
Vegetation history, climate and human impact in the Spanish Central
System over the last 9000 years

Q2 José Antonio López-Sáez a,*, Daniel Abel-Schaad a, Sebastián Pérez-Díaz b,
Antonio Blanco-González c, Francisca Alba-Sánchez d, Miriam Dorado a,
Blanca Ruiz-Zapata e, María José Gil-García e, Clemencia Gómez-González e,
Fátima Franco-Múgica f

aArchaeobiology Group, Institute of History, CCHS, CSIC, Albasanz 26-28, 28037 Madrid, Spain
bGEODE, UMR 5602 CNRS, Université Toulouse e Le Mirail, 31058 Toulouse, France
cDepartment of Archaeology, University of Durham, South Road, DH1 3LE Durham, United Kingdom
dDepartment of Botany, University of Granada, 18071 Granada, Spain
eDepartment of Geology, University of Alcalá de Henares, 28871 Alcalá de Henares, Spain
f Terrestrial Ecology Group, Department of Ecology, ‘Autónoma’ University, 28049 Madrid, Spain

a r t i c l e i n f o

Article history:
Available online xxx

a b s t r a c t

In this paper we present a review of the available Holocene pollen records from the Spanish Central
System (113 sites and 150 14C dates). Palynological data obtained from pollen analyses of peat-bogs, lakes
and archaeological sites, as well as radiocarbon dating, were used to infer the human impact on vege-
tation and landscape during the last 9 millennia. The Neolithic contribution to the configuration of
landscape is scarce, limited to the valleys, while Chalcolithic settlements and their related activities
(agriculture and grazing) represent the first evidence of significant human impact on the high-
mountains. The pollen record has allowed us to relate two cultural periods of changing, the Copper
AgeeEarly Bronze Age and Late Bronze AgeeEarly Iron Age transitions, to abrupt climate disruptions, the
so-called 4.2 and 2.8 ka cal BP events respectively. From the Iron Age to the Early Middle Ages, anthropic
activities were still sporadic, mainly located in the lowlands, but from the Feudal Period onwards, when
La Mesta transhumance system takes place, high-mountain landscapes changed dramatically. Late
Modern Period brings a further intensification of human pressure, especially related to forestry, with
widespread pinewood afforestation.

� 2013 Elsevier Ltd and INQUA.

1. Introduction

Human disturbance has been suggested as the major driver of
vegetation change in the Iberian Peninsula at least for the last
w7500 years (Riera et al., 2004; Pérez-Obiol et al., 2011). Never-
theless, direct evidence of anthropogenic transformations in later
prehistoric times is not uniform in Spain, especially inmountainous
areas (Carrión et al., 2010). In this sense, the improved linkage of
archaeological and palaeoecological records is essential to under-
stand the timing and extent of anthropogenic and/or climatic al-
terations on natural vegetation during the Holocene (Carrión et al.,
2001a, 2007). Detailed investigations from Central Spain have
demonstrated the suitability of palaeoecological analyses to

provide environmental information comparable with archaeolog-
ical and historical evidence (e.g. Blanco-González et al., 2009;
López-Sáez et al., 2009b; Valbuena-Carabaña et al., 2010). By
comparing pollen diagrams from several sites (bogs, lakes,
archaeological sites) within a region, it is possible to obtain infor-
mation on vegetation history, human impact and dynamics of agro-
pastoral strategies on different spatial and temporal scales (López-
Sáez et al., 2003a; Carrión et al., 2010; Gil-Romera et al., 2010).
Along with archaeological data, palaeoecological information al-
lows the reconstruction of interactions and/or adaptations of the
past societies to Holocene climate changes during different his-
torical periods (Carrión et al., 2000; Berglund, 2003; Gaillard, 2007;
López-Sáez et al., 2009a).

The Spanish Central System acquires special interest for studies
on this topic as its natural vegetation has been influenced by
anthropogenic activity since at least 6000 years ago, starting with
the introduction of Neolithic farming in the intramountain valleys,
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and continuously increasing throughout several millennia of hu-
man occupation of these environments. The peculiar topography
of Central Iberia, with two sub-plateaus surrounded by high-
mountains ranges, has allowed humans to implement mobile
pastoralism practices to exploit available pastures in every season.
This mountain system has been traditionally considered as one of
the main routes for prehistoric transhumance (Klein, 1990), but
current data only allow to envisage short seasonal livestock
movements at least since the Iron Age (Sánchez-Moreno, 1998;
Álvarez-Sanchís, 1999; Sánchez-Moreno, 2001). This long history
of human settlements and movements in the Spanish Central
System has shaped a landscape with broad extensions of grass-
lands and shrublands, complemented with livestock resources
located in the plains on either side of the mountain range. In this
sense, fire and grazing pressure are considered the main modeling
factors of the landscape in highland areas in southwestern Europe
(e.g. Carrión et al., 2001b, 2007; Pausas and Keeley, 2009; López-
Sáez et al., 2009b). Moreover, this mountainous massif shows a
great biogeographical value, as it is located in a transition area
between Eurosiberian and Mediterranean regions (Rivas-Martínez,
1963; Rivas-Martínez et al., 1987). It actually shelters a large
number of endemic species (Peinado-Lorca and Rivas-Martínez,
1987) and has played an important role as refugia of forest spe-
cies during glacial times (Ashcroft, 2010). These features allow its
consideration as a biodiversity “hot spot” (Médail and Diadema,
2009).

Apart from the western sector of the Iberian Central System
(Estrela Range), where the Lateglacial and the full Holocene are
recorded in pollen sequences (e.g. van der Knaap and van Leeuwen,
1994, 1995, 1997), the Spanish Central System is scarce in Holocene
records that extend back beyond the last 6000 years (Ruiz-Zapata
et al., 1998). Most of them are short-term pollen records. In order
to assess the degree of human impact in this region, a great number
of investigations combining pollen analysis, archaeological studies,
radiocarbon dating and information on past climate changes have
been carried out by several researchers over a period of 30 years.

These studies have focused on humaneenvironment interactions,
synchronism between environmental and cultural changes, and
also on palaeo-phytogeographical issues (e.g. López-Sáez and
López-García, 1994; López-García, 1997; Ruiz-Zapata et al., 1997,
1998; Pulido et al., 2007; Franco-Múgica, 2009; López-Sáez et al.,
2009b, 2010a).

The main sources of information for this study are the palyno-
logical and archaeological data from the Spanish Central System.
The presence of a large number of deposits susceptible of being
analyzed (>100), have allowed the achievement of numerous
palaeopalynological works (including 9 PhD theses) throughout the
whole mountainous range and valleys. However, the absence in
many cases of reliable dating hinders the establishment of any
diachronic vegetation model and the proposal of any anthropo-
genic evolution during the Holocene. This paper provides a first
comprehensive overview and addresses a critical evaluation of past
vegetation changes in relation to human occupation and climate
changes for the whole Spanish Central System.

2. Physical settings

The Iberian Central System is a mountain range of about 500 km
long which divides the Duero and Tagus Basins (northern and
southern Iberian plateaus respectively), so it has been considered as
the “great Castilian borderline” (Pedraza and Carrasco, 1999),
thanks to itsWSWeENE general layout (Rivas-Martínez et al., 1987;
Ubanell, 1994). It consists of a series of mountainous ranges (“si-
erras”) separated by depressions or troughs which represent nat-
ural corridors between the two sub-plateaus (De Vicente et al.,
1994; Martín-Velázquez and Elorza, 2007). The ranges that make
up this mountain chain are, from east to west (Fig. 1): Pela and
Ayllón (w1400e1500 and 2000e2273 m asl respectively), Gua-
darrama (w1750e2428 m asl), Gredos (with the highest peak:
Almanzor 2592 m asl), Béjar (with similar elevation), Francia and
Gata (both below 1800m asl), and finally Estrela in Portugal (where
the altitude again reaches 2000 m asl close to the Atlantic coast).

Fig. 1. Geographical position of the study area, location of the pollen sequences, and main livestock tracks crossing the Spanish Central System during La Mesta. The number of sites
is reflected in Table 1.
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It is part of an ancient Hercynian and pre-Hercynian massif,
swept along the Mesozoic and reactivated during the Paleogene,
due to the Alpine Orogeny (Pedraza, 1989, 1994a; Ubanell, 1994).
The result is a chain of sunken or elevated blocks (Pedraza, 1994b),
which, according to the materials, granitic or metamorphic, is
sorted out in different tectonic styles (De Vicente et al., 1994). In
this sense, the central section has the characteristic structure of
blocks, while at the edges it tends to be masked by the influence of
the folded structure. These dynamics of blocks are responsible for
the asymmetry between the northern and southern slopes of the
mountainous chain, particularly in the western sector, because of
the altitude of the northern plateau with respect to the deeply-set
valleys in the Tagus Basin. Glacial morphologies developed
throughout the Quaternary in the highest areas of the Iberian
Central System, above 1900 m asl, so that only Francia and Gata
Ranges remain outside their influence (Pedraza and Carrasco, 2006;
Palacios et al., 2011). These processes and the subsequent peri-
glacial phenomena, along with the fluvial shaping have essentially
contributed to set the current relief.

The climate is of a Mediterranean type, characterized by a more
or less broad summer drought period and more intense rainfall in
autumn and winter (Devesa, 1995). However, there are large
regional variations according to latitude, longitude, altitude and
exposure (Gavilán et al., 1998). The asymmetry of the massif de-
termines the regional climate: as for temperatures, there are more
thermal conditions on the southern slopes, due to its lower eleva-
tion and greater sun exposure. Furthermore, there is a marked
gradient of increasing maritime influence towards the Atlantic
Ocean along the Iberian Central System, due to its predominant
westeeast alignment (Gavilán et al., 1998). Humidity tends to
decrease from most western inlands areas along a westeeast
gradient. The predominance of southwest humid winds causes,
similarly, a larger rainfall accumulation on southern slopes and a
moisture gradient which, in this case, tends to fall inland.

Differences in altitude offset in many cases the influence of these
gradients. In this way, the climate would have been the main
discriminant factor on vegetation distribution among the different
massifs of this ridge (Rivas-Martínez et al.,1987;Gavilán et al.,1998).

Biogeographically, the Spanish Central System is located in the
Mediterranean West Iberian province, at the boundary between
Carpetano-Leonese and Luso-Extremaduran subprovinces. This
bordering location denotes a great biological relevance, as a
migratory route and a speciation center for orophilous and Atlantic
elements (Peinado-Lorca and Rivas-Martínez, 1987; Costa-Tenorio
et al., 1997).

Vegetation (Fig. 2) is dominated by oak forests of Quercus pyr-
enaica, especially in thewestern sector at mid altitudes (Amor et al.,
1993; Devesa, 1995). Below them, holm oak (Quercus ilex subsp.
ballota) and cork oak (Quercus suber) forests spread. Above them,
different Q. pyrenaica communities develop according to rainfall
ranges (Gavilán et al., 1998; Pulido et al., 2007). Eastwards, pine
forests acquire greater prominence, especially in the Gredos and
Guadarrama mountains, where Pinus sylvestris and P. nigra repre-
sent the timberline. Those altitudes over 1600 m asl are widely
occupied by shrublands, where brooms such as Cytisus oromedi-
terraneus, Echinospartum ibericum, E. barnadesii or, in more humid
areas, heathlands, mostly composed by Erica australis, constitute
the main features of the landscape (Rivas-Martínez et al., 1987;
Sánchez-Mata, 1989; Fernández-González, 1991). Finally, grass-
lands are the dominant vegetation on the highest areas.

Also worth mentioning are the birch (Betula alba) and the
beech (Fagus sylvatica) stands which are located in north-oriented
headwaters. Especially widespread are the beech forests in the
Ayllón Range (Hernández-Bermejo and Sainz-Ollero, 1984). Other
tree species have found refuge close to these streams, associated
with alder (Alnus glutinosa) groves, such as yew (Taxus baccata),
rowan (Sorbus aucuparia), or holly (Ilex aquifolium). At lower alti-
tudes, Quercus robur, Prunus lusitanica, Ulmus glabra or Acer

Fig. 2. Main vegetation types in Spanish Central System (redraw from Gómez-Manzaneque, 2009).
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monspessulanum also grow as part of these riparian woods (López-
Sáez, 1995; Pulido et al., 2007).

3. Methods

The collected pollen dataset consists of 113 spots (69 peatlands,
7 lakes or lacustrine deposits, 4 paleosols, 33 archaeological sites)
located in the Spanish Central System (Fig. 1, Table 1). The chro-
nological setting of the study is established by 150 14C dates
(Table 1), calibrated (2 sigma range) using CALIB 6.0 software

(Stuiver and Reimer, 1993). Calibrated radiocarbon dates are given
as cal BC or cal AD. The age-depth model in pollen diagrams has
been obtained by linear interpolation between uncalibrated
radiocarbon ages using the mean of the calibration interval
following the original published data. When the authors present
their own age-depthmodel it has been followed in the text. In those
sites without radiocarbon dates, we have adopted the chronology
given by their original authors. In the case of archaeological sites it
may involve their available radiocarbon chronology or their wider
cultural framework.

Table 1
Holocene pollen sequences in the Spanish Central System: A, archaeological; P, peatland; L, lacustrine; S, paleosoil

Ner Site Nature Latitude Longitude Altitude 14C BP (calibrated ages 2s) References

Pela range
1 Somolinos L 4566415 30T 494572 1280 1385 � 30 (AD 605e675)

1525 � 30 (AD 503e604)
2190 � 40 (383e164 BC)
2410 � 40 (593e396 BC)

Currás et al. (2012)

Ayllón range
2 Pelagallinas P 4561802 30T 490419 1340 2400 � 40 (768e393 BC)

3980 � 90 (2861e2206 BC)
Franco-Múgica et al. (2001),
Rubiales et al. (2012)

3 Hontanares P 4570010 30T 463264 1430 e Ruiz del Castillo (1993)
4 Martín Muñoz de Ayllón P 4571853 30T 464952 1270 e Ruiz del Castillo (1993)
5 San Benito P 4563544 30T 460848 1440 e Ruiz del Castillo (1993)
6 Galve de Sorbe P 4563510 30T 485192 1370 e Hernández-Vera and Ruiz-

Zapata (1984)
7 Puerto de la Quesera P 4564073 30T 464542 1400e1700 e Gil-García (1992), Gil-García

et al. (1995b, 1995d)
8 Pico del Lobo P 4559204 30T 461333 2120e2130 1170 � 80 (AD 683e1012) Gil-García (1992), Gil-García

et al. (1994c)
9 Buitrera P 4566988 30T 466605 2038 e Jiménez-Ballesta et al. (1985)
10 Hayedo de Montejo P 4551002 30T 458221 1400 e Gil-García (1992), Gil-García

et al. (1993b, 1994c, 1995d),
López-García (1997)

11 Tejera Negra P 4566581 30T 467883 1400 e Gil-García et al. (1995d)
12 Cueva de los Torrejones A 4539924 30T 478197 1100 169.4 � 0.5 pM (AD 1963e1967)a

150 � 60 (AD 1663e1953)
250 � 60 (AD 1468e1952)

Carrión et al. (2005)

Guadarrama range
13 Arroyo de la Hoz P 4489978 30T 393303 1020 4220 � 70 (3008e2579 BC) Franco-Múgica (1995), López-

García (1997)
14 Navacerrada P 4510620 30T 416767 1340 2380 � 50 (751e380 BC) Franco-Múgica (1995), López-

García (1997)
15 Peñalara P 4521353 30T 419418 1930

1940
2002
2100

80 � 40 (AD 1682e1955)
275 � 30 (AD 1499e1796)
340 � 40 (AD 1462e1642)
730 � 50 (AD 1209e1390)
755 � 30 (AD 1221e1284)
1100 � 60 (AD 778e1025)
1300 � 30 (AD 661e772)
1680 � 40 (AD 246e504)
2800 � 50 (1112e831 BC)
4160 � 70 (2899e2504 BC)

Alía et al. (1957), Jiménez-
Ballesta et al. (1985), Ruiz-
Zapata and García-Antón
(1987), Ruiz-Zapata et al.
(1988a, 1988b, 1988c), Bentley
(1991), Vázquez (1992); Ruiz-
Zapata et al. (1996c), López-
García (1997), Gómez-González
(2007), Gómez-González et al.
(2007, 2009c), Ruiz-Zapata et al.
(2009a)

16 Rascafría P 4529020 30T 426685 1113 50 � 40 (AD 1688e1955)
920 � 50 (AD 1023e1213)
1000 � 60 (AD 895e1172)
2455 � 35 (755e411 BC)
7180 � 70 (6220e5916 BC)
8410 � 250 (8202e6768 BC)

Franco-Múgica and García-
Antón (1994), Franco-Múgica
(1995), López-García (1997),
Franco-Múgica et al. (1998),
Ruiz-Zapata et al. (2006a),
Gómez-González (2007), Ruiz-
Zapata et al. (2007c), Gómez-
González et al. (2008), Ruiz-
Zapata et al. (2008b), Franco-
Múgica (2009), Gómez-
González et al. (2009a, 2009b),
Ruiz-Zapata et al. (2009b)

17 El Ventoso P 4537760 30T 434087 1862 e Vázquez (1992)
18 El Villar P 4539122 30T 435333 1805 e Vázquez (1992)
19 Hoyos de Pinilla P 4535465 30T 427942 1840 1080 � 60 (AD 778e1117) Vázquez (1992)
20 Vaquerizas Bajas P 4523227 30T 416277 1550 e Vázquez (1992)
21 Guarramillas P 4515155 30T 418436 2262 e Jiménez-Ballesta et al. (1985)
22 Valdesquí P 4516899 30T 418013 1830 e Jiménez-Ballesta et al. (1985)
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Table 1 (continued )

Ner Site Nature Latitude Longitude Altitude 14C BP (calibrated ages 2s) References

23 Loma de Peñas Crecientes P 4533195 30T 423874 1775 1830 � 110 (88 BCeAD 504) Vázquez (1992), Vázquez and
Ruiz-Zapata (1992)

24 Lagunillas P 4537008 30T 431097 1780 e Ruiz del Castillo (1993)
25 Lozoya P 4537567 30T 431653 1410 e Ruiz del Castillo (1993)
26 Peña de la Morcuera P 4521425 30T 430376 1740 1120 � 60 (AD 775e1022)

1400 � 60 (AD 541e770)
1770 � 60 (AD 93e407)
2120 � 60 (359e0 BC)
2520 � 60 (800e416 BC)

Ruiz del Castillo (1993)

27 Monasterio del Paular A 4526786 30T 425241 1100 e Gil-García (2004)
28 Cachiporrilla P 4526820 30T 432134 1640 e Gil-García (1992), Gil-García

and Ruiz-Zapata (1994), Gil-
García et al. (1995a)

29 Cerro Genciana P 4521662 30T 433149 1710 e Gil-García (1992), Gil-García
et al. (1995c)

30 El Espartal P 4526339 30T 432007 1640 e Gil-García (1992), Gil-García
and Ruiz-Zapata (1994), Gil-
García et al. (1995a)

31 Portachuelo P 4528107 30T 433270 1500 e Gil-García (1992), Gil-García
and Ruiz-Zapata (1994), Gil-
García et al. (1995a)

32 Puerto de Canencia P 4521301 30T 434426 1000e1360
1450e1460

1170 � 50 (AD 711e986)
2500 � 80 (793e413 BC)

Gil-García et al. (1989), Gil-
García (1992), Gil-García et al.
(1993a, 1994a, 1994b), López-
García (1997), Gil-García et al.
(1996a)

33 Puerto de la Morcuera P 4520043 30T 430121 1190e1200
1700e1720
1740e1750

640 � 50 (AD 1279e1405)
1440 � 110 (AD 661e1151)
1710 � 90 (AD 94e543)

Gil-García et al. (1989), Gil-
García and Ruiz-Zapata (1991),
Gil-García (1992), Gil-García
et al. (1993a, 1993c, 1994a),
Andrade et al. (1994b), Gil-
García et al. (1996b, 1996c),
Ruiz-Zapata et al. (1996a,
1996b, 1996c), López-García
(1997)

34 Pepe Hernando P 4523098 30T 420231 2120 2060 � 70 (352 BCeAD 80)
3350 � 90 (1879e1450 BC)

Vázquez (1992)

35 Nicho de dos Hermanas P 4521144 30T 419627 2100 e Ruiz-Zapata et al. (1988a,
1988b, 1988c, 1996c)

36 Collado de El Berrueco P 4526367 30T 449861 1040 530 � 40 (AD 1312e1444)
680 � 30 (AD 1270e1389)
2490 � 49 (782e416 BC)

Ruiz-Zapata et al. (2006a,
2006b), Gómez-González
(2007), Ruiz-Zapata et al.
(2009c)

37 Cueva de la Buena Pinta A 4530841 30T 431956 1114 1920 � 40 (18 BCeAD 214)
4010 � 40 (2832e2461 BC)
4940 � 40 (3794e3647 BC)

Gómez-González (2007), Ruiz-
Zapata et al. (2007a, 2007b,
2007d, 2008a, 2008b)

38 Abrigo de Navalmaíllo A 4530859 30T 431956 1114 860 � 40 (AD 1044e1261)
3690 � 60 (2278e1913 BC)
3790 � 40 (2401e2045 BC)

Gómez-González (2007), Ruiz-
Zapata et al. (2007a, 2008b)

39 Dehesa de la Oliva A 4525948 30T 462154 805e890 1565 � 40 (AD 412e580)
1620 � 40 (AD 344e541)
1640 � 40 (AD 263e537)
1700 � 30 (AD 256e412)

López-García (1997)

40 Laguna de Lirialón L 4519425 30T 453641 750 e López-García (1997)
Gredos range
41 Hoyos del Espino P 4462522 30T 311221 1450 1750 � 70 (AD 87e428)

5960 � 70 (5022e4690 BC)
Franco-Múgica (1995), Franco-
Múgica (2009)

42 Navarredonda P 4469346 30T 322254 1550 1090 � 70 (AD 772e1150)
1770 � 80 (AD 71e427)

Franco-Múgica (1995), Franco-
Múgica et al. (1997), Franco-
Múgica (2009)

43 Puerto de Serranillos P 4462901 30T 335764 1700 522 � 27 (AD 1326e1441)
1664 � 35 (AD 257e530)
1895 � 45 (AD 21e233)
1938 � 35 (37 BCeAD 131)

López-Merino et al. (2009),
López-Sáez et al. (2009b)

44 Lanzahíta P 4454242 30T 335290 588 110.01 � 0.3 pM (AD 1957e1997)a

780 � 35 (AD 1118e1283)
1020 � 35 (AD 899e1151)
1315 � 29 (AD 654e771)
1907 � 35 (AD 59e214)
2280 � 55 (481e183 BC)
2387 � 32 (727e393 BC)

López-Sáez et al. (2010a)

45 Navalguijo P 4458578 30T 283957 1200 1920 � 90 (162 BCeAD 325) Franco-Múgica (1995)
46 San Esteban del Valle P 4461427 30T 334950 1600 e López-Sáez et al. (1997)
47 Puerto de Casillas P 4465578 30T 368862 1250 e López-Sáez et al. (1996, 1998)
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Table 1 (continued )

Ner Site Nature Latitude Longitude Altitude 14C BP (calibrated ages 2s) References

48 Pico Zapatero P 4480674 30T 336193 1650 e Andrade (1994)
49 La Serrota P 4481841 30T 325723 1700 e Andrade (1994)
50 Cuerda del Cervunal P 4453062 30T 312393 1840 e Ruiz-Zapata and Acaso (1981b,

1983, 1984, 1988), Ruiz-Zapata
et al. (1996a, 1996b, 1996c)

51 Eliza S 4452912 30T 335165 450 e López-Sáez et al. (1999)
52 Ojos Albos P 4507902 30T 375907 1483 101.7 � 0.5 pM (AD 1953e1956)a

255 � 35 (AD 1515e1951)
955 � 40 (AD 999e1175)
1280 � 40 (AD 658e861)
1555 � 40 (AD 420e591)
1720 � 40 (AD 237e412)

Blanco-González et al. (2009)

53 Puerto de las Fuentes P 4498342 30T 327001 1580 940 � 70 (AD 982e1251) Dorado (1993)
54 Riatas P 4490090 30T 342817 1120 e Ruiz-Zapata et al. (1992),

Dorado (1993), López-Sáez and
Blanco-González (2005)

55 San Martín de la Vega
del Alberche

P 4476376 30T 312120 1500 e Andrade et al. (1990), Andrade
(1994), Andrade et al. (1996)

56 Prado de las Zorras P 4484377 30T 335043 1650 2040 � 90 (358 BCeAD 133) Andrade (1994), Andrade et al.
(1994a, 1994b), Andrade and
Ruiz-Zapata (1995), Andrade
et al. (1996), Ruiz-Zapata et al.
(1996a)

57 Puerto de Chía P 4480768 30T 316528 1701 2250 � 100 (736e40 BC)
2620 � 60 (913e545 BC)

Andrade (1994), Andrade et al.
(1996), Ruiz-Zapata et al.
(1996a)

58 Puerto de la Peña Negra P 4476828 30T 305112 1909 2465 � 110 (826e265 BC) Ruiz-Zapata et al. (1992),
Andrade (1994), Andrade et al.
(1996)

59 Puerto de Villatoro P 4490926 30T 323517 1160 e Dorado et al. (1990), Ruiz-
Zapata et al. (1990), Dorado
(1993), Andrade et al. (1994a)

60 Los Conventos P 4460944 30T 314260 1680 e Ruiz-Zapata and Acaso (1981a,
1984, 1988), Franco-Múgica
(2009)

61 Garganta de las Pozas P 4463960 30T 306984 1600 e Ruiz-Zapata and Acaso (1985,
1988), Ruiz-Zapata et al.
(1996a)

62 Narrillos del Rebollar P 4502810 30T 335181 1560 2953 � 68 (1387e980 BC) Atienza et al. (1991), Dorado
(1993), Andrade et al. (1994a),
Ruiz-Zapata et al. (1996a,
1996c), López-García (1997),
Dorado et al. (2001), López-Sáez
and Blanco-González (2005),
López-Sáez et al. (2009a)

63 Las Pozas-Amblés P 4500370 30T 333589 1360 e Dorado (1993)
64 Laguna Grande de Gredos L 4458046 30T 307208 1960 e Toro et al. (1992, 1993)
65 Las Lagunas L 4489190 30T 338749 1160 e Dorado et al. (1990), Dorado

(1993)
66 Baterna P 4490546 30T 337153 1140 5930 � 100 (5444e5188 BC) Dorado (1993), Ruiz-Zapata

et al. (1996a, 1996b), López-
Sáez et al. (2003b), López-Sáez
and Blanco-González (2005),
López-Sáez et al. (2009a)

67 Hoyocasero S 4472990 30T 331042 1250 530 � 80 (AD 1281e1616) Andrade et al. (1992), Andrade
(1994), Andrade and González-
Jonte (2007)

68 Trío los Pingos P 4479921 30T 332326 1550 e Andrade (1994), Andrade et al.
(1994b)

69 Garganta del Villar S 4479000 30T 323000 1450 8030 � 180 (7451e6514 BC) This paper
70 El Raso A 4450183 30T 299178 791 1840 � 140 (165 BCeAD 533)

2010 � 130 (376 BCeAD 252)
2090 � 140 (405 BCeAD 232)
2190 � 130 (733 BCeAD 81)
2190 � 80 (395e51 BC)

López-García (1985, 1986),
López-Sáez et al. (1991), López-
Sáez and López-García (1994),
López-Sáez et al. (2008)

71 Las Cogotas A 4511604 30T 343393 1118e1156 e López-Sáez et al. (2008)
72 Ulaca A 4488255 30T 340301 1500 e López-Sáez et al. (2008)
73 Mesa de Miranda A 4509581 30T 335615 1154 e López-Sáez et al. (2008)
74 Castillejos de Sanchorreja A 4510436 30T 349371 1500 e González-Tablas (1983),

González-Tablas and
Domínguez-Calvo (2002),
López-Sáez and Blanco-
González (2005)
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Table 1 (continued )

Ner Site Nature Latitude Longitude Altitude 14C BP (calibrated ages 2s) References

75 Aldeagordillo A 4501800 30T 360400 1201 3510 � 70 (2027e1668 BC)
3685 � 25 (2189e1979 BC)
3690 � 50 (2267e1938 BC)
4100 � 80 (2879e2482 BC)
4115 � 20 (2860e2580 BC)
4320 � 70 (3325e2698 BC)

López-Sáez and Burjachs (2002-
2003), López-Sáez et al.
(2003b), Fabián (2006), Fabián
et al. (2006), López-Sáez and
López-Merino (2007)

76 Dehesa de Río Fortes A 4493677 30T 345530 1100 3910 � 100 (2836e2044 BC)
4970 � 80 (3949e3641 BC)

López-Sáez (2002), Fabián
(2006);

77 Fuente Lirio A 4500536 30T 346560 1185 3910 � 100 (2836e2044 BC)
4260 � 60 (3076e2636 BC)

Burjachs and López-Sáez
(2003), López-Sáez et al.
(2003b), Fabián (2006), López-
Sáez and López-Merino (2007)

78 Gravera de Puente Viejo A 4512917 30T 359949 880 e López-Sáez and Blanco-
González (2004, 2005)

79 Los Itueros A 4497417 30T 336598 1275 3850 � 100 (2574e2028 BC)
3960 � 90 (2857e2155 BC)
4120 � 130 (3011e2299 BC)

López-Sáez and López-García
(2003), López-Sáez et al.
(2003b), Fabián (2006), López-
Sáez and López-Merino (2007)

80 Los Tiesos A 4505498 30T 368539 1110 e López-Sáez et al. (2003b),
López-Sáez and López-Merino
(2007), López-Sáez (2011)

81 Valdeprados A 4497800 30T 355450 1100 e López-Sáez and Burjachs
(2002), López-Sáez et al.
(2003b), Fabián (2006), López-
Sáez and López-Merino (2007)

82 El Picuezo-Sotalvo A 4487578 30T 343312 1439 e López-Sáez et al. (2005b),
López-Sáez and Blanco-
González (2005), Fabián et al.
(2006)

83 Guaya A 4505939 30T 366147 1110 2969 � 40 (1370e1051 BC)
3068 � 40 (1428e1216 BC)

Burjachs (2001), López-Sáez
and Blanco-González (2005),
Misiego et al. (2005), López-
Sáez et al. (2009a)

84 La Viña A 4507963 30T 367983 1070 e López-Sáez and Blanco-
González (2005), López-Sáez
et al. (2009a)

85 Castillo de Cardeñosa A 4511062 30T 353816 1104 e Fabián et al. (2006)
86 Cerro de la Cabeza A 4501716 30T 354324 1140 3820 � 60 (2466e2059 BC)

3850 � 60 (2472e2141 BC)
3970 � 50 (2619e2299 BC)
4010 � 50 (2839e2348 BC)
4020 � 50 (2855e2369 BC)

Fabián (2006), López-Sáez and
López-Merino (2007)

87 Cerro Hervero A 4502233 30T 359507 1217 3924 � 41 (2565e2289 BC) Fabián (2006), López-Sáez and
López-Merino (2007)

88 El Morcuero A 4495179 30T 348120 1116 e Fabián (2006), López-Sáez and
López-Merino (2007)

89 El Picuezo-Guareña A 4498039 30T 332993 1245 4180 � 60 (2898e2584 BC) Fabián (2006), López-Sáez and
López-Merino (2007)

90 La Ladera A 4498714 30T 344209 1170 e Fabián (2006)
91 Tiro de Pichón A 4501987 30T 358869 1120e1155 e Fabián (2006), López-Sáez and

López-Merino (2007)
92 La Panera P 4449448 30T 264846 1648 235 � 35 (AD 1630e1807) Abel-Schaad et al. (2009b),

Abel-Schaad (2012)
93 Garganta de los Caballeros L 4456736 30T 287416 1365 1910 � 30 (AD 21e210)

1965 � 30 (41 BCeAD 116)
Ruiz-Zapata et al. (2011)

94 Laguna de los Casares A 4502822 30T 366986 1150 e Blanco-González et al. (2009)
95 El Vergel II A 4520653 30T 340999 920 e Blanco-González et al. (2009)
Francia range
96 La Meseguera P 4483677 29T 735596 900 102.81 � 0.2 pM (AD 1954e1956)a

385 � 30 (AD 1444e1631)
640 � 30 (AD 1283e1396)
1270 � 60 (AD 654e888)

Abel-Schaad (2012)

97 Castil de Cabras A 4495576 30T 247484 1046 3530 � 35 (1947e1752 BC)
3559 � 32 (2016e1774 BC)
3580 � 70 (2135e1746 BC)

López-Jiménez and López-Sáez
(2005)

98 La Corona A 4497595 29T 750081 1288 e López-Jiménez and López-Sáez
(2005)

99 Mata del Castillo A 4494635 29T 748949 1149 1870 � 45 (AD 30e244)
2028 � 40 (163 BCeAD 59)
2068 � 33 (176 BCeAD 2)

López-Jiménez and López-Sáez
(2005)

100 Fuente de la Mora A 4492846 29T 742241 1025 e Ruiz del Árbol et al. (2003)
101 Herguijuela S 4481693 29T 748004 750 e Atienza (1996)
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With the aim of describing themid-Holocene vegetation history,
a new palynological record has been added, Garganta del Villar
(Cepeda de la Mora, Ávila) in the Gredos Range, which chronology
and sedimentary features have been already presented elsewhere

(Díez et al., 1996). Three samples have been taken in an alluvial
deposit (3 m depth) in the high-valley of the Alberche river at
different depths within a level of black clay-rich organic matter
dated ca. 7450e6515 cal BC (Fig. 3, Table 1). These samples have

Table 1 (continued )

Ner Site Nature Latitude Longitude Altitude 14C BP (calibrated ages 2s) References

102 El Maíllo P 4492050 29T 736094 1100 105.03 � 0.2 pM (AD 1955e1957)a

1550 � 40 (AD 423e594)
1990 � 30 (48 BCeAD 72)
4790 � 40 (3652e3384 BC)
5040 � 30 (3951e3716 BC)
6900 � 40 (5881e5716 BC)
7670 � 40 (6594e6450 BC)
8970 � 40 (8281e7974 BC)
9330 � 50 (8745e8355 BC)

Morales-Molino et al. (2013)

Béjar range
103 Garganta del Trampal P 4466395 30T 272553 1440 5270 � 90 (4333e3848 BC) Ruiz-Zapata et al. (1989), Atieza

et al. (1990, 1991), Atienza and
Ruiz-Zapata (1992), Ruiz-
Zapata et al. (1992), Atienza
(1993), Atienza et al. (1996),
Ruiz-Zapata et al. (1996a),
Franco-Múgica (2009)

104 Dehesa de Navamuño P 4467428 30T 264537 1480 4020 � 70 (2864e2341 BC) Atienza and Ruiz-Zapata
(1992); Atienza (1993), Ruiz-
Zapata et al. (1996a)

105 Peña Negra P 4468662 30T 262814 1000 100 � 80 (AD 1666e1955)
1140 � 90 (AD 672e1033)
1538 � 60 (AD 411e638)
1640 � 30 (AD 337e534)
2490 � 80 (789e412 BC)
2982 � 43 (1320e1056 BC)

Pulido et al. (2007), Abel-
Schaad (2012), Abel-Schaad and
López-Sáez (2013)

106 Cuerpo de Hombre L 4465844 30T 269423 2040 5160 � 40 (4045e3807 BC) Ruiz-Zapata et al. (2011)
107 Presa del Duque L 4464949 30T 272077 1600 510 � 95 (AD 1283e1632)

2380 � 35 (729e390 BC)
6030 � 40 (5033e4805 BC)
6830 � 120 (5982e5535 BC)
7470 � 150 (6598e6032 BC)

Ruiz-Zapata et al. (2011)

108 Garganta de la Solana P 4466552 30T 271534 1620 e Atienza and Ruiz-Zapata
(1992), Atienza (1993)

109 Barrera de las Corzas P 4466837 30T 272354 1600 e Atienza (1993)
110 El Quemal-Candelario P 4467925 30T 267582 1840 e Atienza and Ruiz-Zapata

(1992), Atienza (1993, 1995)
111 La Covatilla P 4470514 30T 271640 1980 e Atienza (1993, 1995), Atienza

et al. (1996)
112 Jerte P 4456089 30T 260785 1180 e Atienza (1993)
Gata range
113 Puerto de Santa Clara P 4458271 29T 689552 1000 3560 � 40 (2023e1772 BC) Abel-Schaad et al. (2009a),

Abel-Schaad (2012)

a These radiocarbon dates were calibrated using the CALIBomb program (http://calib.qub.ac.uk/CALIBomb) with the calibration dataset NH zone 1 (Hua and Barbetti, 2004).

Fig. 3. Pollen diagram from Garganta del Villar (Gredos Range) (Points <2%).
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been treated following the classic chemical methodology (Faegri
and Iversen, 1989) with concentration in heavy liquid to obtain
pollen and non-pollen palynomorphs.

4. Vegetation changes, climate changes and human activity in
the Spanish Central System

The palynological evidence of anthropogenic vegetation
changes is summarized and correlated for the different mountains
in the Spanish Central System in Fig. 4. This summary is based on
the palynological sequences considered in this paper (Fig. 1,
Table 1). The development of natural landscapes is discussed in the
context of the changing human occupation of the massif and the
climate change events observed on a global scale.

4.1. Until the Early Neolithic (ca. 9000e4500 cal BC)

In western areas of the massif (Francia and Béjar Ranges), the
pollen records of El Maíllo and Garganta del Trampal show that pre-
Neolithic forests (ca. 8745e5500 cal BC) were dominated by birches
(Betula w40e80%) and pines (Pinus w10e20%), with a certain
presence of deciduous Quercus and other mesophytes between
1100 and 1440 m asl. Carpinus betulus is also documented
sporadically at this time in Garganta del Trampal record. The rela-
tive abundance of mesophilous trees and hydro-hygrophytes
(especially Osmunda regalis) could be associated with a humid
climate. Temperate and humid climatic conditions at this time
would have allowed the birch forest dominance not only in low-
lands (El Maíllo, 1100 m asl) but also in highlands (Garganta del
Trampal, 1440 m asl) (Fig. 4). However, the Presa del Duque pollen
record (1600 m asl) shows a landscape ca. 6600e5535 cal BC
dominated by Poaceae (w40%) with scattered occurrences of
Betula, Corylus and deciduous Quercuswhile Pinus is almost absent.
Sporadic presences of Plantago, Rumex and coprophilous fungi
(Sporormiella, Podospora) could indicate some kind of pastoral
pressure without ruling out that it could be also the result of wild
animals. These data are very different from those above discussed,
and, according to the authors, the two available radiocarbon dates
for these levels appear to be inconsistent with the inferred vege-
tation. It seems to reflect cold and arid conditions more typical of
the Younger Dryas or the 8.2 ka cal BP event. Anyway, the high-
altitude of this site could explain these data: in fact, La Covatilla
pollen record (1980 m asl) shows at this moment an open land-
scape (tree cover w55%) dominated by birch, scattered pines and
prostrate juniper (Juniperus-type).

In central and eastern areas of the Spanish Central System
(Gredos and Guadarrama Ranges), the pollen records of Hoyos del
Espino, Baterna and Riatas, Garganta del Villar (Fig. 3), Peñalara and
Rascafría, show a well-developed pine forest (Pinus gr. sylvestris/
nigra >50%) at higher altitudes, while towards the valleys decidu-
ous and evergreen Quercus, Betula, Fraxinus, Salix, Corylus, Ilex and
Sambucus prosper from ca. 8200 cal BC (Fig. 4). Colder and a more
seasonal climate could explain these differences between central-
eastern and western parts of the massif. The high percentages of
birch pollen (w20%; unpublished data) in Garganta del Villar ca.
7450e6510 cal BC (Fig. 3) may be explained by the lowering of the
forest treeline and by its pioneer and heliophilous character, as the
sedimentological facies maps these samples to fill an abandoned
channel that have suffered intense periglacial processes (Díez et al.,
1996).

El Maíllo charcoal record shows that pine species which
currently inhabits high-mountain areas of the Spanish Central
System, grew during the early to mid-Holocene also at lower alti-
tudes in western areas. In the Gredos Range pollen data from high-
altitude sites (Hoyos del Espino, Garganta del Villar) demonstrate

the existence of a pine forest w1400 m asl. The presence of P. syl-
vestris in high-altitude areas (w1300e1850 m asl) since the mid-
Holocene has also been reported in the Gredos Range by
numerous radiocarbon-dated megafossils (Rubiales et al., 2007).
However, in pollen sequences located below (w1100 m asl, Riatas
and Rascafría), pine pollen percentages are unusually high (>50%)
before 5500 cal BC, suggesting the presence of pines at lower alti-
tudes. Studies on modern pollen rain in Gredos and Guadarrama
Ranges support this view (Vázquez and Peinado, 1993; Dorado and
Ruiz-Zapata, 1994; Andrade et al., 1994c; López-Sáez et al., 2010b).

In El Maíllo sequence twomaxima in the charcoal concentration
values are detected ca. 6100e6000 and 5500e5300 cal BC (Fig. 5)
linked to episodes of grassland expansion. In the Rascafría pollen
sequence the microcharcoal record showed a maximum value ca.
6200e6000 cal BC (Fig. 5) parallel to the decrease in Pinus values
and the progress of herbaceous communities. Studies on the long-
term occurrence of fire and the responses of vegetation are rela-
tively common in Spain (Carrión et al., 2007; Gil-Romera et al.,
2010), but they are fairly rare in the Iberian Central System (Franco-
Múgica et al., 1998; López-Merino et al., 2009; López-Sáez et al.,
2010a; Connor et al., 2012; Abel-Schaad and López-Sáez, 2013;
Morales-Molino et al., 2013). Although fire is both a natural phe-
nomenon and a human resource, used for example to clear and
maintain open agro-pastoral areas by early farming communities
(Tinner et al., 2005; López-Sáez et al., 2005a; Colombaroli et al.,
2008), it seems difficult to understand human impact on fire re-
gimes without placing it in the context of Holocene climatic and
vegetation changes. Recent studies from the Alps, the Pyrenees and
the Mediterranean area show that millennial variability in Holo-
cene fire regimes is linked to climatic oscillations, particularly for
the early to mid-Holocene ca. 9750e3000 cal BC (Vannière et al.,
2011), but also fire regimes are human-driven during the last
4000 years (Tinner et al., 2005; Rius et al., 2009; Vannière et al.,
2010; Rius et al., 2011, 2012). In fact, the charcoal record of El
Maíllo shows the highest concentration values ca. 8250 and ca.
6550 cal BC linked to high tree pollen values (Fig. 5). This fire fre-
quency is probably related to the dry climatic conditions and
greatly benefited from the early Holocene biomass increase. The
synchronicity of frequency curves ca. 6000e5500 cal BC between
the charcoal records of El Maíllo, Rascafría and Charco da Candieira
(Francia, Guadarrama and Estrela Ranges respectively) suggests a
period of contrasted fire frequency with centennial oscillations and
a millennial pattern similar to the regional Mediterranean fire ac-
tivity (Connor et al., 2012; Morales-Molino et al., 2013). Therefore,
climate control can be considered as the major forcing factor over
fire occurrence during the mid-Holocene in the Iberian Central
System at the millennial scale, but shorter variability may be
accounted for by other factors such as human impact and/or fire-
vegetation feedbacks (Carrión et al., 2010).

Some palynological records from the area come from high-
altitudes (>1400 m asl: Garganta del Trampal, La Covatilla, Presa
del Duque, Hoyos del Espino, Garganta del Villar), but in most cases
they are placed about 1100 m asl (El Maíllo, Riatas, Baterna, Ras-
cafría) in fertile valleys, hence in the main area of activity of the
Neolithic population (Rojo et al., 2012). Although anthropogenic
pollen indicators (e.g. Aster-type, Cichorioideae, Echium vulgare-
type, Plantago major/media-type, Rumex acetosa-type, Urtica dioica-
type) are scarce and discontinuous in these last pollen sequences
from the Spanish Central System ca. 5500e4500 cal BC, we cannot
rule out the possible influence of Early Neolithic communities,
which appear precisely on this date in the whole of Central Iberia
(Rojo et al., 2012). For instance, from ca. 5500 cal BC until ca.
3300 cal BC, grasslands start to show especially high values (Poa-
ceae >40%) in El Maíllo record, although birches, pines and oaks
maintain their presence in the area (Fig. 4). Instead, the Rascafría
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Fig. 4. Reconstruction of the palaeovegetation of the Spanish Central System since ca. 9000 cal BC.
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sequence shows no obvious change in its forests composition,
neither anthropogenic pollen indicators, until ca. 3000e2500 cal
BC, when a sharp fall in the pine cover is reported. Hypothetical
grazing activities are documented in the Presa del Duque pollen
record ca. 5500 cal BC at high-altitude (1600 m asl).

The adoption of the productive economy and its potential
impact on the landscape is still an open question for debate
throughout the Spanish Central System. Some Early Neolithic (ca.
5500e4500 cal BC) sites are known in the mountains of Béjar,
Gredos, Guadarrama and Ayllón (Rojo et al., 2012), but unfortu-
nately none of them have been studied from an archaeobotanical
point of view. Themost characteristic habitat of Early Neolithic sites
in the Spanish Central System is the granitic outcrop shelter on

rocky promontories, usually deployed at altitudes above 800e
1300m asl, except some open air sites on the southern slopes of the
Gredos Range (La Vera valley) located about 500m asl in relation to
water availability. They would have possibly been semi-nomadic
communities with a seasonal and a wandering lifeway depending
upon a strong livestock husbandry vocation linked to the high-
mountain pastures (Delibes and Fernández, 2000; Blanco-
González, 2008). However, in both plateaus open air settlements
near streams are more frequent in areas of high agricultural po-
tential in the Duero and Tagus Basins (Muñoz, 2000; Jiménez,
2010). Archaeobotanical evidence for agriculture has been docu-
mented in the nearby areas of both the Duero and the Tagus Basins
ca. 5300 cal BC (Estremera, 2003; López-Sáez et al., 2005a, 2007a).

Fig. 5. Comparison among charcoal accumulation rates of several deposits during the Holocene in the Spanish Central System.
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4.2. Consolidation of the productive economy: Middle Neolithic to
Copper Age (ca. 4500e1900 cal BC)

During theMiddle and the Late Neolithic (ca. 4500e3300 cal BC)
a dehesa landscape took form along both plateaus, as a result of
farming and grazing activities into the oak forests (Quercus ilex and
Q. suber), linked to new concepts of landscape organization repre-
sented by the first megalithic tombs (Jiménez, 2000; Bueno et al.,
2002; López-Sáez et al., 2007b). Areas with greater agricultural
aptitudes are increasingly populated from the Late Neolithic on-
wards, with small farmsteads located in the valley bottoms and the
soft hills near streams; in short, these are the settings that will be
colonised in the Chalcolithic period (Fabián, 2006; Blanco-
González, 2008).

In the Amblés valley, within the lowlands of the Gredos Range,
the pollen record from Dehesa de Río Fortes barrow shows a Late
Neolithic landscape of meadows and ruderal communities which
provides evidence of the increasing human pressure ca. 4000e
3650 cal BC, mainly by grazing activities (high values of coprophi-
lous fungi) without traces of crop cultivation. This is not strange
due to the funerary nature of the deposit. These facts allow the
interpretation of the monument, besides its sacred character, as a
symbolic place of cattle transit (trasterminance). Pollen records
from Baterna and Riatas peat-bogs reflect, at this time, an open
evergreen oak forest (Quercus ilex-type) in the Amblés valley
accompanied by a dense macchia of Olea europaea and nitrophilous
and anthropozoogenous communities. Deciduous oaks (Q. pyr-
enaica) and ash tree (Fraxinus) would occupy alluvial soils and pines
would be located at higher altitudes (Fig. 4). In the 3rd millennium
cal BC, the landscape of the intramontane Amblés valley is still
characterized by open evergreen oak forests between ca. 1200e
1000 m asl. At this time, an increase in farming activity occurs, led
by pastoralism. Pollen records from 9 archaeological sites of the
Chalcolithic period (Aldeagordillo, Cerro de la Cabeza, Cerro Her-
vero, Los Itueros, Fuente Lirio, El Picuezo-Guareña, Tiro de Pichón,
La Ladera and Valdeprados) and 2 peat-bogs (Baterna, Riatas) show
the occurrence of Cerealia-type pollen (>3%), and high values of
anthropozoogenous taxa, carbonicolous and coprophilous fungal
ascospores, setting up an agropastoral landscape where the tree
cover was low due to the use of fire to clear the original forest
(López-Sáez et al., 2003b; López-Sáez and López-García, 2004,
2006; López-Sáez, 2007; López-Sáez and López-Merino, 2007).
During the Copper Age (ca. 3300e1900 cal BC) crop farming seems
to have played a major role in the activities near archaeological
sites, especially in the valleys.

During the Late Neolithic only Cercophora and Sordaria were
reported in the Dehesa de Río Fortes record, while the Chalcolithic
palynological cores register both of them and also Sporormiella,
Chaetomium and Podospora. The higher diversity of coprophilous
fungal ascospores during the Copper Age could be the result of
increasing grazing pressure from the Neolithic (López-Sáez and
López-Merino, 2007). The identification of coprophilous fungi in
the pollen record of two Chalcolithic barrows (Los Tiesos, El Mor-
cuero) emphasises their symbolic character and their landscape
prominence in the valley (Blanco-González and Fabián, 2010, 2011).

In the highlands of the Gredos Range, the pollen diagrams from
Los Conventos (1680 m asl), Cuerda del Cervunal (1840 m asl),
Hoyos del Espino (1450 m asl) and Narrillos del Rebollar (1560 m
asl) show the first sporadic traces of human impact e expansion of
heathlands and Rumex, increase of heliophilous taxa, such as
birches, and pyrophilous taxa, such as Asphodelus e appearing
during the Chalcolithic, ca. 2200e2000 cal BC, although pine for-
ests still dominate the landscape (P. sylvestris-type w50e80%)
(Fig. 4). This is related to a more intensive Chalcolithic use of the
highlands (seasonal livestock). Hence, the first clearly noticeable

anthropogenic indicators in the high-altitude palynological record
coincidewith the increasing number of settlements in the lowlands
(Fabián, 2006; Blanco-González, 2008).

One of the most important environmental changes for the Ho-
locene is shown in El Maíllo record (Francia Range) ca. 3300e
2000 cal BC, when BetulaePinus forests declined and a rapid
expansion of heathlands (Erica arborea-type >20%) took place,
although this began ca. 4400 cal BC. It could be explained by
different reasons: i) forest clearance by humans (although
anthropogenic pollen indicators are scarce), ii) recurrent wildfires
promoting fire-tolerant communities (high charcoal concentrations
around 4500, 3800e3600 and between 2700 and 1900 cal BC,
Fig. 5), iii) a climatic trend to drier conditions (decrease of sedi-
mentation rate and hygrophilous grasslands) (Morales-Molino
et al., 2013). A similar trend is documented in Peña Negra
(1000 m asl, Béjar Range) ca. 2100 cal BC, where grasslands (Poa-
ceae >30%) and heathlands (w10%) dominate this anthropogenic
landscape including the presence of Cerealia-type pollen (w2%). In
high-altitude sites from the Béjar Range (w1400e2000 m asl), the
first evidence of anthropization ca. 2800e2300 cal BC is located in
Garganta del Trampal, El Quemal-Candelario and La Covatilla pollen
records, with grasslands, anthropogenic taxa and heathlands
expansion, while a noticeable increase of birches is documented in
Dehesa de Navamuño (Fig. 4). These clearances were probably
performed for grazing activities as underlined by the slight increase
of anthropozoogenous taxa and coprophilous fungi without Cere-
alia-type pollen until ca. 2000 cal BC. On the other hand, at an even
higher altitude (2040 m asl), the Cuerpo de Hombre record shows
no evidence of human impact since ca. 4050 cal BC.

Towards the eastern parts of the massif, in the Lozoya-Paular
valley (w1100 m asl), the Rascafría record shows a sharp fall of
high-mountain pine forests ca. 3000e2500 cal BC, associated with
a significant rise in anthropogenic herbs (Asteraceae, Asphodelus,
Papaver, Plantago) and a slight increase in shrub pollen taxa (heaths,
Cistus), giving rise to an open woodlands landscape (Fig. 4). The
decline of P. sylvestris forest is linked to human impact because it
coincides with other features: i) local grazing (Sordariaceae), ii) the
first appearance of Cerealia-type pollen, iii) a small peak in the
charcoal record (Fig. 5). At this time, climate was dry as reflected by
the disappearance of HdV-Type 128 (an indicator of open fresh
water), a considerable increase of Zygnemataceae (characteristic of
shallow, stagnant temperate waters), and the substantial presence
of xerophytic taxa (Helianthemum, Artemisia). The timing of this
opening of the forest canopy bears a close similarity to the wood-
land history of several other pollen records in the lowlands of the
Guadarrama Range, such as Arroyo de la Hoz (1020 m asl) where
Cerealia-type pollen is detected ca. 3000e2600 cal BC coinciding
with a maximum peak of microcharcoals and grazing indicators;
and Cueva de la Buena Pinta (1114 m asl) with high values of
anthropogenic taxa and a decrease of the arboreal cover (Quercus
ilex-type) ca. 3000e2500 cal BC. Even this similarity is confirmed in
high-altitude pollen records such as Peñalara (w2000 m asl),
where heliophilous taxa (Betula) and grazing indicators show
noticeable values and Olea pollen is present ca. 2900e2500 cal BC.
There is also a similar pattern in the Ayllón Range: the Pelagallinas
record (1340 m asl) shows high values of anthropozoogenous taxa
and Cerealia-type pollen ca. 2700e2300 cal BC (Fig. 4).

The existence of a dehesa landscape in lowlands and valleys of
the Spanish Central System, from the Middle Neolithic to the end of
the Copper Age (ca. 4500e1900 cal BC) was the outcome of a
planned and rational management of the agroforestry resources, all
of which required a lasting permanence in the area and therefore
involved the progressive sedenterisation of the population, espe-
cially from the Copper Age (Delibes et al., 1995; Blanco-González,
2008). It is also important the fact that woodland-consuming
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copper production was practiced on a small scale in some moun-
tainous areas of the massif (Blasco and Rovira, 1992-1993; Fabián,
1993, 1996; Delibes et al., 1996). Thus, the pollen record from
Cerro de la Cabeza, a site probably related to metallurgical exploi-
tation, is a good example (Quercus ilex-type values <2%). The vast
majority of the known Chalcolithic settlements lie at w1100e
1300m asl, so that it can be assumed that their location is related to
having a visual control of (i) fertile alluvial soils where their agri-
cultural fields are installed, (ii) immediate foothills where their
cattle would breed and (iii) other localised and valuable resources,
i.e. cupriferous ores or flint nodules (Fernández et al., 1997; López-
Sáez et al., 2003b; Fabián, 2006; López-Sáez and López-García,
2006). It seems that the anthropogenic signal is rather of an
extra-local character, as it is visible in all the palynological records
considered, including those from the higher-mountains sites.

In summary, the Chalcolithic period was the climax of a process
of demographic growth favoured by accumulation economy prac-
ticed during the Neolithic (Sherrat, 1981; Vicent, 1995, 1998). In the
sedimentary contexts of both the Duero and the Tagus Basins, as
well as in intramontane valleys in the Spanish Central System, a
fully agrarian character of the landscapes has been demonstrated at
least since the beginning of the 4th millennium cal BC. An increase
in the number of prehistoric settlements is observed during the
Chalcolithic (ca. 3300e1900 cal BC), indicating a substantial in-
crease in the population. This demographic trend is combined with
a more prolonged nature of the settlements and the investment of
some surplus in agricultural infrastructure and strategies of polit-
ical economy, denoted by the occurrence of prestige items and
funerary constructions (Muñoz, 2000; Díaz del Río, 2001; Bueno
et al., 2002, 2005; Fabián, 2006; Blasco et al., 2011).

4.3. A climatic change at the time of the ChalcolithiceEarly Bronze
Age transition (ca. 2350e1800 cal BC)

During the transition from the 3rd to the 2nd millennia cal BC,
the study area was subjected to the effects of a short and abrupt
climate change of extreme aridity, the so-called 4.2 ka cal BP event
(ca. 2350e1850 cal BC) (Magny, 1993, 2004) or Bond event 3 (Bond
et al., 2001), which has been recognized as a marked aridification
phase in the Mediterranean Iberian region (Jalut et al., 2000, 2009;
Carrión et al., 2010). According to Magny et al. (2009), this event is
characterised in the western Mediterranean by a tripartite climatic
oscillation: two phases with wetter conditions (ca. 2350e2150 and
2000e1900 cal BC) bracketed a phase of drier conditions at ca.
2150e2000 cal BC. Their consequences are clearly reflected in both
the archaeological and palynological records during the transitional
period between the end of the Chalcolithic and the onset of the
Early Bronze Age in the Spanish Central System. The final result was
the collapse of the Chalcolithic agrarian landscape ca. 1900 cal BC
and the emergence of a more pastoralist oriented landscape with a
major decline in the number of settlements in the Early Bronze Age
(ca. 2200e1800 cal BC) (Fabián et al., 2006).

Although xerophytic taxa (Artemisia, Olea, Chenopodiaceae,
Helianthemum-type) were abundant during the 3rd millennium cal
BC in the pollen records of the above mentioned Chalcolithic sites
from the Gredos Range, it is true that at the end of this period they
considerably increased. This is clearly detected in the Late Chalco-
lithic levels of the Aldeagordillo pollen record, which lead to infer a
maximum of aridity (w16% of xerophytic taxa versus w9% in the
Early Chalcolithic) ca. 2080 cal BC. In the time frame of this climate
event the abandonment of the traditional Chalcolithic sites placed
in the valley bottoms occurs while new settlements of the Early
Bronze Age were created since ca. 2200 cal BC in highland settings
(Delibes and Fernández, 2000; Fabián, 2006; Blanco-González,
2008). Pollen records from two Early Bronze Age sites located at

high-altitudes (El Picuezo-Sotalvo and Castillo de Cardeñosa),
reflect more humid climatic conditions, inferred by high values of
hydro-hygrophilous taxa and the dominance of open oak forests (Q.
pyrenaica-type) with Pteridium aquilinum, Cistus ladanifer and
heaths, pointing to a readjustment towards forestry and livestock
management strategies of the landscapes.

It is interesting to highlight the location chosen by these first
communities of the Bronze Age, usually in mountainous domains,
and concretely on granitic promontories of conical shape that are
visual references in the landscape, always close to the presence of
water (Jimeno,1988; Fabián,1995, 2006; Blanco-González, 2008). It
is possible that these sites had some symbolic nature, as landmarks
within landscapes of livestock vocation (Samaniego,1999) occupied
by small groups following seasonal cycles of trasterminance, i.e.
short distance movements from valley to hilltop pastures (Blanco-
González, 2008). Livestock, in these new settlements, seems to
constitute the essential basis of subsistence (Harrison, 1994), as
indicated by the abundance of anthropozoogenous taxa and
coprophilous fungi, and the absence of cereal pollen grains, in the
pollen records of the above mentioned sites. Paleodiet analyses
have shown that the dietary pattern of Chalcolithic communities
was based on a range of vegetables andmeat options, while those of
the Early Bronze Age exhibited a less varied trend more dependent
on meat (Trancho et al., 1996).

Someevidence of the 4.2 ka cal BP event also seems tobe found in
the pollen records of Arroyo de la Hoz, Peñalara, Pepe Hernando,
Abrigo de Navalmaíllo, Rascafría and Pelagallinas (Guadarrama and
Ayllón Ranges), Hoyos del Espino, Baterna and Riatas (Gredos
Range), Peña Negra, Garganta del Trampal, Cuerpo de Hombre and
Dehesa de Navamuño (Béjar Range), and finally, Puerto de Santa
Clara (Gata Range), usually indicated by increases in Cytisus/Genista-
type and Pinus percentages and decreasing levels of Betula in high-
altitude sites, while xerophytic taxa (Helianthemum-type, Cheno-
podiaceae, Artemisia), heaths and evergreen oaks extend at the
expense ofwet grasslands (Cyperaceae) at low-altitude sites (Fig. 4).
The pollen records of Dehesa de Navamuño and Peña Negra, at high
and low-altitudes respectively, are two very good examples of these
facts. In all pollen records at both low and high-altitudes in the
Spanish Central System, a very significant reduction in anthropo-
genic taxa (except a few weak peaks of secondary anthropogenic
indicators such as Plantago lanceolata-type, Polygonum aviculare-
type, Cichorioideae and Urtica dioica-type) occurred ca. 2000e
1750 cal BC, as well as a general decrease in the charcoal concen-
tration record (Fig. 5), when it is available.

4.4. A new way of life in the Late Bronze AgeeEarly Iron Age
transition (ca. 1800e400 cal BC)

Middle and Late Bronze Age (ca.1800e1150 cal BC) communities
from Central Iberia would be characterized as small kinship groups
living in ephemeral homesteads, concentrated in the same agrarian
landscapes of preceding Neolithic groups with a clear preference
for fertile soils in valleys and lowlands (w700e1000 m asl), and a
dispersed settlement pattern with certain degree of seasonal
mobility (Harrison, 1994; Fernández-Posse, 1998; Muñoz, 2000;
Blanco-González, 2008, 2010). Only a few poorly understood sites
were located above w1200 m asl. The end of the Bronze Age in the
Spanish Central System occurred at ca. 1150 cal BC. In the Gredos
Range, the spread of Bronze Age settlements was influenced by a
low phreatic level, in a semi-permanent lifestyle of small house-
hold communities practicing a cyclical agriculture and livestock
husbandry (López-Sáez and Blanco-González, 2005). In western
areas of the Spanish Central System, the pollen sequence from the
Late Bronze Age site of Castil de Cabras (1046 m asl, Francia Range)
indicates a well-preserved forested landscape with both evergreen
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and deciduous oaks, Castanea, Pistacia terebinthus, Arbutus, and
Viburnum, low values of anthropogenic and grazing indicators, and
Cerealia-type pollen (w3e4%) ca. 1300e1150 cal BC. A similar pic-
ture is found both in low and high-altitude sites from the Gata,
Béjar and Francia Ranges, with birch and pine forests in the high-
lands (Cuerpo de Hombre, El Quemal-Candelario, La Covatilla,
Dehesa de Navamuño, Garganta del Trampal), and oak, birch and
hazel forests in lowlands (Puerto de Santa Clara, Jerte, Peña Negra,
El Maíllo).

The vernacular and long-lasting ways of life characteristic of the
Bronze Age societies collapsed in the last centuries of the 2nd
millennium cal BC and the traditional patterns of occupation and
exploitation of the environment were substituted by new schemes
during a short transitory period known as the Bronze-to-Iron
transition (ca. 1100e900 cal BC). Guaya and La Viña archaeolog-
ical sites (Gredos Range) are dated to the Bronze-to-Iron transition,
and their pollen records show a deforested landscape under warm
and dry climatic conditions (high values of xerophytic taxa and
absence of hygrophytes), evidence of agriculture (Cerealia-type
>5%) and cattle raising (Plantago lanceolata-type, Sordaria). The
Early Iron Age (ca. 850e400 cal BC) in the Spanish Central System is
characterised by the concurrence of important demographical,
technological, socio-political and environmental factors. Thus, the
1st millennium cal BC exhibits a sustained trend of rising popula-
tion (Fernández-Posse, 1998; Blanco-González and Fabián, 2005;
Blanco-González, 2010). This is shown by the increasing amount
of settlements, the nature of the sites themselves, which are the
outcome of processes of demographic aggregation. There is also
evidence of clear expansive dynamics towards the highland regions
in Central Iberia (Blanco-González, 2010).

From ca. 950 cal BC onwards it has been recognised a gradual
process of economic intensification, due to the introduction of
know-how and devices from the southern Iberian societies. These
features represented a substantial improvement in the agricultural
techniques among the local communities, such as the use of the
light plough and the implementation of more sustainable strategies
of cultivation, i.e. the fallow agriculture and the regeneration of soil
nutrients with growing of legumes such as the bean (Vicia faba)
(Álvarez-Sanchís, 1999, 2000). From the point of view of the social
organization, the archaeological evidence for the Early Iron Age
allows to acknowledge the emergence of the first nucleated and
long-lasting permanent villages e very often on hilltop locations e
along with the persistence of small isolated farmsteads in the more
fertile lowlands. The inception of this phenomenon occurs in the
first centuries of the 1st millennium cal BC and by ca. 700 cal BC it is
widely spread and fully consolidated. The dispersed familiar
homesteads archetypical of the Bronze Age societies are now
replaced by stable, sedentary and self-sufficient villages formed by
the aggregation of numerous families, occasionally with over 200
inhabitants. Some of these sites are surrounded by ditches and
ramparts, and therefore they constitute the early hill forts in the
region (Álvarez-Sanchís, 2000; Blanco-González, 2010).

The onset of the Iron Age in the region has been linked to the so-
called 2.8 ka cal BP event (López-Sáez and Blanco-González, 2005;
López-Sáez et al., 2009a), an abrupt and short climatic change on a
global scale which occurred ca. 850e760 cal BC (van Geel et al.,
1998; van Geel and Berglund, 2000). The rather humid period
around ca. 850e760 cal BC, corresponding to Bond event 2 (Bond
et al., 2001), was contemporary with the Late Bronze AgeeEarly
Iron Age transition in the Spanish Central System, and represents
the evolution from warm and dry conditions to wetter and colder
ones. The new climatic conditions were responsible for a significant
raise in the flow of the main rivers and also affect the subsoil water
level, which had direct consequences on the agricultural practices
(López-Sáez and Blanco-González, 2005). Pollen sequences from

both high (Hoyos del Espino, Narrillos del Rebollar) and low-
altitude peat-bogs (Baterna, Riatas) in the Gredos Range show
how the increasing rainfall caused a higher environmental hu-
midity ca. 900e850 cal BC, triggering the decline of high-mountain
pine forests and increases of wetlands and anthropozoogenous
taxa. In the lowlands there was a decrease of evergreen oak forests,
wild olive, and xerophytic grasses, while deciduous oak forests and
riparian taxa developed. High values of Cerealia-type pollen as well
as grazing indicators have been documented in the Narrillos del
Rebollar record (1560 m asl) at this time. Since ca. 850e700 cal BC,
the pollen record from the Early Iron Age site of La Corona (1288 m
asl; Francia Range), show a decrease of the arboreal cover and a rise
of shrublands, anthropogenic indicators and coprophilous fungi,
associated with a summer pastoral land use of high-mountain en-
vironments (Fig. 4). On the other hand, in the lowlands, Corylus
increase its values in Peña Negra (Béjar Range) thanks to its pioneer
role, indicating continuous deforestation and intensification of
farming and human impact (Cerealia-type w2% and first appear-
ance of Secale). The wetter conditions of this period are character-
ized by increased values of Cyperaceae and by the drop in the
percentages of P. sylvestris-type, a species better adapted to more
continental climatic conditions. Ultimately, the Bronze AgeeIron
Age transition did not occur abruptly, but there was a clear conti-
nuity in land use patterns.

The 2.8 ka cal BP event is poorly recorded in the Guadarrama
Range, because a sedimentary hiatus is documented in most of the
pollen sequences from high-altitude sites or many of them start
later. In high-altitude pollen records, such as Peñalara or Pepe
Hernando, ca. 900e800 cal BC birch-pine forests decreases and
hazel levels increase. In the Lozoya-Paular valley, the Rascafría
pollen record shows a decrease of pine values at this time and the
rise of anthropogenic indicators including Cerealia-type. By
contrast, the valleys of the Ayllón Range (900e1000 m asl) were
relatively more densely inhabited than other areas of the massif
during the Bronze Age, with a certain population stability around a
series of settlements which seems to indicate a dominant trend to
the population concentration (López-Ambite, 2003). However, the
pollen record of Pelagallinas only shows a big maximum in the
charcoal concentration curve ca. 950e650 cal BC (Fig. 5). Following
this period of higher fire activity, Pinus is replaced by Betula ca.
550 cal BC and the pollen record does not show any increases in
anthropogenic indicators (only small peaks from Plantago lanceo-
lata and Cirsium) and heaths nor clear signs of deforestation around
the site. Although these facts might be related to the first shepherds
of the Early Iron Age in these mountains, the scarcity of anthro-
pogenic indicators not allow these directly relate to fire activity.

4.5. The emergence of oppida and the Celtic society (ca. 400e
50 cal BC)

By the time the Romans got to Central Iberia, different Celtic
ethnic groups inhabited the Spanish Central System. The western
part of this mountainous system was included in the Vettonia
(Álvarez-Sanchís, 1999, 2000) whereas the eastern highlands
constituted the Carpetania region (Abascal and González, 2007).
There are several striking features which characterize a distinctive
stage within the Iron Age in the study area up to the Roman
conquest and effective administrative organisation of the region ca.
50 cal BC. The so-called Late Iron Age (ca. 400e50 cal BC) can thus
be regarded as the subsequent culmination of the several processes
inaugurated in the Early Iron Age (Álvarez-Sanchís, 2000, 2005).
From ca. 400 cal BC onwards, we can state a series of significant
trends, that precipitated in the last two centuries cal BC: i) amarked
decrease in the number of settlements, with the disappearance of
the open air farmsteads in lowland regions; ii) the strong
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nucleation of the populations within a few large hill forts, some of
them transformed into proto-urban centres or oppida ca. 150e
50 cal BC; iii) the spread of new funerary rituals, with the gener-
alised adoption of the cremation of the dead; iv) the introduction of
key technological improvements, such as the potter’s wheel, the
rotary quern, as well as the widespread use of iron implements,
including tools and weapons, and, v) a marked social hierarchical
organisation, with the emergence of an elite of warriors, the
probable owners of the land e conspicuously delimited by
zoomorphic sculptures acting as landmarks e (Fernández-Posse,
1998; Álvarez-Sanchís, 1999, 2000, 2005).

In the Gredos, Gata and Béjar Ranges, within the Vettonian re-
gion, pollen records from low (Lanzahíta, Peña Negra, Puerto de
Santa Clara) and high-altitude (Puerto de Serranillos, Hoyos del
Espino, Navarredonda, Narrillos del Rebollar, Cuerpo de Hombre,
Presa del Duque, Garganta del Trampal) peat-bogs, show the
presence of a well-developed pine or pine-birch forest in the
highlands; and Pinus pinaster (Gredos Range), deciduous oaks-
hazel (Béjar Range), or alderebirch (Gata Range) forests in the
lowlands (Fig. 4). Despite the dominance of forests at this time,
there is some evidence of anthropogenic activities linked to grazing
and localized agriculture. By contrast, the pollen sequences from
archaeological sites characterized as hill forts (El Raso, Las Cogotas,
and Mesa de Miranda) or an oppidum (Ulaca), in the Gredos Range,
document intense deforestation caused by human pressure. They
all are located in mountain foothills (w1100 m asl), where the
palynological data show the sparse presence of forest in the vicinity
of the sites. Their pollen diagrams show the great extensions of
grazing pastures, ruderal and anthropogenic taxa, as well as the
identification of cereal pollen.

Within the Carpetanian region (Guadarrama and Ayllón ranges),
both low (Arroyo de la Hoz) and high-altitude (Navacerrada,
Peñalara, Puerto de la Morcuera, Peña de la Morcuera, Pepe Her-
nando, Puerto de Canencia, Pico del Lobo, Pelagallinas) pollen re-
cords show again a well-developed pine or pine-birch forest in the
highlands and evergreen and deciduous oaks in the lowlands, with
low percentages of anthropogenic pollen indicators (Fig. 4). How-
ever, in the Lozoya-Paular valley (Guadarrama Range), the pollen
records from Rascafría and Collado del Berrueco demonstrate a
relatively deforested landscape, with a low tree cover (<20%) and
the proliferation of ruderal and anthropozoogenous taxa (Aster-
type, Cichorioideae, Plantago lanceolata-type, Urtica dioica-type) as
well as shrublands (Erica, Cistus). However, these pollen sequences
do not demonstrate a high pastoral pressure, since coprophilous
fungi are absent while cyanobacteria (Rivularia-type) and other
indicators of oligotrophic conditions appear continuously (van
Geel, 1978; López-Sáez et al., 1998; Ruiz-Zapata et al., 2006a;
Gómez-González et al., 2008).

Easternmost pollen sequence from Somolinos (Pela Range)
shows also the presence of a well-developed pine forest (w50%),
accompanied by evergreen and deciduous oaks, with low repre-
sentation of herbs and an increase in anthropogenic pollen in-
dicators values since ca. 400 cal BC. The identification of Cerealia-
type and Secale is an evidence of economic productive activities in
this area, as well as coprophilous fungi ascospores (Sporormiella,
Sordaria), indicating the presence of crops and some local grazing
activities.

4.6. Landscape management during Roman rulership (ca. 50 cal
BCecal AD 450)

The first fights between the indigenous peoples and the Roman
army started in 193 BC, with decisive advances during the wars of
conquest (155e133 BC), but the hostilities remained till the cam-
paigns of Caesar (61e60 BC) when the definitive pacification of the

region was achieved. Only from 50 cal BC it is archaeologically
evident the incorporation of the study area under the Roman
rulership, as shown by facts such as the presence of later Repub-
lican imported commodities, coins or utensils in some of the later
pre-Roman hill forts, i.e. El Raso, and in the earlier cities, i.e. Avela
(modern-day Ávila). The main organization of the Roman coun-
tryside in the Lusitanian province was developed ca. 50 AD under
the Flavian dynasty, and consisted in the agrarian colonization of
the more fertile lands through a web of dispersed sites and the
foundation of the earlier villae in these lowland landscapes (Blanco-
González et al., 2009).

This period is characterized by increasing temperatures and
three phases regarding to rainfall are reported by high-resolution
pollen analyses of lakes both in south-east Iberia and the Pela
Range (eastern Spanish Central System) (Martín-Puertas et al.,
2008; Currás et al., 2012): i) a humid initial phase until 190 cal
BC; ii) an arid interval from 190 cal BC to cal AD 150; and, iii) a
humid phase parallel to the decline of the Roman Empire cal AD
150e350. Generally, the intensification of human pressure it is also
distinctive, with the pre-eminence of agricultural activities against
livestock farming (Álvarez-Sanchís, 1999), so a greater impact
should be expected on lowlands than on montane areas (Sánchez-
Palencia et al., 2003). The population gathers in urban centres and
the development of a strong network permits livestock long-
distance movements (Gómez-Pantoja, 2004). In the Late Roman
Period (cal AD 250e450) a significant change occurs, resulting in an
increasing drive of villae, which implies a further intensification of
farming, especially in some montane areas (Blanco-González et al.,
2009).

Pollen diagrams show this higher intensity of humanpressure in
low-altitude deposits around the western-central areas of the
massif, such as Fuente de la Mora and El Maíllo on the northern
slopes, or Jerte, Herguijuela, Lanzahíta, Puerto de Santa Clara and
Peña Negra on the southern ones, some of them likely related to
gold mining, especially in the western part (Sánchez-Palencia et al.,
2003). Archaeological sites like Mata del Castillo, Laguna de los
Casares and El Vergel II provide much evidence of cereal cropping
and high grazing pressure in lowlands. It is noteworthy the wide
cover of Juglans in Fuente de la Mora in the Francia Range. Arboreal
pollen reaches its minimum values eastwards in Rascafría, Arroyo
de la Hoz, Collado de El Berrueco and Cueva de la Buena Pinta
(Guadarrama Range), Pelagallinas (Ayllón Range) and Somolinos
(Pela Range) pollen records, pointing to pinewoods deforestation
probably due to the use of timber for construction or as fuel,
without ruling out mining activities at neighboring sites. It is also
noteworthy the high levels of Cerealia-type and Secale cereale pol-
len in Somolinos, where can be highlighted the greatest human
impact during this period in the whole of the Spanish Central
System (Fig. 4). This is probably related to the existence of large
urban centres such as Complutum or Duratón, or many small vil-
lages and farming communities that are especially abundant in the
eastern massif (Guadarrama and Pela Ranges) but much rarer
westwards (Gredos and Béjar Ranges). The pollen record from the
Dehesa de la Oliva Roman site also provides evidence of a highly
deforested landscape and cereal and olive cultivation.

In high-altitude deposits (w1400e2000 m asl) from the Béjar
Range, pine pollen records its minimum values while grasslands
and heathlands spread, as shown by the pollen sequences of Gar-
ganta del Trampal, Dehesa de Navamuño, Garganta de la Solana,
Barreza de las Corzas, El Quemal-Candelario, La Covatilla, Cuerpo de
Hombre and Presa del Duque, linked to livestock intensification and
the extension of tree crops, without excluding the impact of mining
activities in the lowlands. In contrast, in the Gredos Range the
landscape appears scarcely altered by human activities in high-
altitude deposits (w1400e1700 m asl) such as La Serrota, Prado
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de las Zorras, Puerto de Chía, Puerto de la Peña Negra, Hoyos del
Espino, Navarredonda, Navalguijo, Puerto de Serranillos, Los Con-
ventos, Garganta de las Pozas, Narrillos del Rebollar or Garganta de
los Caballeros (Fig. 4). During this time, the Gredos Range was only
an access route, and the area was a marginal territory sparsely
populated due to its inhospitable character for the development of
urban centres (Mariné, 1995).

The situation is completely different in some high-altitude
pollen records from the Guadarrama Range such as Loma de
Peñas Crecientes, Pepe Hernando and Peñalara, and even in the
Ayllón Range (Pelagallinas), inwhich ca.100 cal BCecal AD 450 pine
forests are highly deforested and anthropogenic pollen indicators
show high values (Fig. 4). Other deposits, such as Navacerrada,
Puerto de la Morcuera, Puerto de Canencia, Peña de la Morcuera
and Lagunillas remain unaltered. Grazing pressure located only in
some mountainous areas, related to the passage of the Roman road
“XXIV” (Fuenfría pass) through the Guadarrama Range (Moreno
et al., 2004), could explain such differences.

However, all of high-altitude pollen records show thementioned
farming intensification during Late Roman Period, resulting in a
broader livestock pressure and a rise of pollen percentages of
different crops. Castanea and Olea curves get continuous during this
moment in almost all cases (Fig. 4), with a wider extent of sweet
chestnut westwards and olive tree eastwards, likely related to cli-
matic patterns (Janssen, 1994; Atienza, 1996; López-Sáez et al.,
1996). Cereal levels also increase, but the long distance to the
most suitable places for its cultivation prevents a stronger signal in
most of these montane deposits.

Beyond the spread of grasslands to supply the increasing live-
stock density, the Spanish Central System acted as a passage area of
herds through the communication network developed by Romans,
who provide the first evidence of livestock long-distance move-
ments (Gómez-Pantoja, 2004). In this sense, the Peña Negra pollen
record shows clearly the transition from the land use during the
early phases of the Roman Period, when the Béjar Range would
have been a secondary cattle transfer zone, to a more intensive
model during the Late Roman Period, with high values of
coprophilous fungal spores, indicating a further development of
livestock grazing. It is also noteworthy the light expansion of
Quercus ilex and Q. pyrenaica forests favoured by the increasing
temperatures and the repeated use of fire, and the increase of
charcoal accumulation rates in most of the deposits (Fig. 5) during
this period.

4.7. The deep transformation of high-mountain landscapes in the
Middle Ages (cal AD 450e1450)

4.7.1. Early Middle Ages (cal AD 450e1100)
The Visigothic kingdom (cal AD 450e711) that evolved in His-

pania after the Late Roman Empire was based on subsistence
farming, and the fall of international trade eased the pressure on
forest resources (Valbuena-Carabaña et al., 2010). However, cli-
matic conditions changed strikingly with the onset of Early Medi-
eval Cold Episode (cal AD 450e950), marked by lower
temperatures and greater aridity (Desprat et al., 2003; Martín-
Puertas et al., 2008). This climatic change clearly influenced the
vegetation of the Spanish Central System in the Early Middle Ages,
as evidenced in Somolinos pollen record which reports an arid
phase extending from the final decades of the Late Roman Period
until cal AD 700.

Birch forests increase their representation in almost all pollen
records favoured by cold temperatures, possibly indicating a drop
of treeline in high-altitude deposits (Fig. 4). However, also lower
records located at the westernmost area of Spanish Central System
display this spread, like Puerto de Santa Clara or El Maíllo.

Eastwards, in the Presa del Duque record (Béjar Range) the drop of
treeline is featured by pinewoods, which undergo a wide expan-
sion. Forests also recover in the highest-altitude deposits of the
Guadarrama Range such as Navacerrada and Peñalara, and Béjar
Range such as Cuerpo de Hombre, Garganta del Trampal and
Dehesa de Navamuño, these latter with new maxima of birch
pollen.

Nevertheless, the Visigothic Period was a phase of large defor-
estation processes (López-Sáez et al., 2009b; Abel-Schaad, 2012),
especially in montane areas, within a clear livestock-oriented
pattern, although cropping keeps on. Forests were cleared to
obtain new pastures and new lands were brought into cultivation,
in a period of rural habitat proliferation and a land exploitation led
by peasantry (Blanco-González et al., 2009). These forest clearances
weremainly driven bymeans of fire (Fig. 5). This is reported in low-
altitude deposits like El Maíllo, Lanzahíta, Peña Negra, Collado de El
Berrueco, Rascafría and Arroyo de la Hoz, following the trend set by
Romans, butmore strongly in higher ones like Puerto de Serranillos,
Nalvalguijo, Narrillos del Rebollar, Hoyos del Espino and Nav-
arredonda (Gredos Range), Puerto de la Morcuera, Puerto de Can-
encia, Peña de la Morcuera and Lagunillas (Guadarrama Range),
Pelagallinas (Ayllón Range) and Somolinos (Pela Range). This in-
crease is likely related to grazing activities (high values of anthro-
pozoogenous taxa and coprophilous fungi), in order to preserve
upland pastures, but also to bring new lands into cultivation, in a
new expansive dynamic of the farming strategies (Blanco-González
et al., 2009). In this sense, both climatic conditions and the livestock
intensification prevent a further expansion of crops in mountain
areas. Nonetheless some extension of olive and sweet chestnut
groves is detected, especially on southern slopes. The presence of
cereal pollen declines as it would grew at a greater distance in areas
with milder climatic conditions. However, rye (S. cereale), a cereal
better adapted to low temperatures, appears in several sites during
this period, like Ojos Albos or Peña Negra, pointing to the
mentioned increasing human pressure on montane areas.

Until the effective political possession (the so-known Re-
conquest) and colonization of the Spanish Central System by the
northern Christian kingdom ca. 1080 AD, this massif acted as a
borderline between Muslim and Christian powers for several cen-
turies (cal AD 711e1100) (Manzano, 1991). It is also a time of cli-
matic transition, between the above mentioned Early Medieval
Cold Episode and the Late Medieval Warm Episode (cal AD 950e
1350), the latter characterized by similar temperatures to the cur-
rent ones andmoderate rainfall (Desprat et al., 2003), and amarked
dry period from the 9th to 11th centuries cal AD (Martín-Puertas
et al., 1998 Q1). Moreover, severe drought episodes are recorded at the
end of the 9th century on the southern slopes of the Spanish
Central System (García-Oliva, 2007).

At high-altitudes sites (>1400 m asl) in western areas of the
massif (Béjar Range), an initial phase of forest recovery (birch, alder,
deciduous oaks) is recorded cal AD 700e950 in the pollen records
of Garganta del Trampal, Dehesa de Navamuño, Cuerpo de Hombre
and Presa del Duque, as a result of a decline in livestock and farming
activities. At this time, heathlands and grasslands decreased, as
well as anthropozoogenous taxa, and there is no evidence of olive
or sweet chestnut cultivation. Further west the same situation is
documented on the southern slopes of the Gata Range (1000 m asl)
in the Puerto de Santa Clara pollen sequence. Conversely, at low-
altitude sites (w900e1100 m asl) of the Béjar Range (Peña Negra)
grasslands spread again by means of fire (Fig. 5) in order to sustain
the increasing livestock population. Differences between both
slopes are evident in the Francia Range, where El Maíllo northern
record shows the dominance of birch forests, while heathlands are
widely spread on the southern slopes as recorded in La Meseguera
deposit, where Betula pollen appears sporadically. The steeper
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slopes and greater rainfall would have enhanced erosion processes
on this side, which would prevent forests to develop.

A similar picture is documented in the Gredos Range at high-
altitude sites (>1400 m asl) such as Cuerda del Cervunal, Puerto
de las Fuentes, Prado de las Zorras, Hoyos del Espino, Ojos Albos,
Puerto de Chía, Puerto de la Peña Negra, Navarredonda and Puerto
de Serranillos, and even in the Ayllón Range (Pico del Lobo) cal AD
680e1010, where high-mountain pine forests recover (P. sylvestris-
type w50e70%) thanks to cooler and drier climate. There is little
evidence of anthropozoogenous taxa, coprophilous fungi, olive
cultivation and low values of charcoal concentration (Fig. 5). In low-
altitude (w450e600 m asl) pollen records of the southern slopes of
the Gredos Range, such Lanzahíta and Eliza, by contrast, P. pinaster
increase considerably (>60%), as well as Cistus ladanifer, while
anthropogenic taxa, Olea, pyrophilous fungi (Chaetomium) and
charcoal concentration levels (Figs. 4 and 5) decrease cal AD 710e
1120.

By contrast, some high-altitude pollen records from the Gua-
darrama Range, such as Navacerrada or Puerto de la Morcuera,
show the same recovery of pine and birch, while others, such as
Peñalara, Peña de la Morcuera, Lagunillas, Loma de Peñas Cre-
cientes, Hoyos de Pinilla and Pepe Hernando, show a very evident
human impact by both the increase of anthropozoogenous taxa and
the decreasing tree cover. In the Lozoya-Paular valley (Guadarrama
Range), the Rascafría record shows a significant increase of Plantago
lanceolata-type cal AD 800e1000 as well as a decline of tree cover
(pines, deciduous and evergreen oak, ash tree) cal AD 895e1170.

The historical data about this period (cal AD 711e1100) fully
corroborate the presented palynological data. They describe an
economic model based on livestock grazing and small subsistence
crops managed by relatively self-sufficient peasants, in central and
western areas of the Spanish Central System, in a sparsely popu-
lated land (Franco-Moreno, 2005), more dense on mid-altitudes
(w900e1110 m asl) than on valleys or high-altitudes (García-
Oliva, 2007; Blanco-González et al., 2009). In the Guadarrama
Range, in contrast, the settlements were mostly located in the river
valleys, while in the mountain a very large number of watchmen
were built in order to guard the mountain passes (Jiménez and
Rollón, 1987).

After this initial phase of forest recovery, forest clearance is
continuous around the above mentioned high-altitude deposits of
the Gata, Béjar, Gredos and Guadarrama Ranges cal AD 950. This
could be in relation to a seasonal exploitation of these areas, within
a trasterminant-type model. Deposits located at lower altitudes
show a different pattern. Livestock intensification does not involve
a broad clearance of forested areas, neither the use of fire, but even
a recovery of pinewoods and oak forests. This is possible thanks to
pastures management, especially by means of irrigation, in previ-
ously deforested areas, like Peña Negra in the Béjar Range (Abel-
Schaad and López-Sáez, 2013), Rascafría and Arroyo de la Hoz in
the Guadarrama Range, or Pelagallinas in the Ayllón Range.

Fire and grazing indicators provide a bigger signal too, especially
cal AD 1000e1100 (Fig. 5), pointing to a slightly more intense hu-
man pressure, in La Meseguera in the Francia Range, Range, prob-
ably related to the presence of northern Christian settlers. Crops
slightly improve during this phase, helped by the milder climatic
conditions of Late Medieval Warm Episode. Olive and, to a lesser
extent, sweet chestnut groves grew in almost all sites and so did
cereal crops, especially at the transition to the new millennium, as
detected in the deposit of Ojos Albos where both Cerealia-type and
S. cereale increase their percentages.

4.7.2. Feudal Period (cal AD 1100e1450)
From the political Re-conquest and demographic repopulation

of the Spanish Central System by 1080 AD, some of the members of

the urban councils directed a process of intensification of the rural
economy (Monsalvo, 2003; Franco-Moreno, 2004). This trend was
aimed at supplying the urban markets and was based on the
intensification and specialization of livestock husbandry (with
relatively long-distance movements between urban centres at both
sides of the mountain range), cereal crops and olive and wine
production. This period would last until the beginning of Early
Modern Period, at the end of 15th century AD. Climate is still under
the influence of the Late Medieval Warm Episode, a mild phase
which ends with the onset of the Little Ice Age in the mid-14th
century cal AD (cal AD 1350e1450) (Desprat et al., 2003). It is
characterized by the intensification of farming activities, especially
of livestock husbandry. Indeed, this is the ‘golden age’ of La Mesta,
an organization founded in 1273 AD, which provided important
privileges to large livestock owners (Klein, 1990; Anes and García,
1994). Large transhumant herds travelled through the livestock
trails from wintering areas (Barceló, 1984), south of the Spanish
Central System, to the northern summer ranges (Fig. 1). This system
brought serious conflicts between local and foreign farmers,
driving to the establishment of dehesas in a strict sense, as lands
limited to local livestock use (Ezquerra and Gil, 2008).

Almost all pollen diagrams from high-altitude sites of the whole
Spanish Central System show the maximum extent of grasslands
and a clear rise in the levels of livestock indicators (anthro-
pozoogenous taxa) (Fig. 4). These facts are in relation to the use of
montane areas as summer pasturelands to complement the supply
of herds that occupy lowlands the rest of the year, following the
ancient trasterminant-type livestock model. Garganta del Trampal
(Béjar Range), Hoyos del Espino (Gredos Range), Puerto de la
Morcuera and Collado de El Berrueco (Guadarrama Range) pollen
records, are good examples. However, some other pollen diagrams
also indicate the passage of cattle through long-distance trail ports
(Fig. 1), indicated by a lower presence of those livestock indicators,
specifically ascospores of coprophilous fungi such as Sordaria, Cer-
cophora, Podospora, Sporormiella or Cercophora (van Geel, 1978; van
Geel et al., 2003; López-Sáez and López-Merino, 2007), within a
wider frame of increasing human pressure. This could be the case of
Puerto de Santa Clara in the Gata Range or Puerto de Serranillos in
the Gredos Range. In addition, some pollen profiles display certain
abandonment of livestock, which allows forest recovery, mainly of
pinewoods (Fig. 1). This is the case of the pollen records from
Navarredonda and Narrillos del Rebollar in the Gredos Range;
Puerto de Canencia, Peñalara and Navacerrada in the Guadarrama
Range; or Pico del Lobo and Hayedo de Montejo in the Ayllón
Range.

The low-altitude deposit of Lanzahíta in the Gredos Range is a
good example of an area with poor livestock interest. Pinewoods
also recover in Arroyo de la Hoz, in the Guadarrama Range, and in
Pelagallinas in the Ayllón Range, while grasslands and livestock
indicators drop steadily. On the other hand, birch forests reach to
their maximum extent in El Maíllo in the Francia Range. The low
values of Poaceae, the minimum of Erica pollen and the absence of
anthropogenic indicators in this pollen record suggest a continuous
human depopulation.

The use of fire increases (Fig. 5), as shown, for instance, the
maximum values in the Puerto de Serranillos record, becoming the
main driver of landscape change. Previously deforested areas are
also managed in order to allow this broad livestock intensification.
In this context of overall landscape clearance, heathlands reach
their maximum extent, especially on western sector. Eastwards,
from the Béjar Range, broom communities with C. oromediterraneus
and other shrub legumes start their spread to the Ayllón Range,
where heathlands are again dominant. The consolidation of
mountain settlements brings likewise crop intensification. Both a
slight increase of Castanea pollen percentages and a more
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pronounced rise of Olea are detected throughout the mountain
chain (Fig. 4). Cereal, after a significant initial drive, suffers a
continuous decline in these montane areas.

4.8. The last five centuries of human impact in the Modern Period
(cal AD 1450epresent)

4.8.1. Early Modern Period (cal AD 1450e1800)
Climatic conditions at the beginning of Early Modern Period

correspond to Little Ice Age (LIA), which would have started at the
final stages of theMiddle Ages, around cal AD 1350, and lasted until
the mid-19th century cal AD (Desprat et al., 2003; Jalut et al., 2009).
LIA was, in western Europe, a cold interval with an initial drier
phase, until cal AD 1550, and a later and more humid one until the
recent present (Bradley and Jones, 1993; Manrique and Fernández-
Cancio, 2000). The Early Modern Period was a time of overall
agricultural expansion, due to the continuous population growth.
Cereal crops spread on the valleys and subsequently montane areas
suffered a higher livestock density. This increasing livestock
intensification weakens the impact of climatic variables at a
palaeopalynological level. Olive groves gained great relevance,
especially in the 18th century, while sweet chestnut suffered a
serious decline because of a disease (Paniagua, 2004). In the late
18th century new regulations were established with the growing
concern about the scarcity of forest resources (Ezquerra and Gil,
2008), which would have favoured the development of holm oak,
pine or chestnut stands.

Virtually all pollen records show an increase of human pressure
on the study area (Fig. 4). Clearance of forests goes on to obtain
pastures, particularly by local farmers, who keep their herds by
means of trasterminant movements. Only Puerto de Santa Clara
(Gata Range), Navarredonda and Puerto de Serranillos (Gredos
Range) and Pico del Lobo (Ayllón Range) remain as passages for
transhumant livestock, while La Meseguera and El Maíllo (Francia
Range), Peña Negra, Garganta del Trampal, Dehesa de Navamuño
and Presa del Duque (Béjar Range), La Panera (Gredos Range), and
Peñalara (Guadarrama Range), reveal the beginning of local pas-
turelands exploitation (Fig. 6). Cooler climatic conditions are only
inferred by a slight rise of Betula pollen values, as shown in Puerto
de Santa Clara deposit, or in high-altitude profiles of the Béjar
Range. This increase is particularly high in the pollen records of
Peñalara, Cerro Genciana, Puerto de la Morcuera, Puerto de Can-
encia, Pepe Hernando, Loma de Peñas Crecientes, Hoyos de Pinilla,
El Ventoso and El Villar in the Guadarrama Range.

Even those areas that in prior periods had stayed out of livestock
activities, like Lanzahíta in the Gredos Range, Arroyo de la Hoz in
the Guadarrama Range, or Pelagallinas in the Ayllon Range, suffered
their consequences to a greater or lesser extent. Fire reduces the
area occupied by pinewoods, especially in Lanzahíta, with maxima

of livestock indicators. Likewise, dominant birch forests recorded in
El Maíllo, in the Francia Range, start a sharp decline, in spite of
climatic conditions, parallel to the spread of heathlands and
grasslands, pointing to this overall increasing grazing pressure. The
high levels of fire incidence (Fig. 5) favour again the spread of
pyrophilous scrub, especially Cytisus or Cistus communities (Fig. 4).
Pollen diagrams from this period are also characterized by alter-
nating peaks of grasslands and heathlands mediated by the inter-
action between fire recurrences and stocking density, especially in
western areas, like La Meseguera in the Francia Range, or eastern
ones such as San Benito, Martín Muñoz de Ayllón, Hontanares and
Galve de Sorbe in the Ayllón Range.

The establishment of new regulations to promote the spread
and conservation of forests (Ezquerra and Gil, 2008) does not seem
to be effective, as the species involved suffer generally bigger de-
clines than the slight advances attributable to their plantation.
Olive groves are the most developed crop in Early Modern period.
All profiles detect rises in Olea pollen levels, mainly in the 18th
century cal AD. Around this date, a disease affecting sweet chestnut
caused the decline of its culture. However, some pollen records
show an increase of Castanea pollen values e such as Garganta del
Trampal and Dehesa de Navamuño in the Béjar Range, Herguijuela
and La Meseguera in the Francia Range, Hoyos del Espino and
Puerto de Casillas in the Gredos Range, Navacerrada in the Gua-
darrama Range, Pico del Lobo in the Ayllón Rangee likely related to
its cultivation in higher areas, where the impact of the disease
could have been lower. Cereal pollen appears scarcely throughout
pollen diagrams, but its increasing percentages are a new evidence
of the mentioned anthropogenic intensification.

4.8.2. Late Modern Period (cal AD 1800epresent)
The beginning of this period coincides with the final stages of

Little Ice Age, which would have ended at cal AD 1850. From this
date onwards, the average temperature has gradually increased up
to the present, while rainfall has decreased (Desprat et al., 2003;
Jalut et al., 2009). Major political changes in this period will have
influenced on vegetation. The dissolution of La Mesta, after a steady
decline, far from lightening the livestock pressure on montane
areas, caused new clearances to obtain pastures for local farmers
(Terés et al., 1995). The Confiscation Laws led to indiscriminate
felling of oak forests in order to defray the costs of the purchase of
farms (Llorente, 1992). Finally, several Afforestation Plans
completed the landscape transformation with massive pine plan-
tations, which contribute to a broad increase of tree cover, but also
to a rise of the extension and effects of fires, with controversial
results in view of current landscape.

Hence, the Late Modern Period could be considered as a new
period of increasing human influence, not only with regard to
agriculture, but also in relation to forestry. Despite this situation,

Fig. 6. Pollen percentages of tree cover from several records in the Spanish Central System, fromwest to east, at the end of the 18th century (cal AD 1750e1800). Low values (<30%)
indicate summer grazing areas (black), while high values point to the passage of trashumant herds (gray) or to a poor livestock interest (white).
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livestock continues to be the basis of the local economic system in
most of the region. Pollen diagrams show maxima of coprophilous
fungi and anthropozoogenous taxa and the largest extension of
grasslands. By way of illustration, the deposit of El Maíllo registers
the maximum extent of heathlands, grasslands and anthropogenic
indicators in the uppermost samples, after more than 10 millennia
of forest dominance. Only a few records indicate a change of
exploitation towards forestry, such as La Meseguera, also in the
Francia Range, where the intensive pine plantations prevented a
further livestock development until recent decades, when large
fires drove to a new spread of pastures ready for grazing (Fig. 5).
Forestry has also become the main use in Navacerrada in the
Guadarrama Range, a place where the area occupied by pinewoods
has hardly changed over the last 3000 years, and in Pelagallinas in
the Ayllón Range, which shows the maximum percentage of Pinus
pollen in the uppermost samples.

All other records display a higher prevalence of livestock,
although obviously forestry and cropping are also involved (Fig. 4).
The deposit of Puerto de Santa Clara (Gata Range) has become a
pastureland for local farmers, but pinewoods and olive groves ac-
quire greater relevance than before. High-altitude sites of Gredos
and Béjar Ranges remain and even growas summer grasslands, also
with a significant extent of pine plantations and, at lower altitudes,
sweet chestnut and olive groves. Moreover, low-altitude sites in
these ranges, like Peña Negra in the Béjar Range or Lanzahíta in the
Gredos Range show a shared pattern of olive and chestnut crop-
ping, livestock and forestry only altered by repeated fires. Opposite
trends are recorded in Rascafría and Peñalara, both in the Gua-
darrama Range, the former with a greater livestock relevance in the
valley and the latter with a wide expanse of pinewoods in the high-
mountain.

Fire incidence reaches high levels, not only its frequency, but
also its size (Fig. 5). Monospecific pine plantations favour large-
scale fires and dramatic landscape changes. Cytisus and Cistus
communities would have benefited from this situation, as they
reach their largest expansion in almost all records. In this sense, the
high values of Cistus pollen in coprolites collected in Los Torrejones’
Cave are striking and illustrative. Quercus ilex and Q. pyrenaica oak
forests also show a slighter advance, likely related to the felling of
mature forests which prevent a further spread.

The impact on landscape caused by Afforestation Plans has been
much higher in those areas where pinewoods never dominated. By
contrast, their effects have been scarce where they were the main
tree formation over time, especially on the southern slopes of the
Gredos Range, because of a high fire incidence. This highlights the
usefulness of long-term studies to designmanagement strategies of
plant cover.

5. Conclusions

Palynological evidence indicates that highland pines were
dominant in central and eastern areas (Gredos and Guadarrama
Ranges) of the Spanish Central System during the early Holocene
ca. 9000 cal BC until ca. 3000e2500 cal BC, while western areas
(Francia and Béjar Ranges) were dominated by mixed forests of
birches and pines until ca. 3300 cal BC. The marked gradient of
increasing continentality towards the east (or maritime influence
towards the Atlantic Ocean) explains these facts (Franco-Múgica,
2009; Abel-Schaad, 2012).

Palynological and charcoal data records show that vegetation of
the Spanish Central Systemwas highly resilient to fire disturbances
during the early and mid-Holocene. However, when the recurrence
of fire crosses a certain threshold, forests are not able to completely
recover and shrublands and grasslands become dominant (Carrión
et al., 2010; Gil-Romera et al., 2010; Ruiz-Labourdette et al., 2011;

Morales-Molino et al., 2013). In the whole massif this occurred
approximately since 4500 cal BC. The establishment of “cultural
landscapes” during the expansion of earlier metallurgical com-
munities is clearly depicted in pollen diagrams, especially since the
Copper Age, although some evidence of the anthropization process
is already denoted from theMiddle Neolithic period ca. 4500 cal BC,
when a dehesa landscape took shape in lowlands and valleys.
During the Chalcolithic (3300e1900 cal BC) grazing activities
extended towards high-mountains zones, while signs of agriculture
and human occupation are increasingly recorded on foothills and
valleys.

Currently available data support that agriculture was practiced
in the Spanish Central System at the end of the 4th millennium cal
BC (ca. 3300e3000 cal BC) in the lowlands of Amblés and Lozoya
valleys (Gredos and Guadarrama Ranges respectively). However, its
impact on vegetation and landscape seems low until its final
establishment towards the 3rd millennium cal BC with the Chal-
colithic communities, when the first signs of large-scale defores-
tation and a more extensive land use are recorded, due both to a
lasting permanence and the progressive sedenterisation of the
population. From this time onwards, the clearance of forests and
the development of cultivated fields, pastures, meadows and
heathlands took place, with small differences in time and space
depending on natural constraints such as topography, soil and
climate, as well as cultural factors.

During the transition from the Late Chalcolithic to the onset of
the Early Bronze Age (ca. 2350e1800 cal BC), coinciding with the
4.2 ka cal BP dry event, there are almost no traces of anthropogenic
impact on vegetation (neither in charcoal nor in pollen records).
The exceptions are a few weak peaks of anthropozoogenous taxa
and coprophilous fungi, especially in high-altitude sites, pointing to
pasture activities and suggesting subsistence relying on herding
and the presence of fairly nomad groups. The convergence of
diverse factors such as the progressive deforestation of low-altitude
forests during the MiddleeLate Bronze Age (ca. 1800e1150 cal BC),
the likely demographic rise as shown by the increasing number and
size of the Early Iron Age villages (ca. 850e400 cal BC), and the
arrival of a climatic abrupt change towards wetter conditions ca.
850e760 cal BC (2.8 ka cal BP event), could have forced these last
farming communities to leave the traditional strategies of exploit-
ing the valley bottom and move to new territories, such high-
mountain environments, from ca. 850 cal BC, where there were
greater hunting opportunities and better forest potential which
allowed small-scale agriculture. In any case, the effect of this cli-
matic event in this cultural transition was not the same in each
area.

At the time of the Late Iron Age (ca. 400e50 cal BC), anthropic
dynamics had different impact on each consideredmountain range.
Within the Vettonian region (western and central areas of the
Spanish Central System), forests are well-developed both in high-
lands and lowlands areas. Only in the vicinity of archaeological sites
(hill forts) is documented an intense deforestation, showing a so-
cioeconomicmodel deeply rooted in a combination of livestock and
agriculture. A marked decrease in the number of settlements,
mainly located in foothills (w1100 m asl), the strong nucleation of
the population, and the disappearance of the open air farmsteads in
lowland regions could explain these facts. Within the Carpetanian
region (eastern areas of the massif), high-mountain forests are also
well-developed, but lowlands, especially easternmost ones (Pela
Range), demonstrate a phase of socio-cultural change with an in-
crease in the number of settlements, territorial organization and
new land use systems (Currás et al., 2012), resulting in a deforested
landscape with evidence of both grazing and farming activities.

During Roman times (ca. 50 cal BCecal AD 450), large-scale
deforestations resulting in permanent open landscapes which
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characterize the lowlands areas of the Spanish Central System, as a
consequence of the intensification of human activities like crop-
ping, grazing, mining or forestry. However, anthropogenic dy-
namics in the highlands was different in each area of the massif and
was in connection with mining (western areas) or greater settle-
ments (eastern areas), while the Gredos Range (central area) was
hardly altered due to its inaccessibility.

At the beginning of the Middle Ages (cal AD 450e1450), the
intensity of human impact increased notably cal AD 450e700
after the collapse of the Roman system. This is documented by
large deforestation processes at high-altitudes and by a rise of
anthropogenic pollen indicators, within a clear livestock-oriented
pattern, although new lands were brought into cultivation with
the onset of the Early Medieval Cold Episode (cal AD 450e950).
An initial phase of forest recovery (birch, alder and deciduous
oaks in western areas; pine in central and eastern ones) is
recorded in high-mountain environments since cal AD 700e950,
as a result of a decline in livestock and farming activities, while
agro-pastoral pressure increased in low altitudes. Then a new
phase of forest clearance took place in the whole massif cal AD
950e1100, related to trasterminant movements and the milder
weather conditions of the Late Medieval Warm Episode (cal AD
950e1350). In the lowlands livestock intensification did not
involve a broad clearance of forested areas but some diversifica-
tion in crops (rye, olive, sweet chestnut cultivation). After the
Reconquest, the Feudal Period (cal AD 1100e1450) is the time
when the current landscape of the high-mountain areas of the
Spanish Central System originated: heathlands in western and
eastern areas (Gata, Francia, Béjar and Ayllón Ranges) and broom
communities in central ones (Gredos and Guadarrama Ranges).
The intensification of farming activities and livestock husbandry,
the creation of the La Mesta system with transhumant herds
travelling through the livestock trails of these mountains, as well
as the repeated use of fire, led to the extension of grasslands and a
sharp deforestation of many high-mountain areas, mainly related
to their use as summer pasturelands. A few mountainous areas
where grazing is limited, however, recovered their forest cover,
mainly consisting of pinewoods.

The Early Modern Period is marked by a further intensification
of human pressure, not only related to cropping, with a noteworthy
broad expansion of olive groves, but also to livestock husbandry,
which undergoes an overall spread even in those areas with prior
low densities. High fire recurrence is also characteristic in this
period, inducing alternating peaks of grasslands and scrublands in
pollen diagrams. This weakens the impact of climatic variables,
despite this period corresponds to the Little Ice Age, indicated in the
pollen records by slight rises of Betula. Finally, the Late Modern
Period brought major political changes which did not lighten
farming pressure on most montane areas. It could be considered as
a new period of increasing human influence. Livestock continues to
be the main use and the basis of the local economic system in most
of the region, despite recent afforestation plans, mainly made with
pines, have led some areas to forestry. The high fire incidence
promoted growth of Cistus and broom communities throughout the
ridge.
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