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Resum

A partir dels estudis paleoambientals i argueobotanics, aquest article presenta I'estat de la quiestio de
la recerca palecambiental en el neolitic de Catalunya. A més, ofereix una contextualitzacio climatica
i avalua 'impacte que van tenir en el paisatge les activitats econodmiques de les primeres societats
agricoles i ramaderes. D’una banda, es presenten les dades palinoldogiques de sequiéncies sedi-
mentaries en llacs, estanys o torberes que cobreixen aquest periode d’estudi; de I'altra, les dades
palinologiques i antracologiques de jaciments arqueoldgics nealitics.

Paraules clau
Paisatge, paleoambient, recursos forestals, neolitic, Catalunya

Abstract

From paleoenvironmental and archaeobotanical studies, this paper provides an overview on palaeo-
environmental research into the Neolithic in Catalonia. It also offers climatological contextualisation
and assesses the environmental impact of the economic activities of the firsts farmers and herders. It
provides both palynological data on sedimentary sequences in lakes, ponds or bogs and palynological
and anthracological data on Neolithic archaeological sites that cover the period studied.
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Landscape, Paleoenvironment, Forest resources, Neolithic, Catalonia
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1. Introducciod

Aquest article consisteix en un treball de sintesi dels estudis paleoambientals
i arqgueobotanics del periode neolitic a Catalunya. D’una banda, es presenten les dades
palinologiques de sequencies sedimentaries en llacs, estanys o torberes que cobreixen
aquest periode d’estudi; de I'altra, les dades palinologiques i antracoldgiques de jaciments
arqueologics neolitics. Aquest treball suposa un estat de la questié en la recerca palecam-
biental en el neolitic de Catalunya; a més, ofereix una contextualitzacié climatica i avalua
I'impacte que van tenir en el paisatge les activitats econdmiques de les primeres societats
agricoles i ramaderes.

2. El context climatic de la neolititzacio

Malgrat que I’'holoce es considera un periode relativament estable des del
punt de vista climatic en comparacié amb el pleistoce, s’han produit diverses oscil-lacions
de temperatures i precipitacions en els darrers 11.700 anys. L’holocé es pot dividir en tres
periodes: inicial (11,7-8,2 ka cal BP), mitja (8,2-4,2 ka cal BP) i recent (4,2 ka cal BP -
present). L’holocé mitja és el periode en el qual transcorre el neolitic i es defineix com una
transicié entre I’'holoce inicial, en el qual dominen els processos naturals, i I’'holoce recent,
dominat per les activitats humanes (Roberts et al. 2011).

L’holoce mitja constitueix el marc geologic i climatic del neolitic a la peninsula
Ibérica, caracteritzat per un clima temperat i més humit que I'actual, i és la fase de I’holocé
que presenta els valors més alts de precipitacions a la peninsula Ibérica (Ilvonen et al. 2019),
amb unes precipitacions més estables al llarg de I'any i una estacionalitat menys marcada
(Pla, Catalan 2005). Durant aquest periode, es produeixen alguns episodis de refredament
i descens en les precipitacions, com els que es detecten en 7,4 ka cal BP en registres
paleoclimatics globals (GISP2, Bond et al. 1997, 2001) i regionals, al mar d’Alboran (Cacho
et al. 2001), a Menorca entre 7,4 i 6,9 ka cal BP (Frigola et al. 2007) i entre 7,51 7,0 ka cal
BP en dipdsits lacustres de la peninsula Iberica (Vegas et al. 2009; Pérez-Sanz et al. 2013).
Aquestes evidencies s’han definit com una anomalia climatica a escala global que es va
produir entre 7,5 i el 7,0 ka cal BP (Hou et al. 2019), el que suposa que la neolititzacié del
nord-est de la peninsula Ibérica va tenir lloc en un context de refredament i descens de
les precipitacions i que no va ser fins al neolitic antic epi-postcardial que les condicions
climatiques van variar en augmentar I'estabilitat.

A inicis del vi mil-lenni cal BP, coincidint amb els inicis del neolitic mitja, es
va iniciar una tendéncia global cap a unes condicions més fredes, paral-lelament a un
procés d’aridificacié al Mediterrani occidental (Jalut et al. 2009). A partir d’aquest moment,
alguns registres paleoclimatics mostren canvis en I’estacionalitat de les precipitacions,
amb una sequera estival més pronunciada a la regié Mediterrania (Morellon et al. 2009;
Pérez-Obiol et al. 2011; Magny et al. 2012). Aquesta aridificacio creixent i I’establiment
d’una estacionalitat amb una sequera estival marcada es van consolidar a partir de I'epi-
sodi de refredament i aridesa que va tenir lloc el 4,2 ka cal BP (Bond et al. 2001; Roberts
et al. 2011; Bini et al. 2019; Di Rita, Magri 2019), coetani del neolitic final i que va donar
pas a I’'holoce recent.
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En definitiva, la causalitat dels canvis ambientals durant I’holocé mitja con-
tinua sent un tema de debat entre les interpretacions que donen més pes a la variabilitat
climatica i les que remarquen I'impacte huma. En tot cas, la causalitat dels canvis ambi-
entals d’aquest periode és multiple i I'holoce mitja esdevé, per tant, un periode clau per
analitzar les interaccions entre els humans i el medi ambient, i tractar de revelar la causa
dels canvis ambientals i els processos de construccio paisatgistica.

3. Estat de la recerca arqueoecologica

Aquest article es basa en un recull dels jaciments arqueologics i de les
sequiencies naturals publicades amb dades paleoambientals del periode neolitic. D’'una
banda, s’han seleccionat les seqléncies que aporten dades de tot o d'una part del
periode neolitic i que engloben una finestra temporal entre 8,2 i 3,8 ka cal BP, per tal de
disposar de dades sobre el paisatge anteriors a I'arribada de les primeres comunitats ne-
olitiques a Catalunya. De I'altra, els jaciments arqueoldgics aporten dades palinologiques
que permeten coneixer el paisatge a I’entorn més proper dels assentaments, en aquesta
sintesi pol-linica s’ha optat per considerar tot el periode neolitic (antic, mitja i final). En el
cas de I'antracologia, es presenta una seleccié de les dades dels carbons estudiats en
jaciments del neolitic antic a Catalunya, el periode del neolitic més representat en nombre
de jaciments i de restes estudiades.

En total, es disposa de 21 registres pol-linics que cobreixen part del periode
neolitic. D’aquests, sis es localitzen als Pirineus, set a les comarques de Girona, cinc a la
costa de Barcelona i tres a la costa de Tarragona (Fig. 1). Com podem observar al mapa
(Fig. 2), les sequéncies palinologiques es concentren en zones d’alta muntanya i en zones
de costa, amb I'excepciod de I'estany de Banyoles i el paleollac de la Vall d’en Bas (la Gar-
rotxa). Aquesta distribucié indica un buit de dades paleoambientals a la Catalunya Central,
al Valles i a la Depressio Central, zones on I'antracologia esdevé I'Unica disciplina que aporta
informacio sobre el paisatge neolitic. Aquest buit es deu a la inexisténcia en aquestes arees
de dipdsits sedimentaris aptes, basicament depressions humides, per fer estudis pol-linics.
A més, entre aquestes 21 sequéncies, només vuit aporten dades continues del periode
complet. Si atenem al control geocronologic d’aquestes sequéencies, només 10 presenten
un minim de cinc datacions, i sis procedeixen dels Pirineus. Als diagrames pol-linics que
presentem en aquest treball es representa una seleccié dels 16 registres pol-linics que ofe-
reixen un control geocronologic suficientment fiable i que cobreixen una part significativa del
periode objecte d’aquest article.

En els darrers 25 anys s’han anat implantant noves técniques de reconstruc-
ci6 paleoambiental que pretenen completar la imatge que ha aportat la palinologia i que han
contribuit a determinar la causalitat dels canvis holocens (natural vs. antropic). En destaquen
I'analisi dels palinomorfs no pol-linics (NPPs) i I'estudi dels carbons sedimentaris. Aquestes
noves dades corroboren la necessitat d’actualitzar la sintesi sobre els canvis ambientals
neolitics i la seva causalitat partint d’estudis interdisciplinaris.
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Seqiiéncia msnm. | Localitzacié Referencia

PIRINEUS

Estanilles 2247 Lladorre, Lleida Pérez-Obiol et al. 2012

Bassa Nera 1i2 1891 Naut Aran, Lleida Garcés-Pastor et al. 2017

Bosc dels Estanyons 2180 Escaldes, Andorra Miras et al. 2007

Planells de Perafita 2240 Plan. de Perafita, Andorra Miras et al. 2010

Riu dels Orris 2390 Escaldes, Andorra Ejarque et al. 2010

COMARQUES DE GIRONA

Les Palanques 460 Vall d’en Bas, Girona Pérez-Obiol 1988

Estany de Banyoles 173 Banyoles, Girona Pérez-Obiol, Julia 1994

SB2 Banyoles 174 Banyoles, Girona Revelles et al. 2015

Estany Mornau 1 Cast. d’Empdries, Girona Ejarque et al. 2016

Castelld6 d’Empuries 4 Cast. d’Empdries, Girona Burjachs et al. 2015; Burjachs 2012a,b

Sobrestany 13 Torroella de Montgri,Girona Parra et al. 2015

llla d’en Reixac 8,7 Ullastret, Girona Blech et al. 1998; Burjachs et al. 2000,
2005; Burjachs 2012a

COSTA DE BARCELONA

Besos 7 Barcelona Riera, Esteban 1994; Riera et al. 2004,
2007

Drassanes 6,5 Barcelona Riera 1995, 1996; Riera et al. 2004,
2007

Cal Maurici St. Boi de Llobregat, Barcelona | Daura et al. 2016

Mercabarna Barcelona Riera 1994; Riera et al. 2004, 2007

Cubelles 1 Cubelles, Barcelona Riera, Esteban 1994; Riera et al. 2004,
2007

COSTA DE TARRAGONA

Creixell 1 Creixell, Tarragona Burjachs, Schulte 2003; Burjachs
2012a,c

La Tanca-Salou 1 Salou, Tarragona Riera et al. 2010

Amposta 8 Amposta, Tarragona Pérez-Obiol et al. 2011

Fig. 1. Registres pol-linics integrats en aquest treball de sintesi.
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Fig. 2. Antracologia (en vermell): 1. Serra del Mas Bonet; 2. La Draga; 3. Cova d’en Pau; 4. Cova 120; 5. Bauma
del Serrat del Pont; 6. Plansallosa; 7. Cova de I’Avellaner; 8. La Codella; 9. La Dou; 10. Feixa de la Ceba; 11.
Camp del Colomer; 12. Balma Margineda; 13. Cova del Sardo; 14. Bosc del Quer; 15. Cova del Toll; 16. Ca
I"Estrada; 17. Cova del Frare; 18. Sant Pau del Camp; 19. Estacio Liceu; 20. Mines de Can Tintorer; 21. Cova de
la Guineu; 22. Cinc Ponts; 23. Santa Maria dels Horts; 24. Cami de cal Piques; 25. Pujolet Moja; 26. La Serreta;
27. Mas Pujo; 28. Cova de Can Sadurni; 29. Vilars de Tous; 30. Cova de la Font Major; 31. Coves del Fem; 32.
El Cavet; 33. Cova del Vidre; 34. Motllo de la Torre; 35. Barranc d’en Fabra. Pol-len (en groc): A. Estany Mornau;
B. Castellé d’Empdries; C. Sobrestany; D. Lllla d’en Reixac; E. Banyoles (LB) i Banyoles (SB2); F. Les Palanques;
G. Riu dels Orris; H. Planells de Perafita; I. Estanilles; J. Bassa Nera 1 i Bassa Nera 2; K. Besos; L. Drassanes;
M. Mercabarna; N. Cal Maurici; O. Cubelles; P. Creixell; Q. La Tanca-Salou; R. Amposta.

4. El paisatge neolitic segons les dades pol-liniques

4.1 Els Pirineus
A inicis del neolitic antic, 7,6 ka cal BP aproximadament, les sequéncies del
Riu dels Orris (RDO, Ejarque et al. 2010), del Bosc dels Estanyons (BDE, Miras et al. 2007)
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i dels Planells de Perafita (PDP, Miras et al. 2010) evidencien que la vall del Madriu-Perafi-
ta-Claror (Andorra) constituia un espai forestat (Fig. 3). La part alta de la serralada estava
dominada per boscos de pins i els prats alpins eren practicament inexistents. A les parts
inferiors de I'estadi subalpi i als sectors més humits i d’obaga, la pineda (Pinus sp.) es com-
binava amb formacions boscoses de bedolls (Betula) i d’avetoses (Abies). A cotes inferiors,
on hi havia un bosc mixt caducifoli que estava format principalment per roures (Quercus
sp. caducifoli), amb nombroses avellanoses (Corylus avellana) i altres taxons caducifolis,
dominava I'estatge monta. En aquest context, durant el neolitic antic es documenten les
primeres evidencies d’'Us pastoral dels espais altimontans. Entre 7,6 i 6,3 ka cal BP, s’ob-
serven a totes les sequiencies obertures locals de la pineda, de caracter moderat i puntual,
acompanyades de I'extensié de taxons herbacis i I'augment de taxons nitrofils i ruderals.
La preséncia i/o I'augment d’'espores de fongs coprofils indiquen una explotacié pastoral
d’aquestes obertures forestals. Aixi, a RDO (2.390m), en aquest periode, s’observen tres
fases d’obertura successiva de la pineda d’una durada d’entre 90 i 170 anys cada una,
intercalades amb periodes de recuperacio forestal. A BDE (2.180m), entre 7,0 i 6,3 ka cal
BP, i coincidint amb una fase de recuperacio forestal al sector de RDO, es documenta una
obertura forestal acompanyada d’un augment de taxons herbacis, nitrofils i ruderals, i també

Fig. 3. Diagrama pol-linic de les sequencies dels Pirineus. Siluetes d’exageracio dels valors en blanc (x2), en gris
(x5), en color (x10).
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de fongs coprofils. Aixi doncs, aquestes dades suggereixen una explotacié primerenca dels
sectors altimontans de la vall per part de les comunitats neolitiques a partir de 7,6 ka cal BP.
D’altra banda, les retraccions del bosc caducifoli i del bedollar a partir de 7,9-7,8 ka cal BP
i durant tot el neolitic antic, i el registre de Cerealia-t a partir de 7,5 ka cal BP aproximada-
ment, es podrien relacionar amb I'explotacid agropastoral de la part baixa de la muntanya.

En el neolitic mitja, entre 6,3 i 5,5 ka cal BP, I'explotacié humana es va fo-
calitzar en sectors concrets de la vall, la qual cosa va comportar obertures forestals més
amplies i més estables en el temps. A RDO, I'explotacio pastoral continuada va donar lloc
a una pineda oberta a partir de 6,3 ka cal BP, que va ser substituida de manera permanent
per formacions herbacies 5,5 ka cal BP aproximadament. A PDP, I'explotacio pastoral local
entre 5,51 5,0 ka cal BP va generar més desforestacio, que va anar acompanyada per
I'expansio de pastures alpines, i un augment de taxons nitrofils i ruderals, aixi com de fongs
coprofils. A la part baixa de la muntanya, entre 6,5 i 4.9 ka cal BP, es va produir un descens
del bosc mixt caducifoli, aixi com un registre més regular de Cerealia-t, que podria indicar
una explotacié més destacada dels sectors inferiors. El neolitic final va comportar un punt
d’inflexié per I'evolucio paisatgistica i I'explotacio pastoral de la vall. Entre 4,8 i 3,6ka cal BP,
la seqléncia de I'estany Forcat (2.531m) evidencia com les pinedes de les parts més altes
de la vall van ser substituides definitivament per pastures alpines que van dominar aquest
estatge durant la resta de I’'holoce final (Ejarque 2013). L'augment de taxons nitrofils i ru-
derals i la presencia de fongs coprofils indiquen I'explotacio pastoral de la zona. A I'estatge
subalpi també s’observen desforestacions moderades acompanyades d’activitats pastorals
a BDE. Es interessant destacar que per primer cop a la vall aquestes desforestacions es
van veure afavorides per I'Us del foc, tal com indica I'augment de macrocarbons.

Les sequéncies de Bassa Nera 1 i Nera 2 mostren un paisatge forestal dens,
amb un predomini del pi, encara que es van produir fases d’expansié dels boscos cadu-
cifolis (Corylus i Quercus caducifolis) en els periodes de més influencia oceanica, la més
destacable va tenir lloc durant el neolitic antic a Bassa Nera 2 (7,2-6,2 ka cal BP, Fig. 3).
A la sequéncia d’Estanilles s’observa una evolucié similar, amb un predomini del pi i uns
valors maxims de I'avellaner i roures durant el neolitic antic, que evidencien un clima més
humit. Als boscos de coniferes té€ un paper rellevant I'avet (Abies sp.), que presenta uns
valors maxims durant 7,2-6,2 ka cal BP a Estanilles, i a partir de 5 ka cal BP, a Bassa Nera,
possiblement a consequencia dels canvis climatics, amb uns estius més calids i plujosos.
Lincrement dels taxons herbacis ruderals i d’episodis d’incendi entre 7,3 i 5,8ka cal BP es
vincula a I'impacte de la ramaderia en espais d’alta muntanya (Garcés-Pastor et al. 2017).
Aquestes evidéncies coincideixen amb les dades d’Estanilles, on els percentatges de pi
(Pinus sp.) van disminuir progressivament durant el neolitic, a la vegada que les graminies
(Poaceae) es van expandir, aixi com les herbacies ruderals (Pérez-Obiol et al. 2012; Cunill
et al. 2013). A més, en aquest cas, la presencia de fongs coprofils entre 5,6 i 5,2 ka cal BP
aproximadament (Fig. 3) evidencia I'activitat ramadera; en canvi, durant tot el neolitic no hi
va haver presencia de Cerealia-t, fet que suggereix que I'agricultura va ser menys present
a I'entorn de la conca. Els carbons sedimentaris mostren més activitat d’incendis a partir
de 5,7 ka cal BP a Bassa Nera 1 i a partir de 4,5 ka cal BP, a Estanilles, probablement per
afavorir les activitats ramaderes d’alta muntanya. A Estanilles la pedoantracologia ha permes
datar un carbd de Cytisus oromediterraneus entre 5,3 i 5,1 ka cal BP que s’ha relacionat
amb I'obertura (Cunill 2010).
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4.2 Les comarques de Girona

Les sequiencies de I'area de la Garrotxa - el Pla de I'Estany mostren un paisat-
ge dominat per boscos densos de caducifolis a inicis de I’holoce mitja, en qué predomina
I'avellaner a la sequencia de les Palanques i el roure a Banyoles (Fig. 4). Pel que sembla,
també van tenir un paper destacat els boscos de coniferes, principalment pinedes, pero
també avetoses, des que es van expandir fa uns 7,6 ka cal BP. Els alzinars (Quercus ilex
esclerofil-les) van tenir un paper molt secundari en aquesta regié, amb un clima submedi-
terrani, temperat amb altes precipitacions. Ja des del neolitic antic es detecten les primeres
evidéencies de I'impacte de les primeres comunitats agricoles. En el cas de la Vall d’en
Bas, es van produir episodis de regressié del bosc de caducifolis amb una expansié de
graminies (Poaceae) i, en alguns casos, amb la preséncia de Cerealia-t (6,8-6,6 i 6,3 ka cal
BP). A Banyoles, malgrat que les primeres evidéencies de Cerealia-t als sediments lacustres
no es documenten fins al neolitic final (5,0-4,2 ka cal BP), I'establiment de les comunitats
que van habitar el poblat de la Draga va provocar una pertorbaci¢ destacada, amb una
desforestacio significativa de la roureda. Aquesta transformacié del paisatge s’entén en el
context d’un impacte sostingut en el temps per la necessitat de proveiment de fusta i llenya
per a les construccions i les seves activitats quotidianes.

Fig. 4. Diagrama pol-linic de les sequencies de les comarques de Girona i del litoral de Barcelona i Tarragona.

Durant el neolitic mitja i el final s’observa una estabilitat relativa en el paisatge,
amb periodes de retrocés del bosc de caducifolis i d’expansié dels pins a la Garrotxa entre
5,61 4,8 ka cal BP, i amb una expansio lleugera de I'alzinar en la transicié cap a I’'holocé recent
a totes dues comarques. Pel que fa a I'impacte de les activitats humanes, a les Palanques
destaca la fase 4,4-4,2 ka cal BP, amb la preséncia de Cerealia-t i I'expansiod d’herbacies
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ruderals. A SB2 Banyoles destaca la fase 5,8-5,6 ka cal BP, amb I'evidencia d’incendis i
valors alts d’espores de fongs coprofils, i la 5,0-4,2 ka cal BPF, amb I'evidéencia de Cerealia-t,
incendis, fongs coprofils i I'expansié de ruderals (Fig. 4).

A les sequéncies de I'Emporda s’observen algunes diferéncies, relacionades,
principalment, amb la proximitat a la costa. Malgrat que totes les seqléncies mostren una
estabilitat en el pol-len arbori (AP) durant tot el neolitic, les sequencies de la costa mostren
una obertura més marcada del paisatge, sobretot, cap al final del periode, amb uns valors
més alts de maquia i herbacies a escala local al litoral. La sequencia de Sobrestany (Fig. 3)
ens mostra un paisatge dominat pels boscos de caducifolis, principalment, roures. En canvi,
a partir del neolitic mitja (6,0-5,2 ka cal BP), i a diferencia del que va passar a les comar-
ques de l'interior, es van desenvolupar boscos mediterranis mixtos de roure i alzina, amb
un paper secundari del pi. Aquest fenomen el podem observar a Sobrestany, a partir de
5,4 ka cal BP; al'illa d’en Reixac, des d'inicis de la seqléncia (ca. 6,0 ka cal BP), i també
a les sequencies de I'estany Mornau, des de 5,1 ka cal BP, i de Castelld d’Empuries. La
sequiencia de Sobrestany detecta les primeres evidencies d’'impacte antropic neolitic en
6,7-6,6 ka cal BP, amb pics de Poaceae, preséncia de Cerealia-t i regressio de roures, i
també en 6,4-6,3 ka cal BP, amb un increment lleuger de Poaceae, presencia de plantatges
(Plantago sp.) i valors alts de Cerealia-t. Posteriorment, també es detecten fases d’impacte
antropic durant el neolitic mitja i el final. També a l'illa d’en Reixac, on es documenta la
preséncia de Cerealia-t de manera sostinguda durant aquest periode, es corrobora una
presencia forca permanent de comunitats neolitiques al territori.

En definitiva, observem que I'alzinar t€ més importancia a la costa que a les
comarques interiors de clima marcadament submediterrani. També s’ha de destacar el
paper secundari del pi mediterrani a la costa, mentre que els valors alts de Pinus al diposit
de les Palanques (la Garrotxa) son el reflex del pi de muntanya en boscos de coniferes en
arees de muntanya mitjana. A més, tot i que es documenten alguns episodis de desfores-
tacié dels boscos de caducifolis, som davant una cobertura forestal densa, gairebé sempre
per sobre del 80% d’AP a I'interior i lleugerament inferior a la costa.

4.3 El litoral de Barcelona i Tarragona

Al pla de Barcelona, el diagrama Besos (Fig. 4) mostra que el sector nord de
la plana, al llarg del neolitic, estava ampliament ocupat per boscos, formats majoritariament
per taxons de tendéncia submediterrania amb un domini dels roures i dels avellaners, i amb
una presencia limitada de pinedes litorals. Durant el neolitic antic, les formacions forestals
caducifolies es van estendre pel sector central de la plana barcelonina fins al riu Llobregat,
com evidencien els valors dominants de roures i avellaners en les seqiiéncies de Drassanes i
Cal Mawurici. A I'extrem sud de la plana barcelonina, el diagrama de Mercabarna (delta del riu
Llobregat) evidencia que els taxons mesomediterranis perennifolis ocupaven espais amplis
i, amb anterioritat a 6,0 ka cal BP, els roures que hi havia probablement formaven part de
boscos mixtos amb les alzines. Els boscos mesomediterranis, formats per alzines-garrics
(Quercus ilex-coccifera), llentiscles (Pistacia lentiscus) i ullastres (Olea europaea var. sylves-
tris), i les pinedes, probablement de pi blanc (Pinus sp., P halepensis cf.), eren presents al
conjunt de la plana barcelonina, si bé ocupaven espais més extensos en direccié al sud de
la plana, vers el riu Llobregat. Al sector del Llobregat, a partir de 5,0 ka cal BP, els boscos
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caducifolis es van retraure en favor de la vegetacié meso o termomediterrania, que va
passar a ser dominant i a estar formada per alzinars, pinedes, maquies i boixedes (Buxus
sempervirens), segons mostren les sequéncies de Cal Maurici i Mercabarna.

Les primeres evidencies d’un impacte antropic al sector centre-nord de la
plana barcelonina es documenten durant el neolitic antic, entre 7,3 i 6,8 ka cal BP, quan
al Besos es va produir una obertura forestal associada a un augment dels incendis, que
sembla que van afavorir formacions arbustives de estepes (Cistus), romani (Rosmarinus) i
ericacies (Ericaceae). Durant aquest episodi es documenten evidencies d’activitats agrico-
les, com l'increment de Cerealia-t i de taxons ruderals. Nivells d’incendis del neolitic antic
també s’han documentat als diagrames de Drassanes i Mercabarna, aquests focs van
afavorir I'expansié de brolles de bruc (Erica sp.).

Al nord de Barcelona (Besos) es va produir una nova fase d’obertura forestal
durant el neolitic mitja amb una activitat agropastoral que va comportar nous incendis,
que van afavorir I’'expansio dels taxons perennifolis, arbustius i herbacis. Els diagrames
del Besos i Cal Maurici mostren una nova fase d’obertura forestal i activitat agropastoral,
amb la presencia de cereals, a inicis del nealitic final (5,2 ka cal BP). A Cal Maurici, aquest
impacte huma, va coincidir amb la substitucié de rouredes per alzinars i pinedes. La
configuracio vegetal al sud del massis del Garraf presenta dues caracteristiques que la
diferencien de la plana barcelonina: el predomini de les comunitats perennifolies mesoter-
mofiles (alzinars i maquies) i de les pinedes, i el fet de tenir més estabilitat en la composicié
de les masses forestals.

La marina penedesenca i el pla de Tarragona (seqtiencies de Cubelles, Crei-
xell i la Tanca-Salou) van mostrar, a partir de 7,5 ka cal BP, un paisatge dominat per alzinars
i pinedes, on les comunitats caducifolies mesofiles, si bé presents, tenien un paper secun-
dari. Entre 7,0 i 4,5-4,0 ka cal BP, les maquies formades per llentiscles, brucs i ullastres,
en aquests sectors meridionals de la costa central, van tenir un paper rellevant al paisatge
vegetal, especialment a I'entorn del massis del Garraf, on van assolir valors de fins al 20%
(Fig. 4). Tanmateix, en aquestes planes litorals hi havia taxons caducifolis com els roures,
els avellaners i, d’'una manera més puntual, els faigs (Fagus sylivatica), localitzats en indrets
ombrivols de les serralades litorals, possiblement als vessants nord i a les fondalades. La
presencia d’aquests taxons mesofils es reduia progressivament entre el massis del Garraf
i el pla de Tarragona.

Un fet destacable és que la cobertura forestal descendeix en direccio al
sud de la franja litoral penedesenca i tarragonina. Aixi, els valors d’AP passen del 80%, a
Cubelles, al 50%, a Creixell. Aquesta reduccio dels valors d’AP es deu principalment al fet
que hi ha menys pinedes cap al sud. Al sud del massis del Garraf, la sequencia de Creixell
mostra un primer episodi breu en el temps d’'impacte huma durant el neolitic antic, entre
6,3 i 6,0 ka cal BP. Aquest episodi es va caracteritzar per una obertura forestal lleu que va
afectar principalment I'alzinar, amb evidencies d’activitats agricoles i ramaderes, aportades
per la presencia de Cerealia-t i taxons ruderals. A Cubelles i Creixell es va produir un nou
episodi de desforestacio durant el neolitic mitja, en 5,9-5,7 i1 5,7-5,1 ka cal BP, respectiva-
ment. Durant aquesta fase, el foc va afectar principalment I'alzinar i va afavorir I'extensié de
comunitats arbustives de maquies i brolles. La presencia de Cerealia-t i ruderals indica que
hi havia activitat agricola i ramadera a les planes litorals. Totes dues sequéncies evidencien
un darrer impacte antropic al litoral durant el neolitic final (5,2-4,6 ka cal BP) caracteritzat per
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una desforestacié més profunda a Cubelles, amb evidéncies d’agricultura i un Us notable
del foc que va afavorir I'extensi¢ de brolles.

El sector del delta de I’'Ebre va estar ocupat per pinedes i I'alzinar hi era
menys present amb anterioritat a 8,2 ka cal BP, segons indica la sequéncia d’Amposta. A
partir d’aquest moment, es van expandir comunitats d’alzines, roures, avellaners i maquies.
Els alzinars van comencar a expandir-se 6,8 ka cal BP, alhora que es va reduir progressi-
vament la pineda. Els taxons submediterranis, com els roures i els avellaners, es van anar
reduint i van desapareixer entre 5,3 i 4,7 ka cal BP, i I'alzinar va passar a ser la comunitat
dominant en el neolitic final. Les primeres evidencies de desforestacions a les Terres de
I'Ebre son del neolitic antic. Un primer episodi, datat 7,6 ka cal BP aproximadament, esta
associat a incendis i a taxons que indiguen una pertorbacié de sdls, sense que es docu-
menti, perd, pol-len de Cerealia-t. Els incendis van provocar una nova obertura de la pineda
i 'alzinar entre 7,0 i 6,8 ka cal BP, moment en que la identificaci® de pol-len de Cerealia-t
indica la preséncia d’activitats agricoles. Els episodis de desforestacié del neolitic mitja (6,0-
5,5 ka cal BP) i del neolitic final (4,6-4,2 ka cal BP) estan associats a obertures forestals,
principalment, reducci¢ de les pinedes, i a la presencia de Cerealia-t.

5. Reconstruccié paleoambiental a partir del registre arqueologic:
arqueopalinologia

A I'apartat anterior hem repassat la historia de la vegetacié durant el neolitic
a Catalunya a través dels registres pol-linics en sequéncies naturals (llacs, estanys, llacu-
nes, torberes). Aquests tipus de registres sén adequats en la reconstruccié de les dina-
miques de la vegetacid a escala regional. D’altra banda, el registre pol-linic d’un jaciment
arqueologic aporta dades complementaries que permeten reconstruir el paisatge local,
és a dir, I’entorn dels assentaments. El registre arqueopalinologic esta fortament afectat
per les activitats humanes a I'interior dels assentaments (Us de vegetals) i a I'entorn més
proxim, fet pel qual els valors arboris acostumen a ser més reduits i els taxons herbacis
solen estar sobrerepresentats. En canvi, malgrat aquest biaix antropic, I'arqueopalinolo-
gia subministra dades fiables per reconstruir el paisatge durant les diferents ocupacions
d’un jaciment.

L’'aplicacié de I'analisi palinologica permet obtenir respostes a preguntes de
caracter paleoambiental, perd, també, arqueologic, com mostren alguns dels exemples
d’estudis fets en jaciments neolitics catalans. Lestudi que es va desenvolupar al jaciment
de la balma del Serrat del Pont (Burjachs 1997, 2002, 2012d) va permetre reconstruir el
paisatge a escala local a la vall del Llierca (la Garrotxa) des del mesolitic fins a I'época
iberica, entre 9,3 i 2,5 ka cal BP (Fig. 5). Lestudi arqueopalinologic en aquest jaciment ens
permet observar les diferencies que hi havia al paisatge local a la vall del Llierca respecte
a arees veines, com la Vall d’en Bas o Banyoles. En aquest cas, podem observar com a la
vall del Llierca hi havia uns boscos mediterranis mixtes dominats per 'alzinar ja des d’abans
del neolitic, un fenomen que s’explica pel substrat rocés calcari d’aquesta vall. A més,
es documenten grans concentracions de Cerealia-t, fet que evidencia una practica de
I'agricultura rellevant des del neolitic antic. La preséncia esporadica de grans de pol-len de
cereal als nivells mesolitics a la balma del Serrat del Pont s’ha d’entendre en el context dels
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Fig. 5. Diagrama pol-linic del jaciment de la Bauma del Serrat del Pont i del jaciment de La Draga (sintesis dels
treballs a Revelles et al. 2016, 2017).

processos d’erosid que pel que sembla van patir aquests nivells a causa de I'estructuracio
de I'espai (fogars, cubetes, etc.) per ocupacions neolitiques posteriors.

Un altre cas d’estudi arqueopalinologic és el que es va desenvolupar a la
Draga (7,3-6,7 ka cal BP), on la palinologia ha ajudat a comprendre els processos de
formaci6 del jaciment (Revelles et al. 2016), a avaluar les condicions ambientals des d’un
punt de vista espacial i a identificar usos de I'espai (Revelles et al. 2017). A més, I'estudi
de mostres arqueoldgiques permet avaluar les diferencies entre I'impacte antropic detectat
en un diposit natural proper (SB2 Banyoles) i les evidencies de les activitats agroramaderes

38 (27-54)



EL PAISATGE | L APROFITAMENT DE RECURSOS FORESTALS DURANT EL NEOLITIC ANTIC A CATALUNYA

detectades al jaciment. Aixi, a la Draga es documenten grans concentracions de Cerealia-t,
aixi com d’espores de fongs coprofils (Fig. 5), fet que mostra el gran impacte de les comu-
nitats neolitiques a escala local, a diferencia de I'impacte limitat de les activitats agricoles
a escala regional. D’aquesta manera, I'alta concentracio de pol-len de Cerealia-t respon a
I'emmagatzematge del gra a I'assentament, i la preséncia d’altes concentracions de fongs
coprofils, a la frequientacio i a la probable estabulacié dels ramats d’animals domestics a
I'interior del poblat.

També s’han dut a terme altres estudis palinologics en jaciments arqueologics
neolitics, com la cova 120 (Agusti et al. 1987), les coves del Fem (Palomo et al. 2018) i el
Cavet (Yll et al. 2009), que han aportat dades interessants sobre el paisatge a escala local.
En canvi, en altres casos, com el de la Dou (Expdésito, Burjachs 2007), la feixa de la Ceba
(Revelles, Burjachs 2013), Can Sadurni (Antolin et al. 2013) i la Prunera (Expésito, Burjachs
2004), les analisis no han permes reconstruir el paisatge a causa de la pobresa en el con-
tingut pol-linic de les mostres. Malgrat que en alguns jaciments els processos tafonomics
no permeten conservar el material esporopol-linic, particularment en jaciments a I'aire lliure,
s6n més nombrosos els jaciments on els resultats han estat positius i han aportat dades
significatives sobre el paisatge i les condicions palecambientals, i també dades de caracter
arqueologic (Us de I'espai, activitats economiques, etc.). La proporcié de jaciments neolitics
on s’han fet analisis antracologiques i palinologiques mostra una tendéncia de la recerca
arqueologica a Catalunya que cal redrecar, amb I'aplicacié sistematica d’un mostreig per
analisis palinoldogiques a les excavacions arqueologiques.

6. L’antracologia a Catalunya

L’antracologia presenta una trajectoria llarga a Catalunya. Els primers estu-
dis es van vincular especialment a contextos paleolitics (Ros 1985). No obstant aixo, les
sequiencies continues de la prehistoria recent van permetre obtenir dades diacroniques
des dels primers estudis (Ros 1995, 1996; Ros, Vernet 1987). Actualment, disposem de
diferents sintesis i estudis (Alcolea 2018; Allué 2002; Allué et al. 2007, 2009, 2013; Ca-
ruso-Fermé, Piqué 2014; Garcia-Arguelles et al. 2005; Piqué, Barcelé 2002; Piqué 1998,
2002, 2005; Piqué et al. 2018a, 2018b).

Els estudis antracologics han permeés conéixer I’'evolucio o transformacio del
paisatge vegetal i avaluar el comportament huma respecte als boscos del passat. L'estudi
de I'explotacié del combustible i d’altres usos dels recursos llenyosos permet analitzar
com els grups humans accedien i explotaven la fusta i els boscos. Les seqlencies antra-
cologiques referents al neolitic antic integren jaciments a I'aire lliure, en coves i en abrics.
La concentracié més gran es troba a les arees de muntanya de les comarques gironines
i al llarg de la Serralada Prelitoral, la Serralada Litoral i el Litoral. També els Prepirineus i
Pirineus disposen d’algunes sequencies (Obea et al. 2011). En canvi, les terres interiors de
les comarques lleidatanes concentren sequéncies de cronologies més recents (Allué et al.
2009, 2017; Vila, Pigué 2012). La pedoantracologia a Catalunya encara és incipient, pero
demostra un potencial enorme per explicar els espais oberts i el limit altitudinal del bosc i
els canvis en les formacions boscoses (Pardo 2020).
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Els diversos estudis de sintesi apunten que la distribucié de la vegetacio esta
relacionada amb aquests grans eixos biogeografics. A més a més, s’hi identifica una diferen-
cia substancial entre les zones de fons de vall, com la zona del Litoral, al sud del Llobregat,
o la zona del nord del Llobregat, i jaciments localitzats a altituds més elevades (Allué et al.
2009, 2017; Ros 1996). Les dades quantitatives de les quals es disposa tenen diferents
graus de fiabilitat, especialment, pel que fa al nombre de restes estudiades a cada jaciment.

7. Laprofitament dels recursos llenyosos

7.1 Pirineu i Prepirineu

Els estudis antracologics de jaciments situats a cotes mitjanes i altes de les
comarques pirinenques encara son escassos, la qual cosa fa que les estrategies d’apro-
fitament dels recursos forestals encara siguin poc conegudes. A les valls d’Andorra, els
estudis fets a la balma Margineda (Heinz 1990), amb tres nivells de neolitic antic cardial
que han estat datats entre 7,751 7,3 ka cal BP i 7,8-7,25 ka cal BP, i al Camp del Colomer,
amb una ocupacio del neolitic antic datada entre 6,45 i 5,9 ka cal BP (Piqué et al. 2015),
proporcionen una bona representacio de I'aprofitament dels recursos llenyosos entre els
primers grups agricultors i ramaders (Fig. 6). Tots dos jaciments, situats a la vall del riu
Valira, es troben molt proxims entre si, entre els 970m d’altitud de la balma Margineda i els
1.200m del Camp del Colomer. Aquests jaciments mostren un Us preferent de pi roig-pi-
nassa (Pinus t. sylvestris-nigra), avellaner i roure, aquests taxons es troben a tots els jaci-
ments que s’han estudiat (Fig. 6). No obstant aix0, s’aprecien diferencies entre tots dos
jaciments que poden respondre al fet que les llenyoses tinguessin uns usos especifics o
que n’hi hagués més a les proximitats dels jaciments. Aixi, malgrat que les coniferes son
dominants a tots dos jaciments, sempre amb valors entre el 60 i 90% de les restes, a la
balma Margineda destaca la preséncia de Juniperus, mentre que al Camp del Colomer és
especialment rellevant la presencia de teixos (Taxus baccata) i roures. Els dos jaciments
estudiats presenten similituds pel que fa al tipus de paisatge explotat, on les pinedes i les
rouredes, pel que sembla, van tenir una presencia amplia. En aquests boscos també van

Fig. 6 Diagrama antracologic jaciments del Pirineu, Prepirineu i comarques de Girona.
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créixer aurons/blades (Acer sp.), boixos i rosacies, aixi com avellaners, freixes (Fraxinus
sp.), oms (Umus sp.) i albers/pollancres (Populus sp.), que probablement van créixer a la
proximitat dels cursos d’aigua. No obstant aix0, les diferencies altitudinals i d’orientacio,
la cronologia i la funcié dels assentaments poden haver condicionat I'aprofitament dels
recursos, sent la diferencia més remarcable la major preséncia de teix al jaciment del
Camp del Colomer.

Els jaciments localitzats al parc nacional d’Aigliestortes i Estany de Sant
Maurici (PNAESM) també han proporcionat dades rellevants sobre I'aprofitament del com-
bustible vegetal (Obea et al. 2011, 2020). La cova del Sardo, amb nivells datats entre ca.
7,451 5,45 ka cal BP, situada a 1.790 msnm, també mostra un predomini clar de Pinus t.
sylvestris-nigra en tots els nivells, acompanyat de ginebre (Juniperus sp.), pero, també, amb
presencia recurrent de roures, salzes (Salix sp.), albers/pollancres i freixes (Fig. 6). Altres
taxons recurrents en el registre perd que hi apareixen en menys quantitat son I'avet, I'ave-
llaner i el bedoll (Betula sp.). La presencia d’aquests taxons possiblement esta relacionada
amb canvis al paisatge, com en el cas de I'avet, pero, també, amb el tipus d’ocupacio de
I'assentament. En aquest sentit, destaca la preséncia de I'avellaner Unicament en els nivells
identificats com a ocupacions estables (fases 8 i 6), a diferéncia del bedoll, que apareix en
els nivells formats per ocupacions breus pero reiterades (fases 7 i 5), on també s’observa
un consum més marcat del ginebre (Obea et al. 2020).

Pel que fa als assentaments situats per sobre dels 2.000 msnm, sembla que
no van estar ocupats de manera generalitzada fins a 5,3 ka cal BP (Gassiot 2016), tot i
que en alguns casos s’han documentat nivells del vi mil-lenni cal BP. Aquest és el cas de
I'abric de les Obagues de Ratera (PNAESM) (Gassiot et al. 2020) i de la cabana a I'aire lliure
de la Pleta de les Bacives a la vall del Madriu, a Andorra (Euba 2009). En tots dos casos, €l
taxé dominant és el Pinus t. sylvestris-nigra, possiblement corresponent al pi negre tenint
en compte laltitud dels assentaments i les evidéncies de tensio en el creixement. Mentre
que a les Obagues de Ratera només ha aparegut un fragment d’ericacia, a la Pleta de les
Bacives també s’han identificat fragments de monocotiledonies (Euba 2009). En general,
veiem com, malgrat el predomini de I'explotacio dels boscos de coniferes, els caducifolis
també s’hi troben ben representats, fet que indica que estaven ben instaurats a les arees
de captacio dels assentaments localitzats entre els 970 i els 1.790 msnm i que aquestes
arees estaven relacionades amb el desenvolupament d’altres activitats socioeconomiques
dutes a terme pels grups que les van ocupar. Una excepcié a I'explotacio de taxons propers
als assentaments és el cas del roure a partir de la fase 7 de la cova del Sardo, moment
en que es documenta una expansio i consolidacié de les coniferes en detriment de les
caducifolies al voltant dels 1.750 msnm. Pel que fa a les coniferes, destaca I'Us del ginebre
com a combustible de manera recurrent. També cal remarcar la presencia puntual de I'avet,
tant a les valls d’Andorra com a les valls de Boi.

7.2 Comarques gironines i Catalunya Central

Diversos jaciments de les comarques de Girona han proporcionat registres
antracologics datats en el neolitic antic. A les comarques de la Garrotxa, el Pla de I'Estany
i TEmporda els jaciments es localitzen entre els 75 msnm i els 510 msnm : la balma del
Serrat del Pont (Pigué 2002), la Draga (Caruso-Fermé, Piqué 2014), la Cova 120 (Ros 1985),
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Plansallosa (Ros 1995), la cova de I'Avellaner (Ros 1996), la Dou (Pigué et al. 2018a), Co-
della (Piqué et al. 2018a), la cova d’en Pau lll (Ros 1996) i la Serra del Mas Bonet (Fig. 6).
Només un jaciment, la Feixa de la Ceba (Piqué et al. 2018a), es localitza a la comarca del
Ripolles, a 950 msnm.

Fig. 7 Diagrama antracologic jaciments de la Catalunya Central, la Serralada litoral i el prelitoral.

Durant el neolitic antic s’observa un domini clar de les espécies dels boscos
caducifolis, que eren el dominants. El roure és dominant als jaciments a I'aire lliure de la
Draga, Plansallosa i la cova d’en Pau lll, on representa prop del 80% del total de les res-
tes determinades. En altres jaciments, com la balma del Serrat del Pont 1.4, la cova de
I’Avellaner, Codella, la Feixa de la Ceba i la Dou, juntament amb el roure, també esta ben
representat el boix (Buxus sempervirens) (Fig. 6). El boix és un arbust pioner que colonitza
els espais degradats de la roureda i és especialment rellevant en jaciments datats a partir
de 7,0 ka cal BP, probablement com a conseqliencia de I'antropitzacié progressiva dels
paisatges (Piqué et al. 2018b). Els jaciments que defugen aquesta dinamica sén la Serra
del Mas Bonet, I'Unic localitzat a 'Emporda, on trobem ben representats I'alzina i I'ullastre,
i la cova 120 lll, on es troben ben representats les coniferes (avets, pins i ginebres) i els
arbustos. A més, en aquestes comarques, especies com el llorer (Laurus nobilis) o el teix,
a meés del ja citat boix s’identifiqguen de manera recurrent, fet que podria indicar una certa
presencia al paisatge, molt més rellevant del que permeten inferir els registres pol-linics, en
que la preséncia d’aquests taxons és practicament invisible. Finalment, no podem deixar de
mencionar que taxons mediterranis com I'alzina-garric o les ericacies son presents nomeés
de manera molt marginal als jaciments d’aquestes cronologies, la qual cosa pot significar
que aquests taxons no eren abundants a I'entorn. D’aquesta manera, la disponibilitat local
pot haver condicionat I’aprofitament d’aquestes espécies.

Les comarques de la Catalunya Central practicament no disposen de re-
gistres palinologics i, per tant, els registres antracologics d’aquests jaciments sén I'Unica
evidencia de com eren els paisatges neolitics. Només les coves del Toll del Bages (Allué et
al. 2009, 2013; Mas, Allué 2020) han proporcionat un registre antracologic de cronologia
neolitica. En aquest jaciment destaca I'associacié del boix i el roure (Fig. 7). La intensificacio
de l'activitat humana, la reduccié de les precipitacions i I'augment de 'aridesa al llarg del
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neolitic van afavorir el desenvolupament de boixedes amb una reduccidé substancial de les
rouredes (Allué et al. 2009; Burjachs, Riera 1996; Piqué et al. 2018b).

7.3 Litoral, serralades litoral i prelitoral

Les serralades costaneres estan constituides per dues alineacions munta-
nyoses que discorren paral-leles a la costa, la Serralada Litoral i la Serralada Prelitoral,
separades per la Depressio Prelitoral. La Serralada Litoral s’estén entre el Baix Ter i el Baix
Penedes, i té una altitud mitjana entre els 300 i els 600 msnm. La Serralada Prelitoral és la
més llarga i la que té el relleu més elevat, entre els 800 i els 1.700 msmn, i s’estén des de
la conca del Ter fins al delta de I'Ebre.

A la comarca del Valles, la cova del Frare (Ros, Vernet 1987), localitzada a
960 msnm, mostra un predomini del roure i d’altres caducifolis, com I'aurd, perd també
hi t& una presencia destacable el teix (Fig. 7). En canvi, als jaciments litorals de Sant Pau
del Camp (Mensua, Piqué 2008) i del carrer del Liceu a Barcelona (Bordas et al. 2013),
juntament amb els roures, que son els taxons Més ben representats, apareixen llentiscles,
Rhamnus/Phillyrea, arbocos (Arbutus unedo) i brucs. Cal destacar la presencia del pi blanc
(Pinus halepensis) en diversos jaciments, encara que on presenta valors més destacats és
en Vilars de Tous (Clop et al. 2005).

A la Serralada Litoral, on hi ha la cova de Can Sadurni’i la cova Bonica (Fig. 7),
es registren conjunts formats per espéecies tipicament mediterranies i xerdfiles de I'alzinar
mixt amb alzines, roures i diverses espéecies arbustives (brucs, aladerns i arbocos, entre
d’altres). A la cova Bonica és important destacar la preséncia significativa del pi blanc (Pinus
halepensis), que pot estar relacionada amb incendis naturals o antropics i I’'obertura de
clarianes en el paisatge, com a consequéencia de la intensificacié de les activitats humanes
(Allué et al. 2017; Burjachs, Riera 1996). Aixi mateix, a Can Sadurni, juntament amb el roure,
s’identifiquen ullastres, llentiscles i altres elements que indiquen la presencia de boscos
oberts (Antolin et al. 2013). De fet, durant el neolitic antic, pel que sembla, els boscos es
van veure afectats per la intensificacio de les activitats humanes, fet que va permetre el
desenvolupament de formacions arbustives (Allugé et al. 2009, 2017; Antolin et al. 2013).
Els elements termomediterranis de maquia, com el llentiscle i I'ullastre, sén Unicament
significatius en jaciments localitzats directament al litoral pel sud del Llobregat, com a les
mines de Can Tintorer (Ros 1996) i al barranc d’en Fabra (Ros a Bosch et al. 1996). En el
cas de les mines 68 i 70 de Can Tintorer, on es documenta un Us preferent de I'ullastre,
pot estar relacionat amb I'Us funerari de les galeries. Aquestes formacions s’estenen a les
planes interiors del Penedes. En aquesta part del territori, la maquia d’ullastre i llentiscle
hi apareix significativament, perd també hi trobem altres elements de I'alzinar i el pi blanc
(Allué 2010; Euba 2011a, 2011b, 2011c).

Els boscos mixtos de roures amb alzines i altres caducifolis (aurons/bla-
des, rosacies) amb valors importants de teix es distribueixen per la Serralada Prelitoral en
jaciments en altitud, com el de la cova de la Guineu (734 msnm). Aquestes formacions
caducifolies arriben fins a les Terres de I'Ebre, com s’evidencia a la cova del Vidre (Fig. 8),
que es localitza a més de 1.000 m d’altitud (Alcolea 2018; Allué et al. 2009). En cronologies
més recents, en aquestes comarques, s’incrementen les especies esclerdfil-les i es redueix
el teix fins a la desaparicio (Allué et al. 2009; Uzquiano et al. 2015). En I'actualitat, queden
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Fig. 8 Diagrama antracologic jaciments de comarques de Tarragona.

relictes de teix a les muntanyes alpines de Prades i al Montsant, i s’estenen fins a alguns
territoris del nord, on durant la prehistoria eren presents esporadicament o a partir de
valors molt baixos (Caritat et al. 2004).

A les zones de les muntanyes del Montsant és significatiu assenyalar la pre-
séncia de boscos de pi roig-pinassa (Pinus t. sylvestris-nigra), que son, sens dubte, un
relicte del tardiglacial que encara perdura a les muntanyes de Prades (Cebria et al. 1981;
Ros 1994; Alcolea 2018). Els jaciments més meridionals de la Serralada Prelitoral, el de les
coves del Fem i el de la cova de la Font Major, registren evidencies de rouredes (Alcolea
2018) que arriben puntualment fins a la costa, com ho demostra I'escadusser registre
antracologic del Cavet (Fontanals et al. 2008). En aquest territori, les coves del Fem es
caracteritzen per la preséncia d’especies de boscos caducifolis, perd amb pinedes crio-
files, que continuen sent el component majoritari fins al final de la sequencia en el neolitic
antic (Palomo et al. 2018). La cova del Vidre, a més altitud, també registra pi roig, pero
els elements caducifolis i el teix sén més significatius, probablement perqué presenta una
localitzacié més meridional (Alcolea et al. en premsa).

Durant el neolitic antic es van formar grans extensions de boscos caducifolis
a les arees muntanyoses, afavorides per les precipitacions i I'ambient humit. Els boscos,
principalment de rouredes caducifolies, es complementaven amb diferents composicions
floristiques, en qué certs elements caracteritzaven una ecologia particular dependent de
la situacié biogeografica, ja que els diferents sistemes de relleu condicionen la latitud,
I'altitud i 'exposicid a la irradiacio solar (obaga i solell). A les zones litorals d’altituds més
baixes no apareixen, o si ho fan és molt puntualment, els taxons submediterranis com
el boix, el teix i els aurons i les blades, que tenen més preséncia a les muntanyes del
Prelitoral i al nord-est.

8. Conclusions

La instal-lacié de les primeres comunitats neolitiques a Catalunya es va pro-
duir en configuracions diferents del paisatge vegetal. Al nord-est i al centre de Catalunya,
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amb un clima submediterrani més humit i amb unes precipitacions més estables al llarg
de I'any van predominar els boscos caducifolis, les rouredes, . A les zones de muntanya,
sobretot a I'alta muntanya (Pirineus), van dominar les pinedes. Es documenten boscos
mixtos de caducifolis i esclerdfil-les al litoral de Barcelona, amb un equilibri entre I'alzinar i la
roureda. Finalment, el paisatge va estar dominat per esclerdfil-les i pins al sud del Liobregat,
a la costa de Tarragona. D’aquesta manera s’observa un gradient nord-sud en I'expansio
de la vegetacié de caracter mediterrani, com en I'actualitat, amb una resiliencia de les
rouredes fins a I’holocé recent només a les comarques de Girona.

Des de l'arribada de les primeres societats neolitiques, fa uns 7.600-7.300
anys, es documenten en alguns registres pol-linics episodis de desforestacio, de vegades,
acompanyats de I'expansié de graminies i d’herbacies ruderals, i en alguns casos, amb la
presencia de pol-len de cereal. No obstant aix0, la Cerealia-t era forga feble i practicament
absent durant el nealitic antic cardial (7,6-7,0 ka cal BP), i Unicament era present als planells
de Perafita, al riu dels Orris i al Besos. La practica d’una agricultura intensiva en petites par-
cel-les de terreny explica I'impacte limitat d’aquesta activitat. L’ obertura d’aquests espais
d’Us agropecuari es va poder fer, en algunes regions, amb I’Us del foc. En jaciments litorals,
aquests impactes humans es van alternar amb fases de regeneraci6 forestal. Pel que fa a
la ramaderia, es documenta un impacte en zones d’alta muntanya ja des del nealitic antic;
d’aquesta manera, la freqUéncia i la intensitat de les transformacions humanes de I'espai van
augmentar en els periodes recents del neolitic, en un procés de construccié dels paisatges
agropecuaris a la plana i eminentment ramaders a la muntanya. D’altra banda, I'impacte
ecologic de les primeres comunitats neolitiques es limita a les practiques agroramaderes.
En alguns casos, I'establiment en poblats permanents i la consegient explotacio intensiva
i reiterada dels boscos per proveir-se de fusta per a la construccio i per utilitzar-la com a
combustible van suposar la transformacié del paisatge amb processos de desforestacio
significatius.
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Abstract

From paleoenvironmental and archaeobotanical studies, this paper provides an overview on palaeo-
environmental research into the Neolithic in Catalonia. It also offers climatological contextualisation
and assesses the environmental impact of the economic activities of the firsts farmers and herders. It
provides both palynological data on sedimentary sequences in lakes, ponds or bogs and palynological
and anthracological data on Neolithic archaeology sites that cover the period studied.

Keywords
Landscape, Paleoenvironment, Forest resources, Neolithic, Catalonia

Sommaire

Basé sur des études paléoenvironnementales et archéobotaniques, cet article présente I'état de I'art
de la recherche paléoenvironnementale au Néolithique de Catalogne. En outre, il fournit un contexte
climatique et évalue I'impact que les activiteés économiques des premieres sociétés d’agriculture et
d’élevage ont eu sur le paysage. D’une part, les données palynologiques des séquences sedimen-
taires en lacs, étangs ou tourbiéres qui couvrent cette période d’étude sont présentées; d’autre part,
les donneées palynologiques et anthracologiques des sites archéologiques néolithiques.

Molts clés
Paysage, paléoenvironment, ressources forestieres, Néolithique, Catalogne
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1. Introduction

This article is a synthesis of palaeoenvironmental and archaeobotanical stud-
ies of the Neolithic period in Catalonia. It provides both palynological data on sedimentary
sequences in lakes, ponds or bogs and palynological and anthracological data on Neolithic
archaeology sites that cover the period studied. This article is an overview on palaeoenviron-
mental research into the Neolithic in Catalonia; it also offers climatological contextualisation
and assesses the environmental impact of the economic activities of the firsts farmers and
herders.

2. The climate context of neolithisation

Despite the fact that from the climate standpoint, the Holocene is considered
a relatively stable period compared to the Pleistocene, there have been several tempera-
ture and precipitation oscillations in the last 11,700 years. The Holocene can be divided
into three periods: early (11.7-8.2 ka cal BP), middle (8.2-4.2 ka cal BP) and late (4.2 ka
cal BP - present). The middle Holocene is the period of the Neolithic and is defined as the
transition between the early Holocene, when natural processes dominated, and the late
Holocene, when human activities do (Roberts et al. 2011).

The middle Holocene is the geological and climatic setting of the Neolithic
on the Iberian Peninsula, characterised by a temperate climate that is more humid than
it is today, with higher rates of precipitation on the Iberian Peninsula (llvonen et al. 2019),
stabler precipitation over the year and less marked seasonality (Pla, Catalan 2005). During
this period, there were several episodes of cooling and drops in precipitation, such as those
found in from 7.4 ka cal BP in both global (GISP2, Bond et al. 1997, 2001) and regional
palaeoclimatic records, in the Alboran Sea (Cacho et al. 2001), on Menorca between 7.4 and
6.9 ka cal BP (Frigola et al. 2007) and between 7.5 and 7.0 ka cal BP in lacustrine deposits
on the Iberian Peninsula (Vegas et al. 2009; Pérez-Sanz et al. 2013). This evidence has
been defined as a climate anomaly occurring on a global scale between 7.5 and 7.0 ka cal
BP (Hou et al. 2019), which means that the neolithisation of the northeast lberian Peninsula
took place in a context of cooling and lower precipitation, and that the climate conditions
did not change and become stabler again until the early epi-post-Cardial Neolithic.

A global tendency towards cooler conditions got underway in the early sixth
millennium cal BP, dovetailing with the start of the middle Neolithic, parallel to a process of
aridification of the western Mediterranean (Jalut et al. 2009). From then on, some palaeo-
climatic records show changes in the seasonality of precipitation, with a more pronounced
summer drought in the Mediterranean region (Morelldn et al. 2009; Pérez-Obiol et al. 2011;
Magny et al. 2012). This increasing aridification and the establishment of seasonality with the
marked summer drought consolidated after the cooling and aridity episode which occurred
4.2 ka cal BP (Bond et al. 2001; Roberts et al. 2011; Bini et al. 2019; Di Rita, Magri 2019),
simultaneous with the late Neolithic, which gave way to the recent Holocene.

In short, the cause of the climate changes during the middle Holocene is still
up for debate, with interpretations that attach more importance to climate variability versus
those that highlight the human impact. In any event, there are multiple causes behind the
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climate changes in this period, and the middle Holocene is thus a key period in analysing
the interactions between humans and the environment and trying to reveal the cause of the
environmental changes and landscape transformation processes.

3. State of archaeo-ecological research

This article is based on a compilation of the archaeological sites and natural
sequences published with palaeoenvironmental data for the Neolithic period. First, we have
chosen the sequences that provide data on all or part of the Neolithic period and that en-
compass the timeframe from 8.2 to 3.8 ka cal BP in order to have data on the landscapes
prior to the arrival of the first Neolithic communities in Catalonia. Secondly, archaeological
sites provide palynological data that enables us to ascertain what the landscape near the
settlements was like. Bearing in mind the limits of the timeframe available, in this overview
of pollen sequences we have chosen to consider the entire Neolithic period (early, middle
and late). Regarding anthracology, we present a selection of the carbon data studied in
early Neolithic sites in Catalonia, the most heavily represented period within the Neolithic
in terms of the number of sites and remains studied.

A total of 21 pollen records that cover part of the Neolithic period are available.
Six are located in the Pyrenees, seven in the Girona counties, five on the Barcelona coast
and three on the Tarragona coast (Fig. 1). As we can see in the map (Fig. 1), the palynologi-
cal sequences are concentrated in high-altitude zones and on the coast, with the exception
of Banyoles lake and the palaeolake in Vall d’en Bas (La Garrotxa). This distribution indicates
a gap in palaeoenvironmental data in central Catalonia, the Valles region and the central
depression, zones where anthracology is the only discipline that provides information on
the Neolithic landscape. This gap is due to the lack of sedimentary deposits in these areas,
primarily moist depressions, suitable for conducting pollen studies. Furthermore, among
these 21 sequences, only eight provide continuous data on the entire period. If we focus
on the geochronological control of these sequences, only 10 have at least five datings,
and six come from the Pyrenees. The pollen diagrams we present in this study represent
a selection of the 16 pollen records that offer sufficiently reliable geochronological control
and cover a significant part of the period studied in this article.

In the past 25 years, new palacoenvironmental reconstruction techniques
have been implemented which seek to complement the picture provided by palynology
and have contributed to determining the causality of changes in the Holocene (natural vs.
anthropic). Noteworthy among them are the analysis of non-pollen palynomorphs (NPPs)
and the study of sedimentary charcoal. These new data corroborate the need to update
the synthesis on the Neolithic environmental changes and their causality through interdis-
ciplinary studies.
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Sequence msnm. Location References

PYRENEES

Estanilles 2247 | Lladorre, Lleida Pérez-Obiol et al. 2012

Bassa Nera 1i2 1891 | Naut Aran, Lleida Garcés-Pastor et al. 2017

Bosc dels Estanyons 2180 | Escaldes, Andorra Miras et al. 2007

Planells de Perafita 2240 | Plan. de Perafita, Andorra Miras et al. 2010

Riu dels Orris 2390 | Escaldes, Andorra Ejarque et al. 2010

COMARQUES DE GIRONA

Les Palanques 460 | Vall d’en Bas, Girona Pérez-Obiol 1988

Estany de Banyoles 173 | Banyoles, Girona Pérez Obiol, Julia 1994

SB2 Banyoles 174 | Banyoles, Girona Revelles et al. 2015

Estany Mornau 1 | Cast. d’Empuries, Girona Ejarque et al. 2016

Castelld6 d’Empuries 4 | Cast. d’Empdries, Girona Burjachs et al. 2015; Burjachs 2012a,b

Sobrestany 13 | Torroella de Montgri,Girona Parra et al. 2015

llla d’en Reixac 8,7 | Ullastret, Girona Blech et al. 1998; Burjachs et al. 2000,
2005; Burjachs 2012a

BARCELONA COAST

Besos 7 | Barcelona Riera, Esteban 1994; Riera et al. 2004,
2007

Drassanes 6,5 | Barcelona Riera 1995, 1996; Riera et al. 2004,
2007

Cal Maurici St. Boi de Llobregat, Barcelona | Daura et al. 2016

Mercabarna Barcelona Riera 1994; Riera et al. 2004, 2007

Cubelles Cubelles, Barcelona Riera, Esteban 1994, Riera et al.
2004, 2007

TARRAGONA COAST

Creixell 1 | Creixell, Tarragona Burjachs, Schulte 2003; Burjachs
2012a,c

La Tanca-Salou 1 | Salou, Tarragona Riera et al. 2010

Amposta 8 | Amposta, Tarragona Pérez-Obiol et al. 2011

Fig. 1. Pollen records integrated in this paper.
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Fig. 2. Anthracology (red): 1. Serra del Mas Bonet; 2. La Draga; 3. Cova d’en Pau; 4. Cova 120; 5. Bauma del
Serrat del Pont; 6. Plansallosa; 7. Cova de I'’Avellaner; 8. La Codella; 9. La Dou; 10. Feixa de la Ceba; 11. Camp
del Colomer; 12. Balma Margineda; 13. Cova del Sardo; 14. Bosc del Quer; 15. Cova del Toll; 16. Ca I'Estrada;
17. Cova del Frare; 18. Sant Pau del Camp; 19. Estacio Liceu; 20. Mines de Can Tintorer; 21. Cova de la Guineu;
22. Cinc Ponts; 23. Santa Maria dels Horts; 24. Cami de cal Piques; 25. PujoletMoja; 26. La Serreta; 27. Mas
Pujo; 28. Cova de Can Sadurni; 29. Vilars de Tous; 30. Cova de la Font Major; 31. Coves del Fem; 32. El Cavet;
33. Cova del Vidre; 34. Motll6 de la Torre; 35. Barranc d’en Fabra. Pollen (yellow): A. Estany Mornau; B. Castellé
d’Empuries; C. Sobrestany; D. Lllla d’en Reixac; E. Banyoles (LB) i Banyoles (SB2); F. Les Palanques; G. Riu dels
Orris; H. Planells de Perafita; |. Estanilles; J. Bassa Nera 1 i Bassa Nera 2; K. Besos; L. Drassanes; M. Mercabarna;
N. Cal Maurici; O. Cubelles; P. Creixell; Q. La Tanca-Salou; R. Amposta.
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4. The Neolithic landscape according to pollen data

4.1 The Pyrenees

At the start of the early Neolithic, approximately 7.6 ka cal BP, the sequences
in Riu de Orris (abbreviated RDO, Ejarque et al. 2010), Bosc d’Estanyons (BDE, Miras et al.
2007) and Planells de Perafita (PDP, Miras et al. 2010) reveal that the Madriu-Perafita-Cla-
ror valley (Andorra) was a forested space (Fig. 3). The upper part of the mountains was
dominated by pine (Pinus) forests, and alpine meadows were virtually non-existent. On the
lower parts of the subalpine area and moister and north-facing shady slopes, pine trees
were intermingled with stands of birch (Betula) and fir (Abies) trees. On lower levels, where
there was a mixed deciduous forest primarily comprised of oaks (Quercus deciduous), with
numerous hazelnut (Corylus avellana) and other deciduous taxa, a montane ecosystem
predominated. Within this context, the first evidence of the pastoral use of high-altitude
spaces is documented in the early Neolithic. Between 7.6 and 6.3 ka cal BP, moderate,
occasional local openings in the pine forest can be seen in all the sequences, accompanied
by the spread of herbaceous taxa and an increase in nitrophilous and ruderal taxa. The
presence and/or increase in spores of coprophilous fungi indicate pastoralism in these

Fig. 3. Pollen diagram sequences of the Pyrenees. Silhouettes exaggeration of white values (x2), gray (x5), color
(x10).
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forest openings. Thus, in RDO (2,390 m), we find three successive opening phases in
the pine forest in this period lasting between 90 and 170 years each, interspersed with
periods of forest recovery. In BDE (2,180 m), between 7.0 and 6.3 ka cal BP, dovetailing
with a forest recovery phase in the RDO sector, we have documented a forest opening
accompanied by an increase in herbaceous, nitrophilous and ruderal taxa, as well as
coprophilous fungi. Therefore, these data suggest early exploitation of the high-altitude
areas of the valley by Neolithic communities after 7.6 ka cal BP. On the other hand, the
retractions in the deciduous forest and birch stands after 7.9-7.8 ka cal BP and throughout
the entire early Neolithic, and the record of Cerealia-t after approximately 7.5 ka cal BP
can be related to the use of the lower part of the mountain for farming and pastoralism.

In the middle Neolithic, between 6.3 and 5.5 ka cal BP, human activity fo-
cused on specific sectors of the valley, which led to larger forest openings that were more
stable over time. In RDO, continuous pastoralism gave rise to an open pine forest after
6.3 ka cal BP, which was permanently replaced by herbaceous stands in approximately
5.5 ka cal BP. In PDP, the local pastoralism between 5.5 and 5.0 ka cal BP caused more
deforestation, which was accompanied by the expansion of alpine pastures and an increase
in nitrophilous and ruderal taxa, as well as coprophilous fungi. On the lower part of the
mountain, between 6.5 and 4.9 ka cal BP, there was a decrease in the mixed deciduous
forest, as well as more regular records of Cerealia-t, which may indicate more farming in the
lower sectors. The late Neolithic marked a turning point in the evolution of the landscape
and livestock husbandry in the valley. Between 4.8 and 3.6 ka cal BP, the sequence in
Forcat lake (2,531 m) reveals how the pine trees on the uppermost parts of the valley were
being permanently replaced by alpine pastures, which dominated this area throughout the
rest of the late Holocene (Ejarque 2013). The increase in nitrophilous and ruderal taxa and
the presence of coprophilous fungi indicate pastoralism in the zone. We also find moderate
deforestation in the subalpine zones accompanied by livestock husbandry in BDE. It is
interesting to note that for the first time in the valley, this deforestation was favoured by the
use of fire, as indicated by the increase in macro charcoals.

The sequences in Bassa Nera 1 and Nera 2 show a dense forest landscape
with a predominance of pine, although deciduous forests (Corylus and deciduous Quercus)
also expanded in the periods with the heaviest oceanic influence, the most noteworthy of
which occurred during the early Neolithic at Bassa Nera 2 (7.2-6.2 ka cal BP, Fig. 3). We find
a similar evolution in the sequence in Estanilles, with a predominance of pine and maximum
values of deciduous Corylus and Quercus during the early Neolithic, which reveal a moister
climate. Fir trees play a prominent role in conifer forests, with maximum values in Estanilles
during 7.2-6.2 ka cal BP, and in Bassa Nera after 5 ka cal BP, perhaps with warmer and
rainier summers as a result of climate changes. The increase in ruderal herbaceous taxa and
episodes of fire between 7.3 and 5.8 ka cal BP is associated with the impact of livestock
on high-altitude spaces (Garcés-Pastor et al. 2017). This evidence dovetails with the data
from Estanilles, where the percentage of pine trees dropped steadily during the Neolithic,
while the gramineous taxa (Poaceae) and ruderal herbaceous taxa expanded (Pérez-Obiol
et al. 2012; Cunill et al. 2013). Furthermore, in this case, the presence of coprophilous
fungi in approximately 5.6 and 5.2 ka cal BP (Fig. 3) reveals livestock husbandry; in con-
trast, throughout the entire Neolithic there was no presence of Cerealia-t, which suggests
that agriculture was less prominent around the basin. Sedimentary carbon show more fire
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activity after 5.7 ka cal BP in Bassa Nera 1 and after 4.5 ka cal BP in Estanilles, probably
to foster high-altitude livestock husbandry. In Estanilles, pedoanthracology has enabled us
to date a piece of carbon from Cytisus oromediterraneus from between 5.3 and 5.1 ka cal
BP, which has been related to the forest opening (Cunill 2010).

4.2 The Girona counties

The sequences from the Garrotxa - El Pla de I'Estany region show a land-
scape dominated by dense deciduous forests in the early middle Holocene, with a predom-
inance of hazelnut in the sequence in Palanques and oak in Banyoles (Fig. 4). Apparently,
conifer forests were also prominent, primarily pines and firs, ever since they expanded in
around 7.6 ka cal BP. Holm oak forests (sclerophyllous Quercus ilex) seem to have played
a secondary role in this region, which had a temperate sub-Mediterranean climate with high
precipitation. The earliest evidence of the impact of the first agricultural communities has
been detected since the early Neolithic. In Vall d’en Bas, there were episodes of deciduous
forest regression with an expansion of gramineous taxa (Poaceae), with the presence of
Cerealia-t in some cases (6.8-6.6 and 6.3 ka cal BP). In Banyoles, even though the first evi-
dence of Cerealia-t in lacustrine sediments is not documented until the late Neolithic (5.0-4.2
ka cal BP), the establishment of the communities that inhabited the La Draga settlement led
to a noteworthy disturbance, with significant deforestation of the oak stands. This landscape
transformation can be understood within the context of a sustained impact over time from
the need to supply lumber and firewood for their constructions and everyday activities.

Fig. 4. Pollen diagram sequences of Girona counties and Barcelona — Tarragona coast.
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During the middle and late Neolithic, we can see relative landscape stability,
with periods of deciduous forest regression and the expansion of pines in La Garrotxa
between 5.6 and 4.8 ka cal BP, and a slight expansion of holm oaks in the transition to the
recent Holocene in both counties. In terms of the impact of human activities, the standout
phases are 4.4-4.2 ka cal BP in Palanques, with the presence of Cerealia-t and the expan-
sion of ruderal herbaceous taxa; 5.8-5.6 ka cal BP in SB2 Banyoles, with evidence of fires
and high rates of coprophilous fungi; and 5.0-4.2 ka cal BP in SB2 Banyoles as well, with
evidence of Cerealia-t, fire, coprophilous fungi and ruderal expansion (Fig. 4).

In the sequences in the Emporda we find some differences, primarily associat-
ed with its proximity to the coast. First, even though all the sequences show stability in tree
pollen (TP) throughout the entire Nealithic, the coastal sequences show a more noticeable
opening of the landscape, especially towards the end of the period, with much higher values
of maquis shrubland and herbaceous taxa locally on the coast. The sequences from So-
brestany (Fig. 4) show a landscape dominated by deciduous forests, primarily oak trees. In
contrast, after the middle Neolithic (6.0-5.2 ka cal BP), mixed Mediterranean forests of oak
and holm oak developed, unlike in the inland counties, and pine trees played a secondary
role. We can see this phenomenon in Sobrestany after 5.4 ka cal BP; in Lilla d’en Reixac
since the beginning of the sequence (ca. 6.0 ka cal BP); in the sequences from Mornau lake
after 5.1 ka cal BP; and in Castell6 d’Empuries. The sequence from Sobrestany detects
the first evidence of the impact of the anthropic Neolithic in 6.7-6.6 ka cal BP, with peaks
of Poaceae, the presence of Cerealia-t and the regression of oak, as well as in 6.4-6.3 ka
cal BP, with a slight increase in Poaceae, the presence of plantago (Plantago sp.) and high
values of Cerealia-t. Later, phases with an anthropic impact have also been detected in the
middle and late Neolithic, such as in Lilla d’en Reixac, where the continued presence of
Cerealia-t is documented throughout this period, which corroborates a rather permanent
presence of Neolithic communities in the territory.

In short, we see that holm oak forests are more important on the coast than
in the inland regions with a clearly sub-Mediterranean climate. We should also highlight
the secondary role of Mediterranean pine on the coast, whereas the high rates of Pinus
in the deposit in Les Palanques (La Garrotxa) reflect mountain pines in coniferous forests in
mid-mountain areas. Furthermore, even though there is evidence of some episodes of
deforestation of deciduous forests, the forest cover was dense, almost always over 80%
of AP inland and slightly under that on the coast.

4.3 The coast of Barcelona and Tarragona

On the plain of Barcelona, the Besos diagram (Fig. 4) shows that throughout
the Neoalithic the northern sector of the plain was largely occupied by forests, primarily com-
prised of sub-Mediterranean taxa, with a dominance of cak and hazelnut trees and a limited
presence of coastal pine groves. During the early Neolithic, the deciduous forest stands
spread throughout the central sector of the Barcelona plain as far as the Llobregat River, as
shown by the dominant values of oak and hazelnut trees in the sequences from Drassanes
and Cal Maurici. At the far south of the Barcelona plain, the Mercabarna diagram (Llobregat
River delta) reveals that the meso-Mediterranean evergreen taxa occupied broad swaths
of land, and prior to 6.0 ka cal BP, oaks and holm oaks had probably been part of mixed
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forests. Meso-Mediterranean forests, comprised of evergreen oak (Quercus ilex-coccifera),
mastic trees (Pistacia lentiscus) and wild olive trees (Olea europaea var. sylvestris), and pine
forests, probably with Aleppo pine (Pinus sp., P halepensis cf.), were found throughout the
entire Barcelona plain, although they occupied more extensive areas in the southern part
of the plain near the Llobregat River. In the sector by the Llobregat River, after 5.0 ka cal
BP, deciduous forests retracted in favour of meso- or thermo-Mediterranean vegetation,
which became dominant and was comprised of evergreen oaks, pine, maquis shrubland
and boxwood (Buxus sempervirens), as shown by the sequences from Cal Maurici and
Mercabarna.

The first evidence of an anthropic impact in the central-north sector of the
Barcelona plain is documented during the early Neolithic, between 7.3 and 6.9 ka cal BP,
when there was a forest opening along the Besos River associated with an increase of
fire, which seemed to have favoured the formation of shrubland with Cistus, Rosmarinus
and Ericaceae. During this episode, there is evidence of farming activities from the increase
in Cerealia-t and ruderal taxa. Fire levels in the old Neolithic have also been documented in
the Drassanes and Mercabarna diagrams, and they fostered the expansion of heath (Erica
sp.) as the groundcover.

To the north of Barcelona (Besos River), there was a new forest opening
phase during the middle Neolithic, with agro-pastoral activity that led to new fires that fos-
tered the expansion of deciduous, shrub and herbaceous taxa. The Besos and Cal Maurici
diagrams show a new phase of forest opening and agro-pastoral activity, with the presence
of grains at the beginning of the late Neolithic (5.2 ka cal BP). In Cal Maurici, this human
impact dovetailed with the replacement of oak forests with holm oak and pine stands.
The vegetation in the south of the Garraf massif has two features that distinguish it from
the vegetation on the Barcelona plain: the predominance of mesothermophile deciduous
communities (holm oaks and maquis shrubland) and pine forests, and the fact that the
composition of the forest stands was more stable.

After 7.5 ka cal BP, the coastal area in Penedes and the Tarragona plain
(Cubelles, Creixell and La Tanca - Salou sequences) show a landscape dominated by holm
oaks and pine trees, where mesophilic deciduous communities were present yet played a
secondary role. Between 7.0 and 4.5-4.0 ka cal BP, maquis shrubland made up of mastic
trees, heath and wild olive trees played a prominent role in the plant landscape in these
southern sectors of the central coastling, especially around the Garraf massif, where they
achieved rates of up to 20% (Fig. 4). However, there were also deciduous taxa on these
coastal plains like oaks, hazelnuts and, more occasionally, beech trees (Fagus sp.) located
in shady areas in the coastal mountains, perhaps on the northern slopes and in the hollows.
The presence of these mesophilic taxa gradually shrunk between the Garraf massif and
the Tarragona plain.

One noteworthy fact is that the forest cover descended southward towards
the coastal area in Penedés and Tarragona. Thus, the AP rates surpass 80% in Cubelles and
50% in Creixell. This drop in AP rates is primarily due to the fact that there were fewer pine
stands to the south. On the south of the Garraf massif, at the time of human impact during
the early Neolithic, between 6.3 and 6.0 ka cal BPF, the Creixell sequence shows an initial
brief episode characterised by a slight forest opening which primarily affected holm oaks,
with evidence of agriculture and pastoral activities provided by the presence of Cerealia-t
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and ruderal taxa. In Cubelles and Creixell, there was a new deforestation episode during
the middle Neolithic, in 5.9-5.7 and 5.7-5.1 ka cal BP, respectively. During this phase, fire
primarily affected the holm oaks trees and fostered the spread of maquis shrubland and
heath. The presence of Cerealia-t and ruderal taxa indicates that there were agricultural
and pastoral activities on the coastal planes. Both sequences reveal a late anthropic impact
on the coastline during the late Neolithic (5.2-4.6 ka cal BP) characterised by deeper de-
forestation in Cubelles, with evidence of agriculture and a notable use of fire that favoured
the spread of heath.

The delta of the Ebro River was primarily occupied by pines, and holm oaks
were less common prior to 8.3 ka cal BP, as shown in the Amposta sequence. After that,
holm oak, oak, hazelnut and maquis shrubland communities expanded. The holm oaks
began to grow in 6.8 ka cal BP, while pine groves steadily shrank. Sub-Mediterranean taxa
such as oaks and hazelnuts gradually shrank and disappeared between 5.3 and 4.7 ka cal
BP, and holm oaks became the dominant community in the late Neolithic. The first evidence
of deforestation in Terres de I’'Ebre dates from the early Neolithic. The first episode, dated
from approximately 7.6 Ka cal BP, is associated with fires and taxa that indicate soil distur-
bance, although there is no evidence of Cerealia-t pollen. The fires led to a new opening in
the pine and holm oak groves between 7.0 and 6.8 ka cal BP, a time when the identifica-
tion of Cerealia-t pollen indicates the presence of agricultural activities. The deforestation
episodes in the middle Neolithic (6.0-5.5 ka cal BP) and the late Neolithic (4.6-4.2 ka cal
BP) are associated with forest openings, primarily a reduction in pine groves, and with the
presence of Cerealia-t.

5. Palaeoenvironmental reconstruction based on the archaeological
record: Archaeopalynology

In the section above we have surveyed the history of vegetation in Catalonia
during the Neolithic through the pollen records in natural sequences (lakes, ponds, lagoons,
bogs). This type of record is suitable for reconstructing plant dynamics on a regional scale.
On the other hand, the pollen record of an archaeological site provides complementary
data that enable us to reconstruct the local landscape, that is, the environs around the
settlements. The archaeopalynological record is heavily affected by the human activities
inside the settlements (use of plants) and their nearby environs, so arboreal rates tend to be
lower and herbaceous taxa tend to be overrepresented. In contrast, despite this anthropic
bias, archaeopalynology provides reliable data that enables us to reconstruct the landscape
during the different occupations of a site.

The application of palynological analysis provides answers to both palaeoen-
vironmental and archaeological questions, as shown by some of the examples of studies
conducted at Catalan Neolithic sites. The study conducted at the Balma del Serrat del
Pont site (Burjachs 1997, 2002, 2012d) enabled the local landscape in Llierca valley (La
Garrotxa) to be reconstructed from the Mesolithic until the Iberian period, between 9.3
and 2.5 ka cal BP (Fig. 5). The archaeopalynological study at this site reveals the dif-
ferences in the local landscape in Llierca valley compared to neighbouring areas, such
as Vall d’en Bas and Banyoles. In this case, we can see how there were mixed Medi

Cypsela 22 (231-258) 241



RAQUEL PIQUE, JORDI REVELLES, SANTIAGO RIERA, MARTA ALCOLEA, ETHEL ALLUE, ANA EJARQUE,
FRANCESC BURJACHS, SANDRA GARCES-PASTOR, BARBARA MAS, YANNICK MIRAS, LAURA OBEA,
ALBERT PELACHS, RAMON PEREZ-OBIOL, TERESA VEGAS-VILARRUBIA

Fig. 5. Pollen diagram of Bauma del Serrat del Pont and La Draga (works synthesis by Revelles et al. 2016, 2017).

terranean forests in Llierca valley dominated by holm oak groves since prior to the Neolith-
ic, a phenomenon which can be explained by its calcareous rocky substrate. Furthermore,
large concentrations of Cerealia-t are documented, which reveals significant agricultural
activity since the early Neolithic. The sporadic presence of grain pollen at the Mesolithic
levels in Balma del Serrat del Pont should be understood within the context of the erosion
processes which these levels seem to have underwent because of the structure of the
space (hearths, basins, etc.) due to subsequent Neolithic occupations.

Another archaeopalynological case study was conducted in La Draga (7.3-6.7
ka cal BP), where palynology has helped us understand the processes whereby the site
was formed (Revelles et al. 2016) and to spatially evaluate the environmental conditions
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and identify the uses of the space (Revelles et al. 2017). What is more, the study of ar-
chaeological samples enables us to evaluate the differences between the anthropic impact
detected in a nearby natural deposit (SB2 Banyoles) and the evidence of agricultural and
livestock husbandry activities detected at the site. Thus, large concentrations of Cerealia-t
are documented in La Draga, as are the spores of coprophilic fungi (Fig. 5), which shows
the enormous local impact of the Neolithic communities, unlike the limited regional impact
of the agricultural activities. Thus, the high concentration of Cerealia-t pollen reflects grain
storage in the settlement and the presence of high concentrations of coprophilic fungi, as
well as the fact that the herds of domesticated animals probably entered and were likely
stabled in the settlement.

Other palynological studies have been conducted at Neolithic sites, such as
Cova 120 (Agusti et al. 1987), Coves del Fem (Palomo et al. 2018) and El Cavet (Yl et al.
(2009), which have provided interesting data on the local landscape. In contrast, in other
cases, such as Dou (Expésito, Burjachs 2007), Feixa de la Ceba (Revelles, Burjachs 2013),
Can Sadurni (Antolin et al. 2013) and La Prunera (Expésito, Burjachs 2004), the analyses
have not enabled us to reconstruct the landscape because of the poverty of the pollen con-
tent of the samples. Even though in some sites, particularly open air ones, the taphonomic
processes have prevented sporopollinic materials from being conserved, there are more
sites where the results have been positive and contributed significant data on the landscape
and the palaeoenvironmental conditions, as well as archaeological information (use of the
space, economic activities, etc.). The proportion of Neolithic sites where anthracological
and palynological analyses have been conducted shows a tendency in archaeological re-
search in Catalonia which should be remedied with the systematic application of sampling
by palynological analyses at archaeological excavations.

6. Anthracology in Catalonia

Anthracology has a longstanding tradition in Catalonia. The first studies were
particularly associated with Palaeclithic contexts (Ros 1985). However, the continuous se-
quences from recent prehistory have yielded diachronic data since the earliest studies (Ros
1995, 1996; Ros, Vernet 1987). There are currently different syntheses and studies (Alcolea
2018; Allué 2002; Allué et al. 2007, 2009, 2013; Caruso-Fermé, Piqué 2014; Garcia-Ar-
guelles et al. 2005; Petit 1998; Piqué, Barceld 2002; Pigué 1998, 2002, 2005; Piqué et al.
2018a, 2018b).

Anthracological studies have shed light on the evolution or transformation of
the plant landscape and enabled us to evaluate past human behaviour towards forests. The
study of the use of wooden resources for fuel and other purposes enables us to analyse
how human groups accessed and exploited firewood and forests. The anthracological
sequences from the early Neolithic include open air sites, caves and shelters. The largest
concentration is found in the mountainous areas in the Girona counties and along the pre-
coastal mountains, the coastal mountains and the coastline. There are also some sequences
for the Pre-Pyrenees and Pyrenees (Obea et al. 2011). In contrast, the inland regions of the
Lleida counties have more recent chronological sequences (Allué et al. 2009, 2017; Vila,
Pigué 2012). Pedoanthracology is still in its early stages in Catalonia, but it is showing an
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enormous potential to explain the open spaces and altitudinal limits of the forest as well as
changes in forest stands (Pardo 2020).

The different synthesis studies reveal that the plant distribution is related to
these large biogeographic axes. Furthermore, a substantial difference has been identified
between the zones in valley bottoms, like the coastal zone south of the Llobregat, and
the zone north of the Llobregat, as well as the location of sites at higher altitudes (Allué et
al. 2009, 2017; Ros 1996). The quantitative data available to us have differing degrees of
reliability, especially according to the number of remains studied at each site.

7. The use of firewood resources

7.1 Pyrenees and Pre-Pyrenees

There are still very few anthracological studies at sites located at middle and
high altitudes in the Pyrenees counties, which means that forest resource use strategies
are still largely unknown. In the valleys of Andorra, the studies conducted in Balma Mar-
gineda (Heinz 1990), with three levels of the early Cardial Neolithic that have been dated
between 7.75 and 7.3 ka cal BP and 7.8-7.25 ka cal BP, and in Camp del Colomer, with
an early Neolithic occupation dated between 6.45 and 5.9 ka cal BP (Piqué et al. 2015),
are representative of the way firewood were used among the first agricultural and livestock
groups (Fig. 6). The two sites, located in the Valira River valley, are close to each other,
between an altitude of 970 m in Balma Margineda and 1,200 m in Camp del Colomer.
These sites show a preferential use of Scots-black pine (Pinus t. sylvestris-nigra), hazel-
nut (Corylus avellana) and oak (Quercus sp. deciduous), and these taxa are found at all
the sites studied (Fig. 6). Despite this, there are differences between the two sites which
may reflect the fact that the different kinds of wood have specific uses or that some of
them are more available near the sites. Thus, even though conifers are dominant at both
sites, always with rates of between 60% and 90% of the remains, in Balma Margineda the
presence of Juniperus stands out, while in Camp del Colomer yew (Taxus baccata) and
oaks are particularly prominent. Both sites studied have similarities in terms of the type
of landscape exploited, where pine and oak forests were apparently widespread. Maples
(Acer sp.), boxwood (Buxus sempervirens) and Rosaceae also grew in these forests, along
with hazelnuts, ashes (Fraxinus sp.), elms (Uimus sp.) and poplars (Populus sp.), which
probably appeared near watercourses. However, the differences in altitude and orienta-
tion, the chronology and the function of the settlements may have conditioned the way
resources were used, and the most noteworthy difference is that yews are more plentiful
at the Camp del Colomer site.
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Fig. 6. Anthracological diagram of sites from Pyrenees, Pre-Pyrenees and Pyrenees and Girona lands.

The sites located in the Aiglestortes and Estany de Sant Maurici National
Park (PNAESM) have also provided important data on the use of firewood (Obea et al.
2011, 2020). Cova del Sardo, located at an altitude of 1,790 m above sea level with levels
dated at between ca. 7.45 and 5.45 ka cal BP, also shows a clear predominance of Pinus t.
sylvestris-nigra at all levels, accompanied by juniper (Juniperus sp.), as well as the recurring
presence of oaks, willows and poplars (Salicaceae) and ash trees (Fig. 6). Other taxa that
recur in the record but in lower quantities are fir, hazelnut and birch trees. The presence of
these taxa may be related to changes in the landscape, as with the fir trees, as well as to
changes in the type of occupation of the settlement. In this sense, what stands out is the
presence of hazelnuts only at levels identified as stable occupations (phases 8 and 6), unlike
birch trees, which appear at levels comprised of brief yet repeated occupations (phases 7
and 5), where we also find a more noticeable consumption of juniper (Obea et al. 2020).

Settlements situated above 2,000 m above sea level did not seem to be
widely occupied until 5.3 ka cal BP (Gassiot 2016), even though in some cases levels from
the seventh millennium cal BP have been documented, such as in Abric de les Obagues
de Ratera (PNAESM) (Gassiot et al. 2020) and the outdoor hut in Pleta de les Bacives
in Madriu valley in Andorra (Euba 2009). In both cases, the dominant taxon is Pinus t.
sylvestris-nigra, perhaps corresponding to black pine, bearing in mind the altitude of the
settlements and the evidence of tension in growth. While only a fragment of Ericaceae
has been found in Obagues de Ratera, fragments of monocotyledons (Euba 2009) have
also been found in Pleta de les Bacives.

Generally speaking, despite the predominance of conifer forest exploitation,
deciduous forests are also amply represented, which indicates that they were well en-
trenched in the catchment areas of the settlements located between 970 and 1,790 m
above sea level, and that these areas were related to other socioeconomic activities carried
out by the groups that occupied them. One exception to the exploitation of taxa near the
settlements is oak trees after phase 7 in Cova del Sardo, a time in which an expansion and
consolidation of conifers is documented, at the expense of the deciduous trees at around
1,750 m above sea level. What stands out in conifers is the recurring use of juniper as fuel.
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We should also note the occasional presence of fir trees in the valleys of both Andorra and
Boi.

7.2 Girona counties and Central Catalonia

Different sites in the Girona counties have provided anthracological records
dating from the early Neolithic. The sites are located between 75 and 510 m above sea level
in the counties of La Garrotxa, Pla de I'Estany and the Emporda: Balma del Serrat del Pont
(Pigué 2002), La Draga (Caruso-Fermé, Piqué 2014), Cova 120 (Ros 1985), Plansallosa
(Ros 1995), Cova de I'Avellaner (Ros 1996), Dou (Piqué et al. 2018a), Codella (Piqué et al.
2018a), Cova d’en Pau lll (Ros 1996) and Serra del Mas Bonet (Fig. 6). Only one site, Feixa
de la Ceba (Piqué et al. 2018a), is located in Ripolles county at 950 m above sea level.

Fig. 7. Anthracological diagram of sites of Central Catalonia, coastal and precoastal mountains.

During the early Neolithic, there was a clear dominance of deciduous forest
species. Oak trees dominate in the open air sites of La Draga and Plansallosa, as well as in
Cova d’en Pau lll, where they account for almost 80% of all the remains examined. At other
sites, like Balma del Serrat del Pont 1.4, Cova de I’Avellaner, Codella, Feixa de la Ceba and
Dou, both oak and boxwood are represented (Fig. 6). Boxwood is a pioneering bush that
colonises degraded spaces in oak groves and is especially prominent in sites dated after
7.0 ka cal BP, most likely as a result of the gradual anthropisation of the landscapes (Piqué
et al. 2018b). The sites which depart from this dynamic are Serra del Mas Bonet, the only
one located in the Emporda, where holm oaks and wild olives are more commmon, and Cova
120 1ll, where conifers (Abies alba, Pinus t. sylvestris-nigra, Juniperus sp.) and bushes are
more representative. Furthermore, in these counties, species like bay laurel (Laurus nobilis)
and yew, in addition to the aforementioned boxwood, are repeatedly identified, which could
indicate a much greater presence in the landscape than what we can infer from the pollen
records, where these taxa are virtually invisible. Finally, we cannot fail to mention that Mediter-
ranean taxa like evergreen oak (Quercus ilex-coccifera) and Ericaceae are only quite margin-
ally present in the sites from this period, which could mean that these taxa were not plentiful
in these environs. Thus, local availability may have conditioned the use of these species.
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The Central Catalonia counties have virtually no palynological records, and
therefore the anthracological records of these sites are the only evidence of what the
Neolithic landscapes were like. Only Coves del Toll del Bages (Allué et al. 2009, 2013;
Mas, Allué 2020) have yielded an anthracological record from the Neolithic. Boxwood and
oak (Fig. 7) figure prominently at this site. The intensification of human activity, the drop in
precipitation and increasing aridity throughout the Neolithic fostered the development of
boxwood groves, with a substantial decrease in oak tree stands (Allué et al. 2009; Burjachs,
Riera 1996; Piqué et al. 2018b).

7.3 Coast and coastal and precoastal ranges

The coastal mountains are comprised of two rows of mountains running par-
allel to the coast, the Coastal Ranges and the Precoastal Ranges, which are separated
by the Precoastal Depression. The Coastal Ranges extend between the Lower Ter River and
the Baix Penedes region and have a mean altitude of between 300 and 600 m above sea
level. The Precoastal Ranges are longer and higher, between 800 and 1,700 m above
sea level, and they extend from the Ter River basin to the Ebro River delta.

In Valles county, Cova del Frare (Ros, Vernet 1987), located at 960 m above
sea level, shows a predominance of oak and other deciduous trees, such as maple, but
there is also a notable presence of yew (Fig. 7). In contrast, on the coastal sites of Sant Pau
del Camp (Mensua, Piqué 2008) and Carrer del Liceu in Barcelona (Bordas et al. 2013),
oaks are the most plentiful taxa, but mastic trees (Pistacia lentiscus), Rhamnus/Phillyrea,
strawberry trees (Arbutus unedo) and heath (Erica sp.) have also been found. Also worth
note is the presence of Aleppo pine (Pinus halepensis) at different sites, although it is the
most prominent in sites like Vilars de Tous (Clop et al. 2005).

In the Coastal Mountains, where Cova de Can Sadurni and Cova Bonica
are located (Fig. 7), the records show stands made up of typically Mediterranean and
xerophile species of holm oak forests with a mix of evergreen oaks, oaks and different
shrub species (heath, buckthorn and strawberry trees, among others). In Cova Bonica, it
is important to highlight the significant presence of Aleppo pine, which may be related to
natural or anthropic fires and the opening of clearings in the landscape as a consequence
of the intensification of human activity (Allué et al. 2017; Burjachs, Riera 1996). Likewise,
in Can Sadurni, along with oak trees, wild olive, mastic trees and other shrubs have been
identified, which indicate the presence of open forests (Antolin et al. 2013). In fact, during
the early Neolithic, forests were apparently affected by the intensification of human activ-
ity, which allowed shrub stands to form (Allué et al. 2009, 2017; Antolin et al. 2013). The
thermo-Mediterranean elements of maquis shrubland, such as mastic and wild olive trees,
are only significant in sites located directly on the coast south of the Llobregat River, such
as Mines de Can Tintorer (Ros 1996) and Barranc d’en Fabra (Ros a Bosch et al. 1996).
In the case of mines 68 and 70 in Can Tintorer, where a preferential use of wild olive has
been documented, this may be related to the funerary use of the galleries. These formations
extended to the inland plains of Penedés. In this part of the territory, wild olive and mastic
tree shrublands are significant, yet we also find elements of holm oak and Aleppo pine (Allué
2010; Euba 2011a, 2011b, 2011¢).
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The mixed forests with oaks and holm oaks, along with other deciduous trees
(maples, roses), with significant rates of yew, are distributed around the Precoastal Mountains
at a certain altitude, such as in Cova de la Guineu (734 m above sea level). These deciduous
stands reach as far as Terres de I'Ebre, as found in Cova del Vidre (Fig. 8), which is located
at an altitude of more than 1,000 m (Alcolea 2018; Allué et al. 2009). In more recent periods,
there are more sclerophyllous species in these counties, and yew gradually decreases until
it disappears (Allué et al. 2009; Uzquiano et al. 2015). Today, there are relicts of yew in the
mountains of Prades and in Montsant, and they extend to some northern territories, where
they were present sporadically or at very low rates in prehistory (Caritat et al. 2004).

Fig. 8. Anthracological diagram of sites from Tarragona lands.

In the mountainous zones of Montsant, we should note the presence of Scots
pine-black pine (Pinus t. sylvestris-nigra), which are unquestionably a relict from the late
glacier period which still survives in the mountains of Prades (Cebria et al. 1981; Ros 1994;
Alcolea 2018). The more southern sites in the Precoastal Ranges, such as Coves del Fem
and Cova de la Font Major, record evidence of oak trees (Alcolea 2018) which occasionally
reach the coast, as shown by the abundant anthracological evidence from Cavet (Fontanals
et al. 2008). In this territory, Coves del Fem is characterised by the presence of deciduous
forest species, but with cryophilic pines, which remain in the majority until late in the early
Neolithic sequence (Palomo et al. 2018). The records from Cova del Vidre, which is at a
higher altitude, also show Scots pine, but the deciduous elements and yew are more prom-
inent, probably because it is located further south (Alcolea et al. in press).

During the early Neolithic, large expanses of deciduous forest were formed
in the mountainous areas, fostered by the precipitation and moist atmosphere. The forests,
primarily deciduous oak stands, were complemented by different flower combinations, in
which certain elements shaped a particular ecology depending on the bio-geographic lo-
cation, as the different landscapes conditioned the latitude, altitude and exposure to solar
radiation (umbria and solana). On the lower-altitude coastal zones, sub-Mediterranean taxa
like boxwood, yew and maples don’t appear, or only do very occasionally, but they are more
common in the mountains in the precoastal area and the northeast.
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8. Conclusions

The arrival of the first Neolithic communities in Catalonia took place within
different plant landscape configurations. In the northeast and centre of Catalonia, decidu-
ous oak forests apparently predominated because there was a moister sub-Mediterranean
climate with stabler precipitation throughout the year. Pine forests predominated in the
mountainous zones, especially at high altitudes (in the Pyrenees). Mixed deciduous and
sclerophyllous forests are documented on the Barcelona coast, with a balance between
holm oaks and oaks. Finally, the landscape was dominated by sclerophyllous forests and
pine trees south of the Llobregat River and on the Tarragona coast. Thus, we can see a
north-south gradient in the expansion of Mediterranean-type vegetation, just like today,
with oak stands only remaining resilient in the Girona counties until the recent Holocene.

Since the arrival of the first Neolithic societies around 7,600-7,300 years
ago, some pollen records show deforestation episodes accompanied by the expansion of
gramineous and ruderal herbaceous species, and in some cases with the presence of grain
pollen. However, Cerealia-t was quite weak and virtually absent during the early Cardial Ne-
olithic (7.6-7.0 ka cal BP) and was only present on the plateaus of Perafita, the Orris River
and the Besds River. The practice of intensive agriculture on small plots of land explains
the limited impact of this activity. In some regions, fire was used to clear these spaces for
crop and livestock farming. In coastal sites, these human impacts alternated with phases of
forest regeneration. With regard to livestock, an impact in high-altitude mountainous zones
is documented since the early Neolithic; thus, the frequency and intensity of the human
transformations of the space increased in recent periods within the Neolithic in a process
of constructing crop-livestock and agricultural landscapes on the plain and primarily live-
stock landscapes in the mountains. On the other hand, the ecological impact of the early
Neolithic communities should not be limited to crop-livestock agricultural practices. In some
cases, the establishment of permanent settlements and the consequent intensive, repeated
exploitation of forests to supply timber for construction and fuel led to the transformation
of the landscape with significant deforestation processes.
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