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Abstract 
In the southern Duero Basin of central Spain, there are vast areas of aeolian sand sheets and dune fields. A comprehensive survey of the sand quarries in 
this area identified a number of palaeosols in sedimentary sequences. The identification and AMS radiocarbon dating of soil charcoal fragments collected in 
these palaeosols indicate the persistence of Pinus pinaster in this area throughout most of the Holocene. Although potential natural vegetation models have 
usually considered the Pinus pinaster forests in this inland area of artificial origin, soil charcoal analysis provides firm evidence of a natural origin. Our data 
fit perfectly with the pattern of Holocene vegetation development for inland areas of Iberia, which are characterised by stability of pine forests throughout 
the Holocene. Finally, the growing body of palaeobotanical evidence from Iberia (macrofossils and pollen) is contributing to improve our knowledge of P. 
pinaster ecology, showing that this species has been present in most Iberian regions during the Holocene, where it has inhabited areas characterised by a 
very diverse set of climatic and soil conditions. 
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Introduction 
The Iberian Peninsula is an area of great biogeographical impor
tance and interest during the late Quaternary in the western 
Palaearctic context (Carrion and Leroy, 2010). This importance is 
primarily because of the number and significance of glacial refugia 
for temperate and Mediterranean flora in this region during the 
Late Pleistocene (González-Sampériz et al., 2010) and because the 
Holocene patterns of vegetation development are different here 
than in the rest of Europe (Carrión et al., 2010). Within this general 
geographical setting, Iberian inland areas, such as the Duero Basin, 
are of special interest. Palaeoecological information is still scarce 
throughout this area (Carrión et al., 2010; Postigo-Mijarra et al., 
2010), despite the recent publication of several pollen sequences 
(Franco-Mugica et al., 2001, 2005; García-Antón et al., 2011) and 
anthracological studies carried out in archaeological settlements 
(Hernández et al., 2011; López-García et al., 2003). These palaeo
ecological records indicate a truly unique Holocene vegetation his
tory characterised both by the millennial persistence of pinewoods 
as the dominant vegetation type and by the relatively late onset of 
human impacts on the natural environment. 

Major features of the southern edge of the Duero sedimentary 
basin are large areas covered with stabilised dune fields and aeo
lian sand sheets that are currently forested with pine woods domi
nated by Pinus pinaster Aiton (maritime pine) and Pinus pinea L. 
(Calonge, 1998; Ruiz de la Torre, 1996). These pine forests have 
been commonly considered as afforestations with a clear anthropo
genic origin, probably for the purpose of stabilising the dunes 
(Navarro and Valle, 1987). Therefore, the most recent publications 
addressing phytosociology on the Iberian Peninsula consider 

neither P. pinaster nor P. pinea to play a role in well-developed 
forests (Peinado et al, 2008; Rivas Martinez et al, 2001, 2002). 
However, another group of researchers has long claimed that these 
pines are autochthonous in this area (Font Quer, 1954). They have 
also shown the importance of pine forests as the main natural veg
etation type on these aeolian sediments (Calonge, 1987; Gil, 1991) 
based on both historical sources and ecological evidence. Improv
ing our knowledge about the origin of these forest stands is 
especially relevant at present, as European environmental policies 
promote the conservation and restoration of natural forest com
munities. Palaeobotanical research can provide crucial information 
on this subject. 

However, pollen analysis cannot always distinguish which 
particular species of pine produced a pollen signal. Analysis of 
plant macrofossils, such as charcoal fragments, pine needles or 
pinecones, allows specification of the group of pines, or even the 
particular species, that was/were present near the deposition 
site (e.g. Figueiral, 1995; Garcia Alvarez et al., 2009). Thus, 
investigation of charcoal fragments collected at archaeological 
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Figure I . Location of the study sites and other palaeoecological 
sites in the Duero Basin (central Spain). Study sites: I: Martín Muñoz 
de las Posadas (MART);2:Juarros deVoltoya (JUA-VOLT);3: Nava 
de la Asunción (NAV-AS);4 and 5: Mudrián I and 2 (MUD I and 
MUD 2);6:Gomezserracín (GOM);7: Sanchonuño (SANCH);8: 
Pinarejos (PIN). Other palaeoecological sites discussed in the text: 
9:Hontalbilla (HON) (Alcalde etal.,2004); IO:Camporredondo 
(García-Antón et al.,20l I); I I: El Carrizal Lake (Franco-Mugica et 
al., 2005); 12: Pintia (Hernández et al., 201 I); 13: Cueva de la Vaquera 
(López-García et al., 2003); 14: Espinosa de Cerrato (Franco Múgica 
et al.,2001); IS:Tubilla del Lago (García-Amorena et al.,201 I); 16: 
Quintana Redonda (García Antón et al., 1995). 17: River Cega: Pinus 
sylvestris and P. nigra relict stands in the lowlands of the Duero 
Basin.The shaded area labelled as 'Tierra de Pinares' shows the 
approximate location of this region 

sites can reveal the presence of woody taxa growing in relative 
proximity to human settlements. Soil charcoal analysis adds high 
spatial resolution to the taxonomical precision of anthracological 
analysis and, thus, allows the reconstruction of vegetation history 
at a local scale (Carcaillet, 2007; Carcaillet and Thinon, 1996). 
Moreover, the proportions among taxa are not affected by human 
bias when analysing soil charcoal assemblages, allowing to 
faithfully reflect the composition of the burnt vegetation. This 
technique has most commonly been employed to precisely recon
struct Holocene treeline oscillations (Carcaillet, 1998; Carnelli 
et al., 2004; Talon, 2010) and to find out whether the origin of 
certain steppic communities is natural or anthropogenic (Dutoit 
et al., 2009; Henry et al., 2010), thus completing results obtained 
from pollen sequences. 

Preliminary analysis of charcoal specimens from the soils of 
the southern Duero Basin showed the presence of the maritime 
pine in this area c. 1500 cal. yr BP (Alcalde et al., 2004). Simi
larly, Hernández et al. (2011) found an important number of char
coal fragments of P. pinaster and P. pinea in an Iron Age city 
located in the central Duero Basin. These promising results led us 
to carry out a comprehensive study of the soil charcoal in an 
extensive area of the inner Duero Basin. Our main objectives 
were the following: (i) to obtain spatially precise vegetation 
reconstructions from these sandy environments for the Holocene, 
evaluating the long-term persistence of pine forests over exten
sive areas of the southern Duero Basin, (ii) to specify which pine 
species have been growing in this area, improving upon the 
taxonomical accuracy of the existing results from pollen studies, 
and (iii) to examine the significance oí P. pinaster in the Holocene 
landscapes of the Iberian Peninsula. 

Study area 
At the southern edge of the Duero Basin (between the River 
Duero and the foothills of the Guadarrama Mountains), there is a 
region known as Tierra de Pinares (land covered with pine forests), 
where the main features are extensive areas of aeolian sand 
sheets and stabilised dune fields located at an altitude ranging 
from 700 to 900 m a.s.l. (Figure 1). These are the most extensive in 
the Iberian Peninsula and cover approximately 1800 km2 (García-
Hidalgo et al., 2007). The most characteristic aeolian forms are 
sand sheets and simple and compound parabolic dunes. The sand 
sheets cover approximately 1500 km2, and their thickness ranges 
from a few centimetres to 4-5 m (Bernat and Pérez-González, 
2008), whereas the dunes can reach heights of 50-60 m (Bateman 
and Diez-Herrero, 1999). Thermoluminescence dating indicates 
that the main periods of dune formation were c. 13.5-11.5 ka BP, 
during the cold and dry stages of the Younger Dryas, and c. 8 ka 
BP, during the 8.2 ka event (Bateman and Diez-Herrero, 1999; 
Bernat and Pérez-González, 2008). In addition, other periods of 
aeolian activity and dune formation have been recognised between 
5 and 2 ka BP and during the 'Little Ice Age, between 0.5 and 0.2 
ka BP (Bernat and Pérez-González, 2008). 

The present climate in this area is continental Mediterranean, 
with a summer drought lasting for four months. The mean annual 
temperature ranges from 11 to 13°C and the average annual 
rainfall is between 400 and 550 mm. Maritime pine forests are the 
dominant vegetation type in the study area, with mixed stands of 
P. pinaster and P. pinea in places where the winter frosts are less 
severe. The extent of these natural forests was increased greatly 
by afforestation during the last decades of the 19th century AD 
(Cortázar, 1891) and during the AD 1940S (ICONA, 1995) to 
foster resin and pine nut production and to stabilise the dunes. 

Materials and methods 
In the sand sheets and dune fields of Tierra de Pinares, there are 
a high number of quarries where sand is mined, providing verti
cal exposures where it is possible to recognise the stratigraphy of 
these aeolian forms, and consequently they have been widely 
used by geomorphologists to study the origin and evolution of 
the aeolian sand formations (Bateman and Diez-Herrero, 1999; 
Bernat and Pérez-González, 2008; García-Hidalgo et al., 2007). 
This has revealed the presence of palaeosols with a more or less 
developed organic layer (Bernat and Pérez-González, 2008; García-
Hidalgo et al., 2007), where charred material was occasionally 
found (García-Hidalgo et al., 2007). We therefore inspected 26 
exposed sedimentary profiles, where we examined the palaeosols 
and other organic layers for charred material (Figure 2). We then 
picked up with tweezers all the charcoal fragments we could 
distinguish in the palaeosols. Of these 26 profiles, only eight of 
them presented palaeosols with woody charcoal suitable for 
palaeobotanical analysis. The depths and exact locations of the 
13 studied palaeosols are shown in Table 1. 

From all the charcoal fragments collected at the study sites, we 
only analysed those 148 which were longer than 1 mm. The char
coal fragments were manually fractured or cut with a scalpel 
along the three main anatomical sections of the wood (transverse, 
radial and tangential). The anatomical features necessary to iden
tify the woody charcoal samples could be recognised in these sec
tions. The charcoal sections were observed under an incident light 
microscope with differential interference contrast at 50x, 100x, 
200x and 400x magnifications. Taxonomical identification was 
achieved using atlases and keys of wood anatomy (Jacquiot, 
1955; Schweingriiber, 1990; Vernet et al., 2001) and through 
comparison with the wood reference collection in the U.D. 
Botánica of the Forestry School at the Technical University of 
Madrid. In addition, we collected 15 cone scales whose identifi
cation was achieved through comparison with reference material 



Figure 2. Sampling area where part of the charcoal fragments was collected, Pinarejos (Segovia): (a) Arrows point to one of the sampled 
palaeosols (darker layer). Scale bar: I m. (b) The arrow points to a soil charcoal outcrop belonging to a palaeosol. Scale bar: I m. (c) The arrows 
point to two charcoal fragments found in the palaeosol PIN C. Scale bar: I cm 

deposited in the EMMA Herbarium (Forestry School, Technical 
University of Madrid). 

Our preliminary analysis showed that most of the charcoal 
fragments belonged to Mediterranean pines. There are three 
species of Mediterranean pines on the Iberian Peninsula presenting 
wood characterised by cross-fields with oval pinoid pits (radial 
section): P. pinaster, P. pinea and P. halepensis Miller. In P. pinaster 
wood, the radial tracheid walls are commonly and conspicuously 
dentate, whereas those of P. pinea are usually smooth (Figueiral, 
1995; Schweingriiber, 1990). P. halepensis wood has radial tracheid 
walls weakly dentate, with short teeth arranged in an irregular 
pattern (Jacquiot, 1955; Vernet et al., 2001). When the charcoal 
fragments were well preserved, we could usually identify them to 
the species level; otherwise, the fragments were characterised as 
belonging to the Pinus pinaster/pinea group, where P. halepensis 
would be included too. 

Thirteen charcoal fragments from different palaeosols were 
radiocarbon-dated using AMS (one from each palaeosol, except 
for SANCH - site 7 in Figure 1 - where two samples were dated). 
The conventional radiocarbon ages were rounded to the nearest 
decade and then converted to calendar years using the CALIB 
6.0.1 program (Stuiver and Reimer, 1993) and the calibration 
curve INTCAL09 (Reimer et al, 2009). 

Results 
The results of the identification of charcoal fragments are shown 
in Figure 3. All of the identified charcoal fragments belong to the 
genus Pinus, and most of them are P. pinaster type or P. pinaster/ 
pinea group (Figure 4). The radiocarbon dates (Table 1) of 
the charcoal fragments range between 5600 and 350 14C yr BP. 
The absence of taxa other than pine is remarkable, given the 
extensive area (approximately 375 km2) and the wide time span 
considered (Table 1; Figure 5a) 

Discussion 
Taphonomical considerations on soil charcoal 

deposition in sandy environments 

In the sedimentary environment in which the palaeosols devel
oped, the older sediment layers are below the more recent ones. 
This is supported by the radiocarbon dates obtained from different 
organic layers located at different depths of the same sedimentary 
profile (i.e. NAV-AS and PIN, see Table 1). In addition, two char
coal fragments (SANCH Al and SANCH A2) from a single tilted 
palaeosol that were radiocarbon dated, yielded the same age (see 
Table 1), thus supporting the existence of this kind of stratification. 



Table I . Radiocarbon dates obtained from the macroscopic charcoal samples collected from different palaeosols in the Tierra de Pinares area 
(Segovia, central Spain).The numbers preceding the site name are those used in Figure I 

Site 

1 Martín Muñoz de las 
Posadas 

40°S8'3S"N 

4°32'39"W 

870 m a.s.l. 

2Juarros deVoltoya 

4 I ° I ' 2 I " N 

4°3 1 '48"W 

850 m a.s.l. 

3 Nava de la Asunción 

4I°7'34"N 

4°27'2I"W 

820 m a.s.l. 

4 Mudrián 

4I° I3 '8"N 

4°I9'S9"W 

830 m a.s.l. 

5 Mudrián 

4I°I2'S6"N 

4°I9'44"W 

830 m a.s.l. 

6 Gomezserracín 

4I°I7 '20"N 

4°I7'2S"W 

820 m a.s.l. 

7 Sanchonuño 

4I°I8 '38"N 

4° I7 '2 I "W 

820 m a.s.l. 

8 Pinarejos 

4 I ° I 6 ' I I " N 

4°I6'26"W 

830 m a.s.l. 

9 Hontalbillac 

4I°2I '22"N 

4°8'6"W 

850 m a.s.l. 

Layer name 

MART 

JUA-VOLT 

NAV-ASA 

NAV-AS B 

MUD 1 

MUD 2 

GOM 

SANCHAI 

SANCH A2 

PINA 

PIN B 

PINC 

HON 

Depth (cm) 

40 

50 

150 

250 

150 

100 

200 

30 

50 

100 

170 

240 

40 

Taxon 

Pinus pinaster 

Pinus pinaster 

Pinus pinaster 

Pinus pinaster 

Pinus pinaster 

Pinus pinaster 

Pinus gr. pinasterlpinea 

Pinus gr. pinasterlpinea 

Pinus pinaster 

Pinus pinaster0 

Pinus pinaster 

Pinus gr. pinasterlpinea 

Pinus pinaster 

Conventional age 

( l 4Cyr BP) 

2280 ± 30 

2640 ± 40 

2570 ± 30 

3650 ± 40 

650 ± 40 

2150 ±30 

370 ± 30 

1 160 ± 30 

1 150 ±40 

350 ± 40 

4360 ± 40 

5600 ± 40 

1590 ± 100 

Calibrated age 

(cal. yr BP, 2c>)a 

2350-2160 

2850-2720 

2760-2510 

4090-3870 

670-550 

2300-2010 

500-320 

1170-980 

1170-960 

500-300 

5040^1850 

6450-6300 

1700-1290 

Laboratory reference 

CNA-768 

CNA-767 

CNA-771 

P-260001 

P-260004 

CNA-772 

P-260002 

CNA-774 

CNA-773 

P-260003 

CNA-770 

CNA-769 

P-127246 

" Calibrated ages were obtained using CALIB 6.0 software (Stuiver and Reimer, 1993) with the calibration data set INTCAL09 (Reimer et al., 2009). 
b Cone scales. 
cThese results were previously published in Alcalde etal.(2004). 

This finding is of great importance when interpreting the soil 
charcoal record, as the charcoal fragments found in a charcoal 
layer seem to be contemporary. This is not the case in other 
environments where there is a lack of stratification with mixing 
of charcoal fragments of very different ages. This occurs for 
example in alpine and subalpine soils through soil bioturbation, 
tree uprooting and freeze-thaw processes (Carcaillet, 2001, 2007; 
Talon, 2010). 

Long-term stability of Pinus pinaster forests in the Duero Basin 

In this paper, we present the results of a comprehensive soil char
coal study showing that the maritime pine has been present over 
extensive areas of the southern Duero Basin along most of the 
Holocene (see Figures 1, 3). The genus Pinus was the only taxon 
identified. Because the analysed charcoal fragments were always 
longer than 1 mm, it is likely that their origin was very close to the 
deposition site (Clark et al., 1998; Lynch et al., 2004). The exclu
sively local origin, together with the homogeneous environment 
and the limiting conditions for vegetation development that are 

characteristic of sandy soils, may explain the low taxonomic 
diversity. This contrasts markedly with the anthracological record 
for Pintia (Figure 1), a Vaccaean (Iron Age) settlement where 
P. pinaster and the P. pinaster/pinea group were also the dominant 
taxa (Hernández et al., 2011) but the taxonomic richness is 
strikingly higher, probably because of environmental diversity 
(Hernández et al., 2011) and/or to anthropogenic bias (Rubiales 
et al., 2011). 

Dominance of pine forests in this inland Iberian area through
out the Holocene has been previously shown in pollen sequences 
from Espinosa de Cerrato (Franco-Múgica et al., 2001), El Car
rizal (Franco-Múgica et al., 2005; Figure 5b) and Camporredondo 
(García-Antón et al., 2011), where Pinus pollen was dominant for 
the last 10,000 years. On the basis of these sequences, it has been 
suggested that P. pinaster has been the main pine species since c. 
8500-9000 cal. yr BP, following an expansion associated with 
the Holocene climatic amelioration (García-Antón et al., 2011). 
The soil charcoal record for Tierra de Pinares shows that the mari
time pine has been the most widespread species on the dune fields 
and aeolian sand sheets of this region since at least c. 6500 cal. yr 
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Figure 3. Macrofossil diagram showing the results of the analyses carried out on soil charcoal fragments from palaeosols of the Tierra de 
Pinares area.The palaeosols ('layer') are designated according to Table I .The site numbers are the same as used in Figure I. Results from 
Hontalbilla (HON) were already published by Alcalde et al. (2004) 

Figure 4. Photographs showing some of the most characteristic microscopic features of the wood anatomy of P. pinaster, (a) Transverse 
section.Axial tissue without vessels. Large resin canal with thin-walled epithelial cells, (b) Radial section. Cross-fields with 3-4 pinoid pits, 
(c) Radial section. Radial tracheids conspicuously dentate 



(a) 

Age 

Tierra de Pinares 

Q T . í ^ s^ 
##/&//&£? 

(oa. yr BP) j & m f f i m S 

1000 

2000 

3000 

4000 

5000 

6000 

7000 

I 
I I 

T 
J. 

I 

1 

I 

1 I 

I 

I 

I 

I 

(b) El Carrizal Lake 

Age - c¡, 
(calyrBP) ^ ^ 

1000 

2000 

3000 

4000 

5000 

6000 

7000 

8000 

9000 

10000J 25 50 75 100 

% 

Figure 5. Palaeobotanical evidence supporting the long-term persistence and dominance of pines at the southern edge of the Duero Basin, 
(a) AMS radiocarbon dates of soil charcoal from the Tierra de Pinares area.The numbers in brackets following the site names are those of the 
map in Figure I .The ages shown are the 95.4% probability intervals of the calibrated radiocarbon ages obtained using the CALIB 6.0 program 
(Stuiver and Reimer, I 993) and the INTCAL09 curve (Reimer et al., 2009). (b) Pinus and tree pollen curves from the El Carrizal sequence 
(Franco-Múgica et al., 2005).The proportion of pine pollen is high in comparison with the total amount of tree pollen 

BP (Figure 5a), persisting until today. This new palaeobotanical 
evidence joins a small set of P. pinaster charcoal fragments from 
Hontalbilla (Figure 1) with an age 1700-1290 cal. yr BP (Alcalde 
et al., 2004). Data from archaeological sites also support the 
Holocene importance of the maritime pine in this geographical 
framework: P. pinaster charcoal fragments with an age of 
7400-5300 cal. yr BP were recovered from Neolithic levels of the 
Cueva de la Vaquera (Figure 1) (López-García et al., 2003), 
whereas in the Iron Age (2800-2300 cal. yr BP) anthracological 
assemblage of Pintia (Figure 1), this pine species clearly represents 
the most common taxon (Hernández et al., 2011). Finally, the 
available historical record demonstrates considerable economic 
and ecological importance of the pine forests in this region since 
at least the Middle Ages (Calonge, 2003; Gil, 1991, 2008). The 
long-term persistence of these pine forests may be explained by 
the unsuitability of the sandy soils for crop cultivation and animal 

husbandry. Moreover, broadleaved trees are less competitive than 
conifers in continental Mediterranean areas, such as the eastern 
part of the Duero Basin (Costa et al., 1997). 

Phylogeographical studies have also supported an ancient 
presence of the maritime pine in the Duero Basin. The gene pool 
of P. pinaster populations of the Duero Basin is different from that 
of P. pinaster stands from other relatively close areas, which could 
be due to long-term isolation during the Pleistocene (de Lucas 
et al., 2009). Unfortunately, it has not yet been possible to test this 
hypothesis, as there is no fossil evidence of P. pinaster during the 
Late Pleistocene in the Tierra de Pinares. The absence of Late 
Pleistocene sites is probably associated with arid climates. 

Pinus sylvestris L. and Pinus nigra Arnold have also been 
present in the pine forests of the Duero Basin during the Holocene. 
Dominance of these species during the early Holocene has been 
suggested based on regional pollen sequences. From the early- to 



Figure 6. Map showing the main palaeobotanical sites where 
P.pinaster has been identified in Iberia during the Holocene. 
Macrofossil sites:Aand B: Central Portugal, several sites (Figueiral, 
1995); C: Northern Portugal, several sites (Figueiral, 1995; Figueiral 
and Bettencourt, 2004;Tereso, 2009); D:Tierra de Pinares, several 
sites (this study); I: Barreiros (García-Amorena et al., 2007); 2: 
Teleno (Domergue and Herail, 1978); 3: Castillejos II (Rubiales 
et al., 2009); 4: Mora de Rubielos (Richter and Eckstein, 1986); 
5:Yecla (Alcalde et al., 2004); 6: Santa Bárbara (Rodríguez-Ariza, 
2000). Pollen sites: 7: Lanzahíta (López-Sáez et al., 2010); 8: Navarrés 
(Carrión and van Geel, 1999); 9: Siles (Carrión, 2002); 10: El Sabinar 
(Carrión et al., 2004); I I: Cañada de la Cruz (Carrión et al., 2001); 
12: Sierra de Baza (Carrión et al., 2007); I 3: Sierra de Gádor 
(Carrión et al., 2003) 

mid-Holocene transition onwards, these cryophilous pines would 
have been replaced by the maritime pine, a more mesic pine 
(García-Antón et al., 2011). Furthermore, the macrofossil record 
provides evidence of the presence of P. sylvestris andP nigra at 
several low-altitude sites on the eastern edge of the Duero Basin, 
during both the early Holocene (García Antón et al., 1995) and the 
mid to late Holocene (García-Amorena et al., 2011; Roig et al., 
1997). In our study area, the P. sylvestris/nigra type dominates the 
anthracological assemblage of the Cueva de la Vaquera (mid 
Holocene; López-García et al., 2003), it is also present in Hontal-
billa (late Holocene; Alcalde et al., 2004) and is well represented 
in Pintia, an Iron Age settlement (late Holocene; Hernández et al., 
2011). Our soil charcoal data set lacks the Pinus sylvestris/nigra 
type, which is a remarkable difference compared with those sites 
discussed previously. This striking feature of the Tierra de Pinares 
soil charcoal record could be caused by the fact that both the 
Cueva de la Vaquera and Pintia are sites where human inhabitants 
collected the wood over a potentially wide area. This area could 
have included a variety of habitats with different soil properties 
and topographic features, where there would have been sites 
where humidity and/or soil moisture was higher (e.g. north-facing 
slopes, riparian corridors, alluvial plains), allowing the survival of 
this/these pine species. Thus, the relict stands of P. sylvestris and 
P. nigra that currently remain along the River Cega are located at 
the bottom of the valley or on slopes where groundwater discharge 
occurs (Guerra et al., 2006). In contrast, the soil charcoal data pre
sented in this report are of a purely local origin and were collected 
in a completely homogeneous environment. The finding of several 
P. sylvestris/nigra type charcoal fragments in Hontalbilla suggests 
a very localised regional persistence of this taxon until the late 
Holocene at sites other than the relict populations of the River 
Cega and Navazo de los Valsaines (Soriano et al., 2002). 

Our data significantly extend the time period for the Holocene 
presence of P. pinaster in the Duero Basin in an extensive area of 

approximately 375 km2. The presence of the maritime pine in the 
Tierra de Pinares area since at least 6000 cal. yr BP constitutes 
definitive proof of its autochthony, which was previously sug
gested on the basis of palaeobotanical (Franco-Mugica et al., 
2005; García-Antón et al., 2011; Hernández et al., 2011), histori
cal (Calonge, 2003; Gil, 1991, 2008) and geobotanical data (Costa 
et al., 1997; Font Quer, 1954). The evidence contradicts the 
opinion expressed by several phytosociologists who assumed an 
artificial origin (Navarro and Valle, 1987) or a limited importance 
with respect to the 'potential natural vegetation' (Rivas Martinez, 
1987) for these pine forests. 

Pinus pinaster: a 'versatile'species during the Iberian Holocene 

Maritime pine is currently the most widespread conifer on the 
Iberian Peninsula, where it grows in a great diversity of habitats 
and geographical areas (Alia et al., 1996; Costa et al., 1997). Its 
extensive natural distribution area was increased significantly by 
widespread afforestation during the 20th century (Alia et al., 
1996). This is probably the main reason for the widespread 
opinion that exists discounting an important role of P. pinaster 
under 'natural' conditions (e.g. Peinado et al., 2008; Rivas 
Martinez, 1987), despite its dominance in several Iberian natural 
forest stands (Costa et al., 1997). Consequently, the only potential 
vegetation series presenting maritime pine forests as the most 
developed vegetation type (Valle, 2003) is restricted to areas with 
serpentine soils, which are characterised by poor productivity and 
toxicity for plants (Brady et al., 2005). However, the palaeobotani
cal record is helping to clarify the Holocene distribution of 
P. pinaster in Iberia, as well as its importance in Iberian forest 
ecosystems. 

Anthracological investigations from central and northern 
Portugal have shown that the maritime pine has been widespread 
throughout the Holocene (Figueiral, 1995; Figueiral and Betten
court, 2004; Tereso, 2009; Figure 6). There is evidence of a local 
presence even in the River Tagus estuary where García-Amorena 
et al. (2007) reported finding several P. pinaster stumps with an 
age of 7430-7930 cal. yr BP (García-Amorena et al., 2007; 
Figure 6). The anthracological studies suggest that this pine was 
present at many sites throughout Portugal and that it was an 
important species in the landscape, usually accompanied by 
other Mediterranean trees and shrubs (Figueiral, 1995). In this 
geographical framework, P. pinaster has demonstrated ecologi
cal plasticity, as there is Holocene evidence supporting its pres
ence from the Atlantic shoreline to the mountains in the north, 
where its lower abundance could be due to the suitability of these 
areas for deciduous forests (Figueiral, 1995). 

There are other sites in western Iberia where P. pinaster char
coal has been recovered, for instance from the Roman period at 
the foothills of the Teleno Mountains in NW Spain (Domergue 
and Herail, 1978) in an area with acidic and coarse-grained soils 
and a sub-Mediterranean climate. Farther south, Rubiales et al. 
(2009) identified P. pinaster charcoal in the Iron Age archaeologi
cal site of Castillejos II (c. 2200 cal. yr BP) at 550 m a.s.l. Charcoal 
from other plants, such as sclerophyllous Quercus and Cistus 
species, were also abundant. This site is especially interesting 
from a biogeographical point of view because of the presence of 
pines where natural pine is now extremely rare (Rubiales et al., 
2009). There is also macrofossil evidence of P. pinaster in the 
eastern half of Iberia (Figure 6), including sites in the Supra-Med
iterranean (Mora de Rubielos, 3200-3500 cal. yr BP; Richter and 
Eckstein, 1986), Meso-Mediterranean (Yecla, 730-570 cal. yr 
BP; Alcalde et al., 2004) and Thermo-Mediterranean belts (Santa 
Bárbara, Chalcolithic; Rodríguez-Ariza, 2000). 

Several palynologists have distinguished a P. pinaster pollen 
type based on identification criteria provided by Roure (1985) 
and Carrión et al. (2000). Thus, the palynological record suggests 



that the maritime pine has played an important role in the Holocene 
landscapes of several areas of the Betic Ranges (Carrion, 2002; 
Carrion et al, 2001, 2003,2004, 2007), inNavarrés, at the foothills 
of the Iberian Range (Carrion and van Geel, 1999), and on the 
southern slopes of the Gredos Mountains (López-Sáez et al., 
2010). Most of these pollen sequences show that the expansions 
of the maritime pine are synchronous with those of several sclero-
phyllous trees and shrubs, particularly evergreen Quercus species 
(e.g. Carrion, 2002; Carrion and van Geel, 1999). In contrast, the 
sequence from the Gredos Mountains (López-Sáez et al., 2010) 
suggests a clear long-term dominance of P. pinaster, associated 
with an understorey rich in Mediterranean shrubs. In NW Iberia, 
several pollen sequences show a certain presence of P. pinaster 
type throughout the Holocene, but always discontinuously and 
in low percentages (e.g. Muñoz Sobrino et al., 2004; Ramil-Rego 
etal, 1998). 

In summary, the Holocene fossil record on the Iberian Penin
sula shows that the maritime pine has been present in very diverse 
habitats and geographical regions, including some areas where it is 
absent today. Palynological and anthracological records demon
strate that this pine has been commonly associated with Mediter
ranean trees and shrubs. The soil charcoal data from the sandy soils 
of Tierra de Pinares presented in this report provide novel and 
valuable information suggesting that maritime pine forests were 
present throughout the Holocene, thus notably spatially expanding 
its Holocene record. In addition, our data also suggest that Pinus 
pinaster formed pure stands under the limiting conditions of the 
Duero Basin (deep sandy soils and a continental Mediterranean 
climate). These findings complete the vegetation histories based 
on regional pollen sequences both spatially and taxonomically 
(Franco-Mugica et al., 2005; García-Antón et al., 2011), support
ing the local presence of pines over wide areas and detailing the 
particular species that produced at least a portion of the pollen sig
nal. There is a striking difference between the palynological record 
and the soil charcoal record of Tierra de Pinares. The soil charcoal 
only includes pines, whereas the pollen shows woody plants other 
than Pinus. These trees and shrubs could have been present in the 
understorey of the pine forest or growing on more favourable soils 
outside of the dune fields and sand sheets. Additionally, the differ
ence between the records might have been caused by the different 
source areas of the pollen and soil charcoal studies. 

Conclusions 
Our soil charcoal data from palaeosols located in the Tierra de 
Pinares area (southern Duero Basin, central Spain) have provided 
firm evidence on the long-term presence and importance of 
P. pinaster in this extensive area covered with dune fields and 
sand sheets. Consequently, a natural origin of these inland Iberian 
pine forests is supported, and the hypothesis of an artificial origin 
for these forests linked to resin and wood exploitation has been 
proven unlikely. Moreover, our results provide further evidence 
of the persistence of widespread pine forests throughout the Holo
cene in these inland plateaux. The long-term persistence of these 
pine forests at a millennial scale constitutes an original vegetation 
history pattern for the inland areas of Iberia. The unsuitability of 
the sandy soils where these pine forests grow for human activi
ties, such as crop cultivation and animal husbandry would have 
helped the maintenance of these forests until the present. 

The pedoanthracological record described here greatly expands 
the known area of the Holocene presence of the maritime pine on 
the Iberian Peninsula. Increasing fossil evidence (pollen and mac-
rofossils) suggests that this pine species has been widespread in 
Iberia during the last millennia. It would have covered areas with 
diverse climates and soils and coexisted with other Mediterranean 
trees and shrubs. We did not find any taxa other than pines in the 
Tierra de Pinares soil charcoal data set, possibly because of the 

continental Mediterranean climate and the deep sandy soils in this 
region, which are very limiting for the development of hardwood 
species. 
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