural practices in marginal environments. It was concluded that the Alpine environment and
topography, in combination with cultural and climatic factors, influenced @oop choice in two
aspects: by influencing the movement of people and spread of agricultural ideas, and through the
constraints on cultivation conditions within Alpine environmental niches.

The Alps were not a complete barrier to the movemenpebple and ideas during the Neolithic. This

is attested by the recovery of artefacts in the inner valleys and evidence fodistance material
exchange networks centred around Alpine flint sources (B&ec@ouard & Fedele, 1993; Hafner &
Schworer, 2017)Nevertheless, the character of cultural spheres on either side of the Alps differs
distinctly, reflected both in material culture and in the crop assemblages. Crop preferences
consistently differ between groups on and around the northern Prealpine lakdélse Rhéne Valley

to the west, and in northern Italy, throughout the Neolitiigee figure26). This is particularly notable
during the Early Neolithic in which crop preferences are distinct between north and south of the Alps,
reflecting the Mediterraean and Danubian routes of Neolithisation, and during the Middle Neolithic

2 to Late Neolithic in which fredareshing wheats are popular in the northern Prealps, while glume
wheats dominate the south and west. The Rhéne Valley was also highlighted ysaateeinto the

Alps, in which inner Alpine crop assemblages are often most similar to those from the western plains,
albeit with higher proportions dflordeum vulgarend glume wheats on miligh altitude sites, more
resilient within the harsher climateOverall, this suggests groups were culturally divided by the
extreme topography of the Alpine ranges, although using the passes as routes into and through the
mountains, reflected in differing agricultural strategies, crop preferences, and materialeefther

side of the Alps.
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North of the Alps (LBK)

North of Alps:

T. dicoccum, T. monococcum,
Hordeum vulgare, Pisum sativum.
Less commonly: T. nudum, Lens
culinaris,

Valais:
T. nudum, Hordeum vulgare.

Lake Varese:
T. dicoccum, Hordeum vulgare.

South of Alps:

T. monococcum, T. dicoccum,
Hordeum vulgare, T. nudum.
Less commonly: Pisum sativum,
Lens culinaris.

Northern Italian Prealps
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North Alpine foreland and Jura:
T. nudum, Hordeum vulgare,

T. monococcum, T. dicoccum,
Less commonly: Pisum sativum,
Lens culinaris.

Valais:
Hordeum vulgare, T. nudum.

Inner Alps:
Hordeum vulgare.
Less commonly: T. monococcum.

Northern Italian Alps and Po
Plains:

Hordeum vulgare, T. dicoccum,
T. monococcum.

Less commonly: T. nudum,
Pisum sativum, Lens culinaris.

Rhéne Valley and Western
Prealps:

T. monococcum, T. dicoccum,
Hordeum vulgare, T. nudum.
Less commonly: Pisum sativum,
Lens culinaris.
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Northern Italian Prea.iﬁ's
and Po Plains

Rhone Valley and

North Alpine foreland:

T. nudum, Hordeum vulgare,
Pisum sativum

Less commonly: T. monococcum,
T. dicoccum.

Jura:
T. dicoccum,
Less commonly: T. nudum.

Valais:

Heterogenous, including T. nudum,
T. monococcum, T. dicoccum.

Less commonly: Hordeum vulgare

Inner Alps:
Hordeum vulgare, T. monococcum,
T. nudum, Pisum sativum.

Northern Italian Prealps and Po
Plains:

Hordeum vulgare, T. dicoccum,
Less commonly: T. nudum,

T. monococcum, Pisum sativum,
Lens culinaris.

Rhéne Valley and Western

Prealps and

150

f//_&dq_\ % N Preal
0y realps:
WEStern Prealps /r “5‘*»7»\\ v Hordeum vulgare, T. nudum,
— "»l ; - T. monococcum, T. dicoccum.
N o Less commonly: Pisum sativum.
% 75375 75 300
S w km
S \ Eastern Prealpine Lakes:

T. nudum, Hordeum vulgare,

T. dicoccum.

Less commonly: T. monococcum,
Pisum sativum

Western Prealpine Lakes:
Hordeum vulgare, T. nudum,

T. dicoccum.

Less commonly: T. monococcum,
Pisum sativum, Lens culinaris.

Jura:

T. dicoccum, Hordeum vulgare,
T. nudum.

Less commonly: T. monococcum,
Lens culinaris.

Valais:

T. monococcum, Hordeum vulgare.
Less commonly: T. nudum, Pisum
sativum, Lens culinaris

Inner Alps:

Hordeum vulgare, T. nudum.
Less commonly: T. dicoccum,
T. monococcum.
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Northern Italian Prealps and Po
Plains:

T. monococcum, Hordeum vulgare,
T. dicoccum.

Less commonly: Lens culinaris.

FGURE26. MAPSDEPICTINBEGIONACRORPACKAGESROUNDIHEALPSTHROUGHOUTHE
NEOLITHIQNOTABLYCRORPACKAGEASREDISTINCEITHERSIDEOFTHEALPSANDIN PARTICULARLY
ISOLATEBEGIONS,E.VALAIS.

Altitude and environmental conditions, including soil conditions, also affected agropastoral practices
during the Neolithic. Hardier crops were better represented than less reliablettireshing wheats
on higher altitude sites or areas of impoverished aad harsher climate; notablyjordeum vulgare

often dominated assemblages from internal Alpine sites, while glume wheats were especially popular

in the Prealps of Dréme from the Middle Neolithic 1. Although it is not certain that these crops were
cultivated at altitude, the consistent popularity of crops that were better adapted to frosts, extreme
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weather, unpredictable precipitation, or shallow nutrigpbor soils, typical of mountain
environments, supports the plausibility of their growth in amwuntain zones. Consequently, it was
concluded that agricultural strategies were adapted to increase the reliability of yields under marginal
environmental conditions, resulting in the varying character of Alpine crop assemblages throughout
the Neolithic.

The asemblage from Trou Arnaud provided an excellent example of this. Cultural similarities with the
plains of the Réne Valley were attested by the abundance of Chasséen ceramics, typical across
Southern France during the Middle Neolithic. The initial poptylasf Hordeum vulgarevas often
dominant on Ancient Chasséen lowland sitdewever, the preference towards glume wheats during

the later occupation phase of Trou Arnaud was perhaps not entirely culturally influenced. The absence
of freethreshing wheatsvas unusual on Chasséen sites before 4000 BC; thus the preference towards
hardy glume wheatsHordeum vulgareand nitrogenfixing legumes denote an adaptation of
agricultural strategies to facilitate local cultivation on the poor soils of the Dioispkap farming
practices changed as groups settled the Diois more intensivgycleum vulgarea particularly
adaptable crop, was preferred initially; however, the crop assemblage diversified as the environment
became more intimately understood and exteray exploited following intensified deforestation.

The role of Trou Arnaud within the Chasséen agropastoral economy was also assessed. The abundance

2T OSNBIFf IyR fS3dzyYS ONRLJA &adza3Saida GKSANI AYLRN
livestock. Diet was supplemented with wild plant and animal resources. The occupants exploited the

local environment for plant resources, while crops were plausibly cultivated relatively local to the site.
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agropastoral economy as a sheepfold cave, used for the birthing of lambs, is probable, although the
space was likely multifunctional, with a greater emphasis on temporary human habitatiorothan

purely pastoral site. Sisequently, this work has highlighted the need for more nuanced
interpretations into Alpine agropastoralism during the Chasséen than previous models have proposed
(Beeching, 1981; 2003; Beeching et al., 2004; 2005).

Although regional variationin animal husbandryhas been recognisedn zooarchaeological
assemblagefrom western Europe, studies reached mostly bra@adtinentwide conclusionswhile
limited research focused oAlpinelivestock preferences. Nevertheless, the resultshefse studies
often mirroredregional differences in crop cultivatipdenoting a significant environmental influence
on subsistenceDuring the Earlyo Middle Neolithic, cattle s preferred in northern and western
Europe while caprines dominated along the Meditaan, reflecting the distinct crop packages north
and south of the Alps associated wittiferent currents of NeolithisatiofiManninget al., 2013. Some
evidence for the adaptation of husbandry practices to Alpgm@ironmentswas also identified in
southwestern Francewhile attle dominaed open-air sites in the Rine Valley smaller ruminants
(sheep/goat)vere prevalenton Prealpine cave siteand innerAlpine sites, such asBidgochPass
attesting toa preference in livestockased on geographical location and site ty(igrehardet al.,
201Q Hafner & Schirer, 2017). Subsequentlyan association between migigh altitude sites, hardy
crop cultivation, and ovicaprid husbandrnparticularly birthing activity appearscharacteristicof
mountain agropastorasm The abundance oHordeum vulgare glume wheats and remains of
caprines mder 2 months at Trou Arnaud provides a particuladyvincingexample ofdistinctive
mountain agropastoral practicedzuture work to synthesise broad scale archaeobotanical and
zooarchaeological data may providere holisticinsight intothe influence of Alpine environments
and cultural identities onubsistence strateg

Overall, this reassessment of the plant macrofossil assemblage from Trou Arnaud has generated a
more comprehensive understanding of agricultural practices in the Dioisitétgration within the
dataset of existing Alpine archaeobotanical data supports interpretations that the Prealpine landscape
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was farmed by the Middle Neolithic using specifically adapted agricultural practices, preferring hardier
crops, to enable cultivatn in mountain climates and soils. This development marks the beginning of
more intensive anthropogenic impact upon a sensitive environment that continues to day. Today,
some areas of the Alpine landscape are rapidly degenerated by contemporary agricotagtces

and industry through the specialisation of farms, overexploitation of fertile land, and intensified
pesticide usage, resulting in an uncertain future for regional farming and biodiversity (Fleury et al.,
2008). These agricultural systems arectitened by climate change, in which hydrological changes,
erosion, increased episodes of summer drought and winter flooding, and shifts in grassland ecology
due to new migrating species are predicted in the Alps (von Glasenapp & Thornton, 20d&)\e,

the persistence of traditional ecological knowledge has been identified as a key factor in the resilience
and longevity of traditional alpine farming practices; this involves seasonal movement of livestock,
labour intensive summers with flexible labobased in the community, and an intimate local
environmental knowledge regarding the rugged terrain and extreme weather systems (von Glasenapp
& Thornton, 2011)Traditional practices have been recognised as a vital tool for Alpine farmers in
adapting toclimate change, while future land management plans must be organised locally due to the
intense variability within the Alpine landscape (Fleury et al., 2008)

Nevertheless, many modern farmers are disconnected from these practices due partly tdtthralcu
value on productivity; von Glasenapp & Thornton (2011) suggested a cultural shift must occur to
highlight the benefit of longerm resilience over shoiterm output and increase uptake of traditional
practices. The long history of traditional Alpifaming can be highlighted through archaeological
study, reinforcing notions of its adaptability and sustainability across millennia of environmental and
climatological change. Archaeobotanical perspectives are especially relevant to exploring the human
environment relationship in the Alps, the impact of these interactions, and crop cultivation strategy
informed by traditional knowledge. Therefore, it is hoped this work has contributed to a more holistic
understanding of Alpine agricultural history, paui@rly within the Diois region.

Even so, understanding of early agropastoral activity in the Alps is still limited due to the relatively
small number of detailed studies. Although adaptive strategies employed by Neolithic farmers in
Alpine farming have ke identified, the conclusions remain relatively broad: that farmers preferred
hardier crops in marginal areas or periods of climatic stress. Future research should aim to develop
these interpretations to a higher level of detail. This may include aDNKssm®&n waterlogged or
desiccatedcrop remains to explore variations in agricultural practices that are difficult to detect
through traditional archaeobotanical morphometrics, such as the cultivation of different landraces or
cultivars as an adaptive agricultural strategy or identifyingegie traits in ancient cultivars that are

well suited to Alpine agriculture today (Brown et al., 2015; Wales & Kistler, 28b@¢ macrofossil

data must also be generated from the Alpine landscape, including tesamination of data from

sites excaated duringthe 20 OSy G dzNBE  LINA2NJ (2 GKS ARSYUGAFTFAOFIGAZ2Y
publishing and synthesis of morphometric data, reflective of different landrace morphologies,
cultivation conditions, or taphonomy (Jones et al., 2000 lack ofmacrofossil data from weed and

wild taxa was also a limiting factor in this analysis, resulting from the use of coarse sieves during
sample processing. Future sampling must be conducted using up to date processing methodologies to
enable more robust intgretations into the altitude of cultivation, seasonality in agropastoral
systems, harvesting methods, and further landscape exploitation. Nevertheless, this work has
contributed towards developing a more robust knowledge regarding the role of crops dineng
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Alpine Neolithiclt is hoped in future, a more holistic understanding of Alpine landscape history can
be generated to inform and inspire contemporary land management strategy with an aim towards
agricultural systems becoming less damaging to Alpine soils and more rdsilieechanging climatic
conditions of the present day.
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A.1.Appendixi: Neolithic sites with existing botanical data

The following tables presentollated existing data fronNeolithic sites in and around the Alps,
alongside contextual informatioregarding their geographical locati@nd dates of occupationTo
represent all dataclearly, thecomplete dtasheet has been split intaumerous smallettables
comprisinggeographical data for each sitehronological data including radiocarbon dates and
associated archaeological cultures, amdp macrofossitlata. References fdhe dataconsidered for
each site is included in the final table.

Table 1. Geographical data for existing sites.

TABLEL. THIS TABLE PRESENE®GRAPHICAL INFORMATION REGARBBGEITHIC SITES WITH EXISTING
ARCHAEOBOTANICAL DAMAAND AROUND THEPS

E
©
3 =
o2 —~ <
> c o z [ g
) = o 2] [} kel >
Site Name ] > o = 3 F
5] e 3 = =) =t
o 4 s = S =
;s 3
kel
2
<
Mariahilfberg | Brixlegg Austria Tyrol 534 47.427 11.882  Open air
Antonnaire Hearth 2 France Drome 1200 44.693333 5.361111 Cave
Aulp Du Seuil France Isere 1720 45.36737 5.902766  Rock shelter
Bessans Le Chateau France Savoie 1750 45.347222 7.026944 = Open air
Chalain Station 19 France Jura 489 46.669418 5.775339  Wet
Charavines Les Baigneurs France Isere 500 45.4361 5.5169 @ Wet
Clairvaux Station Il France Jura 525 46.570893 5.751837  Wet
Clairvaux station Il France Jura 525 46.570515 5.749138 @ Wet
Derriere Le Chateau France Ain 535 46.1871 5.5618  Open air
Fontbregoua France Var 400 43.55 6.2333  Cave
Gardon France Ain 360 45.956944 5.3875 Cave
Giribaldi Nice France Alpes Maritimes 70 43.710466 7.276067 = Open air
Grande Rivoire France Isere 580 45.22165 5.644459  Rock shelter
La Motte Aux Magnins Level V France Jura 525 46.57086 5.749724  Wet
Le Chenet Des Pierres France Savoie 940 45.435 6.645556  Open air
Les Balmes France Savoie 1350 45.264722 6.815278 = Cave
Pendimoun Castellar France Alpes Maritimes 690 43.813056 7.506111  Rock shelter
Saint Paul Trois Chateaux Le Valladas France Dréme 100 44.343773 4.760579 = Rock shelter
Saint Paul Trois Chateaux Les Moulins France Dréme 100 44.342278 4.751668  Open air
Trou Arnaud France Dréme 720 44.5648 5.3223 Cave
Freiberg Geisingen Germany Necker Valley 220 48.9333 9.1833  Open air
Hornstaad Hornlel A Germany Lake Constance 400 47.69479 9.005774 = Wet
Odenahlen Germany Federsee 580 48.119211 9.640983  Wet
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Sipplingen Osthafen layers 11 to 15

Strandbad Allensbach
Wangen Hinterhorn
Ziegelhutte Wallhausen
Hauslab Pass Otzi Mummy
Arene Candide
Armadell Aquila
Balm Chanto
Casalnoceto
Casatico
Castello di Annone
Cecima
Fagnigola
Isolino Virginia
Isorella
La Velall
La Vela VIII
Monte Covolo
Mosio
Ostiano Dugali Alti
Palu Di Livenza
Pizzo di Bodio
Rivarolo Mantovano
Rocca Di Manerba
Sammardenchia Cueis
Tolerait
Valgrana Tetto Chiappello
Vho Campo Ceresole
Aabach Risch Oberrisch
AKAD Presshaus JC2
Auvernier Brises Lames
Av Ritz Les Saturnales
Burgaschisee Sud
Cham Eslen
Cham St Andreas

Champs Devant Vaumarcus

Concise Sous Colachoz Ensemble 2

Derriere La Croix Saint Aubin

Egolzwil 3

Horgen Scheller layers 3 and 4

Hanenberg Chamleten
Kan San
Kempten Wetzikon
Kleiner Hafner
La Baume Villeneuve Abri 1
La Gilliere 1 and 2
Luscherz Kleine Station XV
Mythenschloss
Niederwil Gachnang
Pfafersbuel Sevelen
Pfaffikon Burg
Port Studeli USOS

Germany
Germany
Germany
Germany
Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland

Switzerland

Lake Constance
Lake Constance
Lake Constance
Lake Constance
Trentino Alto Adige
Liguria

Liguria

Piedmont
Lombardy
Lombardy
Piedmont
Lombardy

Friuli Venezia Giuli
Lombardy
Lombardy
Trentino Alto Adige
Trentino Alto Adige
Lombardy
Lombardy
Lombardy

Friuli Venezia Giuli
Lombardy
Lombardy
Lombardy

Friuli Venezia Giuli
Trentino Alto Adige
Piedmont
Lombardy

Lake Zug

Lake Zurick

Lake Neuchatel
Valais

Seeberg

Lake Zug

Lake Zug

Lake Neuchatel
Lake Neuchatel
Lake Neuchatel
Wauwilermoos
Lake Zurick

Lake Zug

Lake Zurick

Lake Zurick

Lake Zurick
Fribourg

Valais

Lake Bienne

Lake Zurick
Egelsee

Saint Gall

Lake Zurick

Lake Bienne

398
401
402
415

3210

90
230

1390

159

30
650
331
9
241
50
190
275
290
30
50
30
240
30
200
67
350
960
30
440
405
430
530
465
410
410
435
430
435
690
409
420
405
562
400
600
510
434
400
402
485
540
448

47.79472
47.709758
47.66095
47.747577
46.779389
44.1618
44.2047156
45.025364
44.907618
45.116667
44.87836
44.85
45.85668
45.81185
45.3
46.081
46.081
45.6002
45.1494
45.2166
46.0151
45.8
45.0727
45.5626
45.9824
46.4892
44.2731
45.1292
47.1239
47.3646
46.9713
46.2356
47.1671
47.1753
47.1783
46.8745
46.8472
46.8794
47.1823
47.2692
47.1691
47.3556
47.3318
47.3661
46.7464
46.2
47.047
47.3594
47.5589
47.1255
47.363989
47.1178

9.10024
9.079814
8.938894
9.140295

10.840306
8.326389
8.3296647
7.123807
8.9748001
10.533333
8.3154

9.08333
12.67518

8.71575

10.3166

11.0314

11.0314

10.4701

10.4721

10.25
12.4779
8.7143
10.4371
10.5529
13.203
11.3121
7.5153
10.3675
8.4544
8.5545
6.8757
7.3586
7.6674
8.4533
8.4664
6.7572
6.7175
6.7605
8.0164
8.5868
8.4499
8.5486
8.8175
8.544
6.8639
7.3
7.1468
8.5345
8.8601
9.4809
8.77817
7.2576

Wet
Wet
Wet
Wet
Glacier
Cave
Rock shelter
Rock shelter
Well
Open air
Open air
Open air
Open air
Wet
Open air
Open air
Open air
Open air
Open air
Open air
Wet
Wet
Open air
Open air
Open air
Open air
Open air
Open air
Wet
Wet
Wet
Open air
Wet
Wet
Wet
Open air
Wet
Open air
Wet
Wet
Wet
Wet
Open air
Wet
Rock shelter
Open air
Wet
Wet
Wet
Open air
Wet
Wet
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Riet Oberrieden
Saint Blaise Bains Des Dames
Saviese La Soie
Schlossmatte
Sion Petit Chasseur IV
Sion Tourbillon
Surles Rochettes Est Cortaillod
Sutz Lattrigen VI Riedstation
Sutz Lattrigen VIl Hauptstation
Thaygen Weier
Twann
Vorstadt 26
Zizers Friedau

Zurich Mozartstrasse

Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland

Switzerland

Lake Zurick
Lake Neuchatel
Valais

Lake Bienne
Valais

Valais

Lake Neuchatel
Lake Bienne
Lake Bienne
Lake Constance
Lake Bienne
Lake Zug
Grisons

Lake Zurick

405
427
850
430
490
650
485
445
445
417
426
416
540
400

47.2756

47.009
46.2434
47.1291
46.2318
46.2367
46.9469
47.0994
47.0985

47.736
47.0934
47.1693
46.9342
47.3639

8.5819
6.9844
7.3264
7.2385
7.3514
7.3689
6.8399

7.208
7.2056
8.4329
7.1567
8.5143
9.5627
8.5474

Wet
Wet
Open air
Wet
Open air
Open air
Open air
Wet
Wet
Wet
Wet
Wet
Open air

Wet
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Table 2. Dating and chronological data from existing sites.

TABLE2. DATA RELATING TO TBIETING AND CHRONOLOGY OF OCCUPATION AT THE SITES CONSIDERED DURING IN THIS

ANALYSIS IS PRESENTED IN THE FOLLOWING TABLE

Site Name

Mariahilfberg | Brixlegg
Antonnaire Hearth 2

Aulp Du Seuil

Bessans Le Chateau

Chalain Station 19

Charavines Les Baigneurs
Clairvaux Station Il

Clairvaux station Il

Derriere Le Chateau
Fontbregoua

Fontbregoua

Fontbregoua

Gardon

Giribaldi Nice

Grande Rivoire

Grande Rivoire

La Motte Aux Magnins Level V
Le Chenet Des Pierres

Le Chenet Des Pierres

Les Balmes

Les Balmes

Pendimoun Castellar
Pendimoun Castellar
Pendimoun Castellar

Saint Paul Trois Chateaux Le Valladas
Saint Paul Trois Chateaux Les Moulins
Trou Arnaud

Freiberg Geisingen

Hornstaad Hornlel A
Odenahlen

Sipplingen Osthafen layers 11 to 15
Strandbad Allensbach
Wangen Hinterhorn
Ziegelhutte Wallhausen
Hauslab Pass Otzi Mummy
Arene Candide

Arene Candide

Armadell Aquila

Period

Middle Neolithic 2
Middle Neolithic 2
Middle Neolithic 1
Middle Neolithic
Late Neolithic
Late Neolithic
Late Neolithic
Late Neolithic
Late Neolithic
Early Neolithic
Middle Neolithic 1
Middle Neolithic 2
Middle Neolithic 1
Middle Neolithic 2
Middle Neolithic 1
Middle Neolithic 2
Middle Neolithic 2
Middle Neolithic 1
Middle Neolithic 2
Middle Neolithic 2
Late Neolithic
Late Neolithic
Middle Neolithic
Early Neolithic
Early Neolithic
Middle Neolithic
Middle Neolithic 1
Late Neolithic
Middle Neolithic 2
Late Neolithic
Late Neolithic
Late Neolithic
Middle to Late Neolithic
Middle to Late Neolithic
Late Neolithic
Early Neolithic
Middle Neolithic
Middle Neolithic

Start

3650
3910
4450

3060
2400
3550

2500

4700
4321
4800
4000
3660
4400
4000
3700
3100

5030
4500
4400

3919
3700
3700
3147
4000
3700
3300

End

3534
3365
4250

2970
2300
3400

2200

4250
3796
4000
2600
3525
4200
3500
3100
2900

4800
3700
4000

3905
3688
3500
2420
2500
2900

Archaeological culture

Munchshofen

Chasséen

VBQ

Clairvaux Ancien
Luscherz

Late Cortaillod
Cortaillod
Campaniforme
Cardial/Prechasséen
Chasséen Ancien
Chasseen Recent
St Uze
VBQ/Chasséen
Epicardial/Chasséen
Chasséen
Burgundian Middle Neolithic
VBQ/Chasséen
VBQ/Chasséen
Chasséen

Cortaillod

Campaniforme

Cardial/Impressa
Cardial
Chasséen
Chasséen
Schussenrieder
Pfyn
Pfyn/Altheim
Pfyn

Horgen
Pfyn/Michelsberg/Horgen
Pfyn

Impressa
VBQ Il
VBQ
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Balm Chanto

Casalnoceto

Casatico

Castello di Annone

Cecima

Fagnigola

Isolino Virginia

Isorella

La Vela ll

La Vela ll

La Vela VI

Monte Covolo

Monte Covolo

Monte Covolo

Mosio

Ostiano Dugali Alti

Palu Di Livenza

Pizzo di Bodio

Rivarolo Mantovano

Rocca Di Manerba

Rocca Di Manerba
Sammardenchia Cueis
Tolerait

Valgrana Tetto Chiappello
Vho Campo Ceresole
Aabach Risch Oberrisch
AKAD Presshaus JC2
Auvernier Brises Lames

Av Ritz Les Saturnales
Burgaschisee Sud

Cham Eslen

Cham St Andreas

Champs Devant Vaumarcus
Champs Devant Vaumarcus
Concise Sous Colachoz Ensemble 2
Derriere La Croix Saint Aubin
Derriere La Croix Saint Aubin
Egolzwil 3

Horgen Scheller layers 3 and 4
Hanenberg Chamleten

Kan San

Kempten Wetzikon

Kleiner Hafner 4AB

Kleiner Hafner 4EF

Kleiner Hafner 5AB

La Baume Villeneuve Abri 1
La Gilliere 1 and 2

La Gilliere 1 and 2
Luscherz Kleine Station XV
Mythenschloss Layer 2
Mythenschloss Layer 3

Niederwil Gachnang

Late Neolithic
Middle Neolithic
Middle Neolithic
Middle Neolithic
Early Neolithic
Middle Neolithic 2
Early to Middle Neolithic
Early Neolithic
Early Neolithic
Middle Neolithic 1
Middle Neolithic 2
Middle Neolithic 2
Late Neolithic
Late Neolithic
Middle Neolithic 2
Early Neolithic
Middle Neolithic 2
Early Neolithic
Middle Neolithic
Middle Neolithic
Late Neolithic
Early Neolithic
Late Neolithic
Middle Neolithic 1
Early Neolithic
Middle Neolithic 2
Middle Neolithic 2
Late Neolithic
Middle Neolithic
Late Neolithic
Middle Neolithic 1
Middle Neolithic 2
Middle Neolithic 1
Middle Neolithic 2
Middle Neolithic 2
Middle Neolithic
Late Neolithic
Middle Neolithic 1
Late Neolithic
Middle to Late Neolithic
Late Neolithic
Late Neolithic
Middle Neolithic 1
Middle Neolithic 2
Middle Neolithic 1
Late Neolithic
Early Neolithic
Middle Neolithic 1
Late Neolithic
Late Neolithic
Late Neolithic
Middle Neolithic 2

2100

4990
4000

3760

3986

3960
5200

5549
2180
4500
5260
4000
3735
2300
4250
2800
4350
3943
4500
4000
3710
4800

4300
3050

2400
4250
4000
4450
3020
4900

3403
2680
3200
3660

2000

4710
3700

3300

3820

3260
4800

4461
2180
4200
4780
4000
3667
2000
3750
2600
4000
3632
4250
3700
3677
3800

4300
3035

2200
4050
3800
4250
2900

4450
3386
2548
3200
3595

VBQ
VBQ

Vhé

Fiorano

Chassey type Lagozza/Cortaillod

Vho/Fiorano

VBQ
VBQ

Chassey type Lagozza

Whiteware/Horgen
Campaniforme
VBQ

Vhé

VBQ/Chassey type Lagozza

Impressa

VBQ

Chassey type Lagozza

Remadello

Fiorano

VBQ
Vho

Pfyn
Pfyn

Lucherz

Cortaillod
Egolzwil
Cortaillod/Pfyn
Early Cortaillod
Classic Cortaillod
Cortaillod

St Uze

Egolzwil
Horgen

Horgen
Cortaillod/Pfyn
Campaniforme
Early Cortaillod
Cortaillod/Pfyn
Egolzwil
Luscherz

Early Cortaillod
Cortaillod
Horgen

Corded ware
Horgen

Pfyn
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Pfafersbuel Sevelen

Pfaffikon Burg

Port Studeli USOS

Riet Oberrieden

Saint Blaise Bains Des Dames
Saviese La Soie

Saviese La Soie
Schlossmatte

Sion Petit Chasseur IV

Sion Tourbillon

Surles Rochettes Est Cortaillod
Sutz Lattrigen VI Riedstation
Sutz Lattrigen VII Hauptstation
Thaygen Weier

Twann

Twann

Vorstadt 26

Zizers Friedau

Zurich Mozartstrasse Layer 6
Zurich Mozartstrasse Layer 5
Zurich Mozartstrasse Layer 3

Zurich Mozartstrasse Layer 2

Middle Neolithic 1
Late Neolithic
Middle Neolithic 2
Late Neolithic
Late Neolithic
Middle Neolithic 1
Late Neolithic
MiddleLateNeo
Middle Neolithic 2
Early Neolithic
Late Neolithic
Late Neolithic
Late Neolithic
Middle Neolithic 2
Middle Neolithic 2
Late Neolithic
Late Neolithic
Early Neolithic
Middle Neolithic 1
Middle Neolithic 1
Late Neolithic

Late Neolithic

4300
3400
3700
3000
2640
4680
3500
3410
4000
4930
2450
3393
3202
3822
3593
3176
3400
4800

3124
2700

4000
2800
3500

2450
4250
3100
3380
3800
4767
2100
3388
3013
3584
3573
3072
2800
4800

2883
2499

Epi Rossen
Horgen

Early Cortaillod
Horgen

Corded ware

Luscherz
Horgen

Cortaillod

Lucherz-Auvernier
Horgen

Horgen

Pfyn

Cortaillod

Horgen

Horgen

LBK type Hinkelstein
Early Cortaillod
Classic Cortaillod
Horgen

Corded ware
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Table 3.Collated Alpine macrofossil data.

TABLE3. CROP MACROFOSSIL DATA IS COLLATED IN THE FOLLOWING TABLE FROM PREVIOUS STUDIES OF KNOWN
NEOLITHIC SITES IN AND AROUNDATRE

In the case of semjuantitative data, frequencies are symbolised as follows:
X = present. xx = common. xxx = abundant.

£ [ £
Site Name 3 = ; e & 3 % g 3 § g E § g

2NN REIEEE B N 2t g
3 g g E " T 0 =z F £ € 3 & 5
E= = z 8 & 5
=

Mariahilfberg | Brixlegg s X X b E X b Lo s X

Antonnaire Hearth 2 i 14% 52% . . 34% xxx . 3181 T. nudum

Aulp Du Seuil 3| 4. b 1 29 | 37 |

Bessans Le Chateau s s . . . XXX . L] Hordeum sp.

Chalain Station 19 X X b b XXX X XXX Lo Triticum sp. b . XXX XX

Charavines Les Baigneurs . 5822 390 . . 57 . L] T. dicoccum . LXXX XX

Clairvaux Station Il i X X b L X h h 26 . X .XX XX

Clairvaux station Il s X X . . XXX X .| Hordeum sp. X L XXX XX

Derriere Le Chateau X XX X h b XXX b b Hordeum sp. b X . X

Fontbregoua (Early) 1 9 89 . 42 16 . . 157 T. nudum

Fontbregoua (Mid Neo 1) 411 177 306 . 212 7| b 1064 T. monococcum

Fontbregoua (Mid Neo 2) 9 7 19 . 13 1. . 49 T. nudum

Gardon s s 2| 1 1 2. 6 .

Giribaldi Nice 9 56 307 . 22 135 96 . 625 T. nudum 1 1.

Grande Rivoire (Mid Neo 1) 3. 4 E 4 . b 11|

Grande Rivoire (Mid Neo 2) 5 5 6 . . 6. . 22 .

La Motte Aux Magnins Level V . 665 22 |. E 5| b 932 T. dicoccum 10 . 7203 225

Le Chenet Des Pierres (Mid Neo 1) 20 . 3. . 284 | .| Hordeum sp. 1. 421 .

Le Chenet Des Pierres (Mid Neo 2) 106 22 571 |. b 422 . Lo T. nudum 140 .

Les Balmes (Mid Neo 2) 22147 143 598 . . 303 . . 23191 T. monococcum 1.

Les Balmes (Late Neo) 5685 327 676 . E 11864 . b 18552 Hordeum sp.

Pendimoun Castellar (Late Neo) . . X . . XX X . 26 Hordeum sp.

Pendimoun Castellar (Mid Neo) 5 X X b b X 8 Hordeum sp.

Pendimoun Castellar (Early Neo) 7. 2. 4 6 6 | 25 Hordeum sp.

Saint Paul Trois Chateaux Le Valladas 1 1 2| E 3| b 18950 Hordeum sp. 2|

Saint Paul Trois Chateaux Les Moulins 138 29 36 . 6 1712 26 . 1931 Hordeum sp. 1.

Trou Arnaud 2163 1086 39| 590 587 237) | T. monococcum 349 76 .

Freiberg Geisingen 1379 21 1. 2 611 . L] T. monococcum 1.

Hornstaad Hornlel A s 9 41 . b 65 . Lo Hordeum sp. b b 1219 4845

Odenahlen 356 1482 3727 . 2098 863 . L] T. nudum . . 202 | 2846

Sipplingen Osthafen layers 11 to 15 1389 353 35815 . 1461 1937 1( 23281 T. dicoccum b L 201 4753

Strandbad Allensbach X XXX XX . X XX . L] T. dicoccum

Wangen Hinterhorn XX XX XX b L XXX b .| Hordeum sp. X L XXX XXX
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Ziegelhutte Wallhausen
Hauslab Pass Otzi Mummy
Arene Candide (Early Neo)
Arene Candide (Mid Neo)
Armadell Aquila

Balm Chanto

Casalnoceto

Casatico

Castello di Annone
Cecima

Fagnigola

Isolino Virginia

Isorella

La Vela Il (Early Neo)

La Vela Il (Mid 1)

La Vela VIl

Monte Covolo (Mid Neo)

Monte Covolo (Horgen layers)

Monte Covolo (Campaniforme layers)

Mosio

Ostiano Dugali Alti
Palu Di Livenza
Pizzo di Bodio
Rivarolo Mantovano

Rocca Di Manerba (Mid Neo)

Rocca Di Manerba (Late Neo)

Sammardenchia Cueis
Tolerait

Valgrana Tetto Chiappello
Vho Campo Ceresole
Aabach Risch Oberrisch
AKAD Presshaus JC2
Auvernier Brises Lames
Av Ritz Les Saturnales
Burgaschisee Sud

Cham Eslen

Cham St Andreas

Champs Devant Vaumarcus (Mid Neo 1)
Champs Devant Vaumarcus (Mid Neo 2)
Concise Sous Colachoz Ensemble 2

Derriere La Croix Saint Aubin (Mid Neo)

Derriere La Croix Saint Aubin (Late Neo)

Egolzwil 3

Horgen Scheller layers 3 and 4

Hanenberg Chamleten
Kan San

Kempten Wetzikon
Kleiner Hafner 4AB
Kleiner Hafner 4EF
Kleiner Hafner 5AB

La Baume Villeneuve Abri 1

La Gilliere 1 and 2 (Early Neo)
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La Gilliere 1 and 2 (Mid Neo 1)
Luscherz Kleine Station XV
Mythenschloss Layer 2
Mythenschloss Layer 3
Niederwil Gachnang
Pfafersbuel Sevelen

Pfaffikon Burg

Port Studeli USOS

Riet Oberrieden

Saint Blaise Bains Des Dames
Saviese La Soie (Mid Neo 1)
Saviese La Soie (Late Neo)
Schlossmatte

Sion Petit Chasseur IV

Sion Tourbillon

Surles Rochettes Est Cortaillod
Sutz Lattrigen VI Riedstation
Sutz Lattrigen VII Hauptstation
Thaygen Weier

Twann (Mid Neo 2)

Twann (Late Neo)

Vorstadt 26

Zizers Friedau

Zurich Mozartstrasse Layer 6
Zurich Mozartstrasse Layer 5
Zurich Mozartstrasse Layer 3

Zurich Mozartstrasse Layer 2

adl

3241
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XX
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22 |.
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XX XX
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XXX XXX

1155 1700 .

XX XXX
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X
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XX

218 Hordeum sp.

4825 T. nudum

11260 T. dicoccum

135 T. dicoccum

74249 T. nudum

339 .

3735 T. dicoccum/T. nudum

39982 Hordeum sp.

T. nudum

4707 Hordeum sp.
2940 Hordeum sp.
4146 Hordeum sp./T. monococcum
5435 Hordeum sp.

6174 T. monococcum

587 T. nudum

2649 Triticum sp.
4788 T. nudum

3657 Hordeum sp.

T. dicoccum

5306 T.nudum

2356 Hordeum sp.
1758 T. dicoccum
1518 Hordeum sp.

6541 T. nudum

315 T. nudum

27689 .

1436 T. dicoccum

72|

69 .

XXX X
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XX
XXX
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2
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X
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41456
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1
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Table 4. References for collated dataset.

TABLE4. QTATIONS FOR THE PUBLICATIONS FROM WHICH EXISTING ARCHAEOBOTANICAL WAS COLLECTED FROM ARE
PRESENTED IN THE FOLLOWING TABLE

Site Name

Mariahilfberg | Brixlegg
Antonnaire Hearth 2

Aulp Du Seuil

Bessans Le Chateau
Chalain Station 19
Charavines Les Baigneurs
Clairvaux Station Il
Clairvaux station Ill
Derriere Le Chateau
Fontbregoua

Gardon

Giribaldi Nice

Grande Rivoire

La Motte Aux Magnins Level V
Le Chenet Des Pierres

Les Balmes

Pendimoun Castellar
Saint Paul Trois Chateaux Le Valladas
Saint Paul Trois Chateaux Les Moulins
Trou Arnaud

Freiberg Geisingen
Hornstaad Hornlel A
Odenahlen

Sipplingen Osthafen layers 11 to 15
Strandbad Allensbach
Wangen Hinterhorn
Ziegelhutte Wallhausen
Hauslab Pass Otzi Mummy
Arene Candide

Armadell Aquila

Balm Chanto

Casalnoceto

Casatico

Castello di Annone
Cecima

Fagnigola

Isolino Virginia

Isorella

La Vela ll

La Vela VIl

Monte Covolo

Mosio

Ostiano Dugali Alti

References

Oeggl, 2000

Beeching et al., 2000; Martin, unpublished

Martin et al., 2012

Martin, unpublished

Schaal, 2002

Lundstrom Baudais, 2005

Lundstrom Baudais, 1989a

Lundstrom Baudais, 1986

Vérot-Bourrely et al., 1997

Courtin and Erroux, 1974; Savard, 2000

Voruz et al., 2004

Thiebault et al., 2004

Delhon et al., 2008; Martin et al., 2011; Martin, 2014
Lundstrom Baudais, 1989b

Martin et al., 2008

Martin, 2010; Martin, 2014

Binder et al., 1993, (new analyses forthcoming)
Martin, unpublished

Martin, forthcoming

See Appendix 5 of this volume

Piening, 1988

Billamboz et al., 1992; Maier, 1996; 1999; 2001
Maier, 1988; 1995

Jacomet, 1990

Karg, 1990

Riehl, 1993

Rosch, 1990

Oeggl 1995; Oeggl & Schoch, 2000

Nisbet, 2006; 2008; Rottoli et Castiglioni, 2009
Arobba, et al., 1987; Biagi & Nisbet, 1986
Castelletti & Motella de Carlo, 1998; Nisbet, 1987
Castelletti & Motella de Carlo, 1998; Nisbet, 1999
Biagi et al., 1993

Castelletti & Motella de Carlo, 1998

Biagi et al., 1993; Pessina & Rottoli, 1996; Rottoli, 1999
Pessina & Rottoli, 1996; Pessina, 2001; Rottoli; 1999
Evett & Renfrew, 1971; Rottoli,1999, (new analyses forthcoming)
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Biagi et al., 1993
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Palu Di Livenza Corti et al., 1998; Pini, 2004

Pizzo di Bodio Pessina & Rottoli, 1996

Rivarolo Mantovano Follieri, 1987; Biagi et al., 1993

Rocca Di Manerba Barfield et al., 2002

Sammardenchia Cueis Rottoli, 1999

Tolerait Biagi & Nisbet, 1987; Oeggl, 2000

Valgrana Tetto Chiappello Motella De Carlo & Venturino Gambari, 2004
Vho Campo Ceresole Biagi et al., 1993; Castelletti, 1975; Pessina & Rottoli, 1996
Aabach Risch Oberrisch Jacomet, 2007

AKAD Presshaus JC2 Jacomet, 2007

Auvernier Brises Lames Lundstrom Baudais, 1978

Av Ritz Les Saturnales Martin, unpublished

Burgaschisee Sud Villaret von Rochow, 1967; Jacomet, 2007
Cham Eslen Martinoli & Jacomet, 2002

Cham St Andreas Jacomet, 1986

Champs Devant Vaumarcus Akeret & Geith Chauviere, 2003

Champs Devant Vaumarcus Akeret & Geith Chauviere, 2003

Concise Sous Colachoz Ensemble 2 Karg & Markle, 2002

Derriere La Croix Saint Aubin Akeret & Geith Chauviere, 2003

Egolzwil 3 Bollinger, 1994a; 1994b; Rasmussen, 1993
Horgen Scheller layers 3 and 4 Favre, 2002

Hanenberg Chamleten Jacquat & Hafner, 1996

Kan San Brombracher & Jacomet, 1997

Kempten Wetzikon Hosch & Jacomet in Rigert et al., 2005b
Kleiner Hafner Jacomet; 1987, Jacomet et al., 1989; Brombacher & Dick, 1987
La Baume Villeneuve Abri 1 Vandorpe in Mauvilly et al., 2010

La Gilliere 1 and 2 Martin, 2015

Luscherz Kleine Station XV Brombacher, 1997

Mythenschloss Jacomet et al., 1989

Niederwil Gachnang Van Zeit & Boekschoten Van Helsdingen, 1991
Pfafersbuel Sevelen Rigert et al., 2005a

Pfaffikon Burg Zibulski, 2017

Port Studeli USOS Brombacher & Jacomet, 2003

Riet Oberrieden Jacomet, 2004

Saint Blaise Bains Des Dames Mermod, 2000

Saviese La Soie Baudais, 1995; Martin, unpublished; Martin, 2015
Schlossmatte Brombacher, 2000

Sion Petit Chasseur IV Lundstrom Baudais & Martin, 2011

Sion Tourbillon Martin, 2015

Surles Rochettes Est Cortaillod Akeret, 2005; von Burg, 2002

Sutz Lattrigen VI Riedstation Brombacher, 1997

Sutz Lattrigen VII Hauptstation Brombacher, 1997

Thaygen Weier Robinson & Rasmussen, 1989

Twann Piening, 1981

Vorstadt 26 Jacomet & Wagner, 1987

Zizers Friedau Brombacher & Vandorpe, 2012

Zurich Mozartstrasse Brombacher & Dick, 1987; Jacomet et al., 1989



A.2.AppendixX2: Altitudinal distribution of cereal crops.

Graphs ar@resented in this appendix in which the core cereal crops from each site are plotted against
their altitude above sea levém), and their longitudinal position. This is overlain in relation to the
altitudinal zones present in each region, divided by thelmern Prealps, the western Alps anddRk
Valley, and the Central Alps and northern Italy. The altitudinal and regional boundaries of the
altitudinal zones follow the descriptions presented in (Walsh & GiQumetex, 2019). These figures are
referred to n Chapter 4.
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FHGURE28. THE ALTITUDINAL DISTRIBUTIONWIDBDLENEOLITHIA SITES IN THE WESTERN AND SOUTAIEFSN
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FHGURE29. THE ALTITUDINAL DISTRIBUTIONWIDBDLENEOLITHIQ SITES IN THE WESTERN AND SOUTAIEFSN
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FGURE30. THE ALTITUDINAL DISTRIBUTIONAOENEOLITHE SITES IN THE WESTERN AND SOUPMPRN



(yuoN 01 yinos) apnyuo

(4 4 ot

auoz ||1yl004

SN RIYUAPRLWES — ’

:n_0>ﬂ._,

Ai

sy sy

sdjeaid [e13Ua) 3Y3 Ul SIS 21Y|0aN Aj4e3

141 (44

059U OdWRI OYA

eiR103| . ‘ it

(121002 01 13WIEM)
31eWIP pasijei3uap

114

0

(114

001
(74
ovt

091
(19n9)
eas ueaw
081
anoqe
salaw)
00z 2PN Y
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FGURE32. THE ALTITUDINAL DISTRIBUTIONWIBDLENEOLTHICL SITES IN THEENTRAIALPS AND NORTHERMALY
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FHGURE34. THE ALTITUDINAL DISTRIBUTIONAJFENEOLITHIC SITES IN TBERNTRAIALPS AND NORTHERMLY
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FHGURE35. THE ALTITUDINAL DISTRIBUTIONEARLYNEOLITHIC SITES INETNORTHERMLPS
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FHGURE36. THE ALTITDINAL DISTRIBUTION WHDDLENEOLITHIA SITES IN THE NORTHERIRS
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FHGURE37. THE ALTITUDINAL DISTRIBUTIONWIDBDLENEOLITHIQ SITES IN THE NORTHERIRS
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FHGURE38. THE ALTITUDINAL DISTRIBUTIONAOEENEOLITHIC SITES IN THE NORTHERE
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A.3.Appendix3: Figures illustrating necereal crop distribution

The following figures display a spatial representation of the distribution and frequency efareal
staple crop macrofossils across the Alps throughout the Neolithic. The crops representeidlare

sativum Lens culinarisdLinum usitatissimumandPapaver somniferumand are presented on maps

covering the entire study area. The remains are represented-geantitatively according to their

frequency, as absent, present, common, or abundant, to standardise the dataset in which both semi

guantitative andquantitative data was used. These figures are referred to in Chapter 4.
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FGURE39. DISTRIBUTION dASUM SATIVUM IN THEARLYNEOLITHIC ACROSS FPS
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HGURE2. DISTRIBUTION dBISUM SATIVUM IN THRTENEOLITHIC ACROSS PMPS

Lens culinaris

FHGURE3. DISTRIBUTION AENS CULINARIS THEEARLYNEOLITHIC ACROSS AiPS
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