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Abstract This paper describes the patterns and processes

of vegetation change and fire history in the Late Holocene

(c. 3,140 cal BP) palaeoecological sequence of El Tiemblo,

in a mountainous area in central Spain (Gredos range,

Spanish Central System), and provides the first Iberian

pollen sequence undertaken within a Castanea sativa-

dominated woodland. These new data reassess not only the

autochthonous nature of the species in the region and in the

Iberian Peninsula, but also the naturalness of well-devel-

oped sweet chestnut forests. The study focuses on anthro-

pogenic dynamics linked both to the effects of livestock

husbandry and the use of fire for forest clearance. With this

aim, non-pollen palynomorphs (coprophilous fungi ascos-

pores) and charcoal accumulation rate are useful indicators

for assessing the increasing role of human influence on

vegetation.

Keywords Chestnut naturalness � Fire history � Pollen
analysis � Anthropogenic dynamics � Gredos range

Introduction

The history of forests in the Mediterranean basin is the

history of forest fragmentation, degradation and eventually

deforestation (Scarascia-Mugnozza et al. 2000), a process

which began in most of Western Europe during the Neo-

lithic. However, the Holocene history of Mediterranean

forests is also a history of temporal natural expansion and

sometimes the maintenance of forest formations that have

remained intact for millennia, so they have been resilient to

multiple climate or anthropogenic impacts that they have

been suffered (Chauchard et al. 2007; Carrión et al. 2010).

The sweet chestnut (Castanea sativa Mill.) is a tree species

that has attracted particular human attention for millennia,

as it has been intensively cultivated for centuries as a

monoculture (coppices and orchards), even at the limits of

its potential range (Pitte 1986). As with many other tree

species, these facts have severely limited differentiation

among natural or introduced populations as well as the

tracing of its original range in the Mediterranean basin and

southern Central European regions (Mattioni et al. 2008),

where currently chestnut forest ecosystems still represent

an important landscape component in the mountainous

regions, covering more than 2.2 million ha (Conedera et al.

2004b; Bounous and Marinoni 2005). In fact, many authors

only consider the presence of this species in these territo-

ries as a result of its intensive cultivation since the Greco-

Roman Age (Scarascia-Mugnozza et al. 2000).

The history of chestnut after the last ice period is not yet

completely clear, although it is likely to have survived in

glacial refugia located in the Mediterranean Peninsulas

(Fineschi et al. 2000; Mattioni et al. 2010). Chestnut woods

occur naturally in the northern part of the Mediterranean

region from the Caspian Sea to the Atlantic Ocean, with

some minor occurrences in Central Europe, North Africa
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and the Caucasus. In Spain, there are a total of c. 84,000 ha

occupied by chestnut forests with four principal areas (Ruiz

de la Torre 2006), north-western Iberia and the Cantabrian

coast, north-eastern (Catalonia), southern Iberia (in some

mountain ranges of Andalusia) and, finally, the central-

western part of the Peninsula (Gredos and Francia ranges,

Tiétar valley). Based on radiocarbon-dated pollen and

macrofossil records, six or seven potential Quaternary

refugia or macroregions of C. sativa have been delimited

(Krebs et al. 2004). From these regions chestnut trees could

have expanded elsewhere and there is no doubt that human

cultures were also supportive (Conedera et al. 2004a, b;

Lauteri et al. 2004; López-Merino et al. 2009a; Mercuri

et al. 2013). Indeed, humans have radically modified and

controlled the distribution of chestnut over thousands of

years in southern Europe, and have long known how to

manage the chestnut in extremely profitable and diversified

ways (Conedera et al. 2004a). The current distribution of

the species in the European continent can only be under-

stood by considering together the complexity of the refugia

during the last glaciation, the subsequent natural processes

and changing environmental conditions (climate change,

natural dispersal, interspecific competition) as well as

human influence (Krebs et al. 2004). In any case, during

some historical periods, the cultivation of the chestnut

became in various regions in Europe so widespread and

indispensable for the survival of mountain populations that

some authors do not hesitate to identify these cultures as

‘chestnut civilizations’ (Krebs et al. 2012). Despite its

extensive distribution and socio-economic role, the history

of the chestnut landscape is little known, both with regard

to its origins and to when and how chestnut cultivation

spread (Conedera et al. 2004a; Di Pasquale et al. 2010).

The native character of the sweet chestnut in the Iberian

Peninsula has long been proposed (Garcı́a-Antón et al.

1990; Carrión 1992; Morla 1996), and palaeobotanical

evidence supporting this consideration has been found in

recent years (Carrión et al. 2003; Krebs et al. 2004; Muñoz-

Sobrino et al. 2004; Garcı́a-Amorena et al. 2007; Gómez-

Orellana et al. 2007; Postigo-Mijarra et al. 2008), demon-

strating the survival of this species throughout the Pleis-

tocene and the Holocene mainly in the north, northwest and

southeast of the Iberian Peninsula (Postigo-Mijarra et al.

2010). Meanwhile, genetic studies performed on chestnut

populations from the Mediterranean basin have shown

(i) the low genotypic variability of this species probably

related to its spreading by humans and (ii) the existence of

refuge areas in the eastern Mediterranean and the north and

northwest of the Iberian Peninsula (Villani et al. 1999;

Fineschi et al. 2000; Mattioni et al. 2008, 2010). However,

except for some perfunctory reference (López-Sáez et al.

1996; Fernández-López and Monteagudo 2010), no refer-

ence is known to the naturalness of C. sativa in central

Spain or the probability of the existence of a refugial zone

in this region, although macroremains of this species have

been documented in some pre-Roman archaeological sites

as both fuelwood and construction elements (López-Sáez

et al. 1991, 2008; Rubiales et al. 2011).

Within the framework of a regional research project on

resilience and vulnerability of mountain ecosystems from

the Spanish Central System, an attempt was made to

examine the natural and anthropogenic causes driving the

vegetation dynamics and exploitation of a small mountain

valley (Yedra gorge). In this article, we provide palyno-

logical data for the last c. 3,140-year vegetation and fire

history of a C. sativa-dominated forest of the Gredos range

in central Spain, inferred from the palynological study of

the peat bog of El Tiemblo. There are several reasons why

this investigation has been considered pertinent: (i) because

the available palaeobotanical data are insufficient to assess

the natural character of the chestnut tree in this part of the

Iberian Peninsula; (ii) to our knowledge, this is the first

pollen record known in the Iberian Peninsula from a small

bog located within a forest dominated by sweet chestnut;

(iii) the presented pollen record spans the last three mil-

lennia, for which gaps in the palaeoecological knowledge

of the region are particularly significant.

Study area

The study area is located in the mountain range of the Sierra

de Gredos, in the central-west subdivision of the Spanish

Central System, in particular in the Iruelas Valley Natural

Reserve, in a territory of 8,828 ha roughly corresponding to

the headwaters of the River Alberche catchment (Fig. 1).

The climate is of a Mediterranean type, warm-temperate

and rainy, with a mean annual precipitation of 1,400 mm

and a mean annual temperature of about 13 �C (Molina-

Moreno 1992; Ninyerola et al. 2005). Such a climate

combined with a predominance of siliceous soils (granites)

is favourable for the presence of the sweet chestnut, which

is now dominant in south-eastern exposures, forming a

continuous chestnut belt between 1,000 and 1,300 m a.s.l. A

limited number of ancient giant chestnut trees—aged over

500 years—have been reported (Génova et al. 2009).

The slopes of the Iruelas valley are characterized by a

mosaic of Quercus pyrenaica stands, dense Pinus pinaster

woodlands and isolated P. nigra trees. Those altitudes over

1,600 m a.s.l. are widely occupied by shrublands, where

brooms such as Cytisus oromediterraneus and Echi-

nospartum barnadesii constitute the main features of the

landscape (Molina-Moreno 1992). Isolated Pinus sylvestris

stands are frequent at altitude, shaping the timberline.

Riparian forests are characterized by Alnus glutinosa, Ul-

mus glabra and Fraxinus angustifolia.

168 Veget Hist Archaeobot (2017) 26:167–182

123



El Tiemblo peat bog (30T 4468565N, 370365E), cov-

ering a surface area of 0.02 ha, is located in the Yedra

gorge (Iruelas Valley Natural Reserve, Gredos range,

province of Ávila, Spanish Central System, central Spain),

within the supramediterranean belt (1,250 m a.s.l.). The

modern vegetation of the peat bog includes Caricetum

carpetanae oligotrophic communities dominated by Carex

nigra, C. echinata, Parnassia palustris and Calluna vul-

garis, and the catchment is mainly covered by several

centuries-old sweet chestnut orchard trees.

Materials and methods

Coring and palynological analysis

A 120-cm core was extracted from El Tiemblo peat bog

with a Russian corer. 60 samples of 1 cm3 were analysed

at intervals of 2 cm. Later, the stratification of the peat

bog sediments was recorded (Table 1) in order to clarify

certain important events in their formation and evolution.

All samples were treated according to the Fægri and

Iversen (1989) method, using Thoulet solution for densi-

metric extraction of pollen and non-pollen microfossils

(Goeury and de Beaulieu 1979), although acetolysis was

not carried out to allow the identification of any contam-

ination by modern pollen. No macrofossils were discerned

throughout the core. Small aliquots of the residues were

mounted in glycerine, sealed with Histolaque and all

recognizable pollen, spores and non-pollen microfossils

were counted under a light microscope using a magnifi-

cation of 9400, until a pollen count of at least 400 was

reached. Ferns, aquatics and NPPs were excluded from the

main pollen sum in order to avoid biases from the local

pollen representation. Pollen grains were identified with

the help of different keys and pollen atlases, such as Fægri

and Iversen (1989), Moore et al. (1991) and Reille (1992),

and the reference collection of the Archaeobiology Lab-

oratory of CSIC (Madrid). Castanea sativa was palyno-

logically discriminated according to van Benthem et al.

(1984) and Pinus pollen differentiation follows Carrión

et al. (2000). Non-pollen palynomorphs (NPPs) were

identified using the nomenclature proposed by van Geel

(2001).

Fig. 1 The study area in the

Gredos range (Spanish Central

System, central Spain) and

location of the fossil record (El

Tiemblo peat bog). Red

represents the modern

distribution of the forest

formations dominated by

Castanea sativa in the Iruelas

valley and surrounding areas

Table 1 Stratigraphy with

indication of depth and

sediment description of El

Tiemblo peat bog following

Aaby and Berglund (1986)

Depth (cm) Sediment description

0–8 Dark brown 10YR 2/2 moderately humified peat with herbaceous detritus: Tb23, Dh2

8–37 Lighter brown 10YR 3/1 moderately humified peat with herbaceous detritus: Tb22, Dh2

37–60 Dark brown 10YR 2/2 peat with silts, sands and some gravel: Tb22, Ld21, Gmin1, Gmaj?

60–120 Dark brown 10YR 2/2 moderately humified peat with herbaceous detritus: Tb23, Dh2
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Pollen concentration (grains cm-3) was estimated by

adding a Lycopodium tablet to each sample (Stockmarr

1971), and these values were divided by deposition time

(year cm-1) to calculate pollen accumulation rate (PAR;

grains cm-2 year-1). Data processing and graphic repre-

sentation of pollen data was performed with the help of the

TILIA and TGView software (Grimm 1992, 2004). The

program IBM SPSS Statistics 21 was used to conduct the

statistical analysis. To establish the zonation of the pollen

sequence, we tested several divisive and agglomerative

methods. Based on the ecological meaning of the obtained

zones, local pollen assemblage zones (LPAZs) were con-

structed on the basis of agglomerative constrained cluster

analysis of incremental sum of squares (CONISS) with

square root transformed percentage data (Grimm 1987).

The number of statistically significant zones was deter-

mined using the broken-stick model (Bennett 1996).

Radiocarbon dating

Nine bulk organic sediment samples were 14C dated using

AMS technique. The AMS dating was conducted at the

Centro Nacional de Aceleradores (CNA) Laboratory of the

University of Sevilla, Junta de Andalucı́a and CSIC. The

dates were calibrated using CALIB 7.1 with the IntCal13

curve (Reimer et al. 2013) (Table 2). An age-depth model

(Fig. 2) was produced using Clam 2.2 software (Blaauw

2010), fitting a smoothing spline to the available radio-

carbon dates. Confidence intervals of the calibrations and

the age-depth model were calculated at 95 % (2r) with

1,000 iterations.

Charcoal analysis

In order to reconstruct local fire history at El Tiemblo peat

bog, macroscopic charcoal ([125 lm) was identified and

Table 2 AMS radiocarbon data

from El Tiemblo peat bog
Lab. code Depth (cm) 14C age (years BP) Calibr. Age, 2r-range

(cal BP) (%)

Estimated

age (cal BP)

CNA-211 7 210 ± 60 0–43 (13.7)

58–325 (79.6)

375–429 (6.7)

192

CNA-185 15 375 ± 40 316–408 (44.6)

421–506 (55.4)

432

CNA-103 29 815 ± 35 680–786 (100) 725

CNA-186 41 1,130 ± 35 961–1,095 (86.3)

1,103–1,148 (9.4)

1,158–1,173 (4.4)

1,031

CNA-546 55 1,425 ± 35 1,289–1,380 (100) 1,327

CNA-551 72 1,875 ± 25 1,733–1,876 (100) 1,825

CNA-540 88 2,290 ± 25 2,184–2,197 (2.9)

2,201–2,233 (12.5)

2,306–2,352 (84.7)

2,330

CNA-097 105 2,675 ± 25 2,750–2,808 (86.1)

2,816–2,844 (13.9)

2,775

CNA-096 120 2,970 ± 30 3,007–3,013 (0.5)

3,027–3,050 (2.4)

3,056–3,229 (97.1)

3,136

Fig. 2 Age-depth model for El Tiemblo peat bog. 95.4 % CI are

represented in grey
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counted from subsamples of 1 cm3 at every 2 cm depth by

sediment sieving. The samples were soaked in a 3 %

sodium metaphosphate solution (72 h) to deflocculate any

particles and then washed through a 125 lm mesh sieve.

Particles [125 lm diameter are not transported far from

their source and thus provide information on local fire

history (Whitlock and Larsen 2001). Charcoal accumula-

tion rate (CHAR) was calculated by sedimentation rate

(cm year-1) and is expressed in particles cm-2 year-1.

Results

Sedimentology

The core taken from El Tiemblo peat bog has a thickness of

120 cm and consists mainly of peat (Table 1). The lowest

60 cm (60–120 cm) of the core are a moderately humified

dark peat with a high concentration of pollen ([400 9 103

grains/cm3) in the lower samples (77–120 cm) compared to

the overlaying sediments (60–77 cm, 115–375 9 103

grains/cm3). The next layer (37–60 cm) consists of 23 cm

of dark peat with silts, some gravel, fine and coarse sands

and also low concentration of pollen (101–259 9 103

grains/cm3). This thin layer gradually transforms into a

37 cm-thick sedge peat that constitutes the uppermost

layers (0–37 cm) with increasing pollen concentration

(214–462 9 103 grains/cm3). The degree of humic

decomposition of the peat is low to medium and fluctuates

between 2 and 3 through the core.

Dating

The results of the AMS-radiocarbon dating are shown in

Table 2 and Fig. 2. The 120 cm basal radiocarbon date is

3,140 cal BP for the onset of peat deposition. The age-depth

model (Fig. 2) is based on nine radiocarbon data points and

shows the variability in accumulation rates of El Tiemblo

peat bog. The peat formation began at c. 3,140 cal BP

(120 cm) with an accumulation rate of about 0.043 cm

year-1. It remained fairly constant (0.042 cm year-1) c.

3,140–2,950 cal BP (120–112 cm), although it declined

progressively throughout the Early Iron Age (c. 3,100–

2,350 cal BP) to 0.038 cm year-1 (110–89 cm). Subse-

quently during the Late Iron Age (c. 2,350–2,000 cal BP)

the accumulation rate declined about 0.033 cm year-1

(89–75 cm), then gradually increased to 0.034 cm year-1

during Roman times (c. 2,000–1,500 cal BP; 75–61 cm).

During the Early Middle Ages (c. 1,500–850 cal BP), peat

accumulation grew to 0.042 cm year-1 until c. 1,090 cal BP

(44 cm) and declined again to 0.036 cm year-1 at the end of

this period. Throughout the Feudal/Christian period (c.

850–500 cal BP) the accumulation rate decreased to near

0.030 cm year-1 and during the Modern period (500 cal BP

to present) the peat bog grows faster at a rate of

0.065 cm year-1.

Vegetation history

The results of identification and counting of pollen grains,

spores and NPPs are presented as a percentage diagram

(Fig. 3). The sequence was divided into six zones. Figure 4

shows CHAR and PAR related to selected pollen and NPP

percentage curves and climatic events.

LPAZ 1 (120–76 cm; c. 3,140–1,915 cal BP)

Castanea sativa percentages are high (31–42 %) indicating

a sweet chestnut forest in the vicinity. Deciduous Quercus

(15–22 %) and evergreen Quercus (2–6 %) show contin-

uous occurrences, while Betula, Corylus, Fraxinus, Ilex,

Pinus pinaster, P. pinea, Salix, Taxus and Ulmus types are

usually low (\5 %). In this zone, oscillations of Alnus

(3–12 %) and Pinus sylvestris/nigra (4–11 %) types are

noticed. The amounts of shrub pollen are between 2–6 %

including Cistus ladanifer, Erica arborea, Genista, Prunus

spinosa, Lonicera and Lamiaceae types. Herbaceous pollen

is between 6 and 9.5 % and PAR very high (418–911 9 103

grains cm-2 year-1). Coprophilous fungi—Sordaria,

Sporormiella—and both anthropozoogenic—Plantago

lanceolata—and anthropogenic pollen taxa—Aster, Car-

dueae, Cichorioideae—show discontinuous and sporadic

presence (\1 %). Macrocharcoal particles are not present.

Alnus (11–12 %), Betula (3 %), Fraxinus (3 %), Ilex (2.7

%), Salix (3 %) and Cyperaceae (17–19 %) show a greater

presence at 106–104 cm (c. 2,780–2,730 cal BP), but Cas-

tanea (33 %) and Pinus sylvestris/nigra (4–5 %) sharply

decline.

LPAZ 2 (76–61 cm; c. 1,915–1,465 cal BP)

In this zone, C. sativa values are always high (34–41 %).

The remaining arboreal pollen taxa keep similar percent-

ages to those of the previous LPAZ 1 zone, except Pinus

pinaster (\2 %) and P. pinea (\1 %) which decrease and

Betula (2.5 %) and Corylus (6 %) which slightly increase.

Olea europaea (0–1 %) is documented for the first time.

Most shrubs and herbs maintain a continuous and signifi-

cant presence throughout, reflecting the increased impor-

tance of the understorey. Anthropogenic (Aster 1–1.5 %,

Cardueae 1–2 %, Cichorioideae 1–3 %) and anthropo-

zoogenic taxa (Plantago lanceolata 0–1 %, Urtica dioica

0–1 %) increase, as do Pteridium aquilinum (1.5–2.5 %)

and coprophilous fungi (Sordaria 0.5–1.2 %, Sporormiella

1.4–2.3 %). Macrocharcoal particles are absent except for

the upper sample (62 cm), where CHAR reaches 2 particles

Veget Hist Archaeobot (2017) 26:167–182 171

123



cm-2 year-1, while PAR sharply decreases (225–375 9

103 grains cm-2 year-1).

LPAZ 3 (61–38 cm; c. 1,465–925 cal BP)

This zone is characterized by oscillations in the C. sativa

pollen curve (between 30.5 and 38 %). Also noteworthy are

the continuous presence of Olea europaea (2–4 %), Alnus,

Corylus, Ilex, Fraxinus and Taxus, and the increases of

Betula (5–8 %), Pinus pinaster, P. pinea and evergreen

Quercus (5–6.5 %). Deciduous Quercus (12–13 %) and

Pinus sylvestris/nigra (3–6 %) pollen types decrease.

Anthropogenic (Aster 2–4 %, Cardueae 2.5–4.2 %,

Cichorioideae 2.5–4.5 %) and anthropozoogenic taxa

(Plantago lanceolata 1–1.5 %, Urtica dioica 1.2–2.5 %),

together with coprophilous fungi (Sordaria 1.5–3.5 %,

Sporormiella 1.4–3.5 %) and Pteridium aquilinum (max-

ima 6.6 %) show a greater presence in LPAZ 3, while

Cyperaceae sharply decline. PAR decreases ranging

between 101 and 158 9 103 grains cm-2 year-1. This zone

is also characterized by rapid accumulation of charcoal

between 60 and 52 cm (CHAR 23–43 particles cm-2

year-1) and 46 and 38 cm (CHAR maxima 22 particles

cm-2 year-1).

LPAZ 4 (38–15 cm; c. 925–430 cal BP)

This zone is characterized by synchronous increases of C.

sativa (34–44.5 %), Alnus (6–9.5 %) and deciduous

Quercus (17–21 %). Betula, Pinus pinaster, P. pinea and

Olea europaea decrease, while evergreen Quercus, Pinus

sylvestris/nigra and other tree taxa remain more or less

constant. Shrub taxa percentages (Erica arborea, Genista)

experience a decreasing tendency, while Cistus ladanifer

continue to be relatively abundant. The trend in CHAR

(17–23 particles cm-2 year-1) corresponds with shifts in

those pollen assemblages (38–34 cm) that have higher

values of anthropogenic taxa (Aster, Cardueae, Cichori-

oideae) and Pteridium aquilinum. Anthropozoogenic types

such as Plantago lanceolata and Urtica dioica continue to

be present. Hydro-hygrophytic elements such as Cyper-

aceae or Ranunculaceae increase. Coprophilous fungi

increase ([5 %) c. 780 cal BP after CHAR maxima in the

bottom samples. PAR oscillates between 232 and 430 9

103 grains cm-2 year-1.

bFig. 3 Percentage pollen diagram for trees, shrubs, herbs, hydro-

hygrophytic taxa, pteridophytes and NPPs of El Tiemblo peat bog

(exaggeration curves are 910)
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LPAZ 5 (15–7 cm; c. 430–195 cal BP)

In this zone increasing levels of C. sativa (37–46 %) are

noticed. Betula, Corylus, Olea europaea, deciduous

Quercus and Pinus sylvestris/nigra decrease, while P.

pinea, Taxus and Cistus ladanifer disappear, and P. pina-

ster increases from 1 to 3 %. Genista, Prunus spinosa and

Lonicera also increase. Cyperaceae attains higher values

(5–8.5 %), and Sordaria (7.5 %), Plantago lanceolata (4.3

%) and Urtica dioica (2.7 %) reach a maximum. Aster,

Cardueae and Cichorioideae remained low (\1 %). PAR

remains relatively stable (246–214 9 103 grains cm-2

year-1) and CHAR values are null.

LPAZ 6 (0–7 cm; c. 195 cal BP–present)

Castanea sativa is at its maximum in this pollen

sequence (48.6 %) but with a decreasing trend. Other

components increase such as Pinus pinaster (7 %),

P. sylvestris/nigra (6.5 %), Taxus and Ilex, while other

arboreal taxa (Alnus, Betula) decrease. Among shrubs,

only Erica arborea, Genista, Prunus spinosa and Lon-

icera show significant values, as well as Cyperaceae

(6–10 %) among the hygrophilic taxa. Coprophilous

fungi and anthropozoogenic taxa are absent. Anthro-

pogenic taxa continue with low values. PAR increases

(296–462 9 103 grains cm-2 year-1) and macrocharcoal

particles are present in low concentrations (CHAR 1–2

particles cm-2 year-1).

Discussion

Pollen representation and representativeness

of the coring site

So far little has been done in modern pollen rain studies to

estimate the percentage representation of chestnut pollen

inside and outside of its forests and in relation to the

topographical variability (e.g. differences between valleys

and mountains). Detailed studies on current pollen rain in

northwestern Iberia (Aira and Barthelemy 1990) show that

(i) Castanea pollen is present basically in valley areas and

it is not documented in elevated ones, and, (ii) inside

chestnut forests, Castanea pollen percentage is high ([20

%), but on the outside is greatly reduced (\5 %). The data

provided by the pollen record from El Tiemblo (Figs. 3, 4),

where Castanea pollen values range from 30.4 to 48.6 %,

Fig. 4 Climatic events, Charcoal accumulation rate (CHAR), pollen accumulation rate (PAR) and selected pollen and NPP percentage diagram

from the palynological record from El Tiemblo plotted against age (cal BP)
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reflect what is stated in the above mentioned research, i.e.

the situation of a valley within a chestnut forest. In fact,

chestnut pollen is absent or appears only sporadically (\5

%) in modern pollen rain samples from topographical and

altitudinal situations other than the pollen record from El

Tiemblo in the Spanish Central System (López-Sáez et al.

2010a, 2013, 2015). This forces us to point out some issues

relating to the representativeness of the site in terms of

pollen source area: (i) the coring site consists of a small

bog of only 0.02 ha; (ii) it is located in a relatively

enclosed river valley; (iii) the pollen record from El

Tiemblo shows a relatively high sweet chestnut cover for

more than three millennia. These data lead us to consider

the coring site as a ‘microsite’ which can only be useful for

local vegetation reconstruction. Therefore, distinguishing

between the local and regional part of a single pollen

assemblage at a sampling site can only be achieved with

modelling approaches, which require that estimates of

pollen productivity are available for the taxa occurring in

the pollen record. Unfortunately, no research on the pollen

source area has so far been conducted in central Spain.

Usually, the scarce and usually sporadic presence of

chestnut in Quaternary pollen records of the Iberian

Peninsula has been interpreted as a result of its regional

distribution, thanks to the medium and long distance

transportation capacity of C. sativa pollen highlighted by

several authors (Peeters and Zoller 1988; Frei 1997; Gar-

cı́a-Mozo et al. 2007). Huntley and Birks (1983) observed

that chestnuts are not great pollen producers and that the

little pollen which chestnuts do produce is poorly dis-

persed, so a value [5 % almost certainly reflects the

widespread occurrence of Castanea woodlands near the

site, while lower values can be regarded as a fairly reliable

indication of the local occurrence of mixed woodland with

some chestnut trees. Consequently, Morales-Molino et al.

(2015) considered a ‘rational limit’ when chestnut pollen

represents[5 % of the pollen spectra, and an ‘empirical

limit’ when a continuous pollen record of C. sativa is

detected even with values below 5 %. Undoubtedly the

pollen record from El Tiemblo reflects the in situ persis-

tence of a dense natural chestnut forest during the last three

millennia. In short, a difficult issue to resolve is the

determination of the origin of chestnut pollen and therefore

of the effective spatial representation of the pollen curves

(Krebs et al. 2004; Conedera et al. 2006).

Chestnut forests linked to anthropic and climate

dynamics and fire occurrence

In the Gredos range the onset of the Iron Age 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 c. 2,800–2,710 cal BP, and which represents the

evolution from warm and dry conditions to wetter and

colder ones (van Geel et al. 1998; van Geel and Berglund

2000). Pollen sequences from both high and low-altitude

peat bogs in the Gredos range show how the increasing

rainfall caused a higher environmental humidity, triggering

the decline of high-mountain pine forests and increases in

riparian trees and wetlands taxa (López-Sáez et al. 2014

and references therein). These facts are well documented in

the pollen record from El Tiemblo c. 2,780–2,730 cal BP

(LPAZ 1) by increased values of Alnus, Betula, Fraxinus,

Ilex, Salix and Cyperaceae, and by the drop in the per-

centages of Castanea and Pinus sylvestris/nigra (Figs. 3,

4). From c. 2,900 cal BP onwards a gradual process of

human presence in mountain environments of the Gredos

range has been recognized, with the emergence of the first

nucleated and long-lasting permanent villages during the

Iron Age along with the persistence of small isolated

farmsteads in the more fertile lowlands (Álvarez-Sanchı́s

2000, 2005). However, no evidence of these facts is doc-

umented in the pollen record from El Tiemblo (Figs. 3, 4),

while in other pollen sequences from this mountain range

percentage increases of anthropogenic pollen taxa and

grazing indicators including coprophilous fungi are often

recorded c. 2,850–2,650 cal BP, and even cereal cultivation,

a decrease in oak forests and higher macrocharcoal con-

centration directly related to fire activity (Franco-Múgica

et al. 1997; Dorado et al. 2001; Abel-Schaad and López-

Sáez 2013). The explanation of the data provided by the

pollen record from El Tiemblo is that the Iruelas Valley

Natural Reserve was not populated throughout the Iron Age

as evidenced by the total lack of archaeological sites of this

period c. 3,100–2,000 cal BP (Mariné 1995).

LPAZ 2 coincides roughly with the Roman period (c.

2,000–1,500 cal BP) in the study area (Figs. 3, 4). Although

the landscape is still dominated by a dense chestnut forest

with patches of deciduous Quercus, Betula and Corylus,

the first clear evidence of human impact is already apparent

in the pollen record from El Tiemblo through slight

increases in anthropogenic and anthropozoogenic taxa,

coprophilous fungi and Pteridium aquilinum, and the first

appearance of the olive tree. In any case, it would be a

residual anthropic pressure as it probably did not involve

the use of fire as an element in deforestation (minimum

values of CHAR). Pollen diagrams from the whole of the

Spanish Central System show a higher intensity of human

pressure during the Roman period in low-altitude deposits

(\1,400 m a.s.l.) (Abel-Schaad et al. 2009b; López-Sáez

et al. 2010b; Abel-Schaad and López-Sáez 2013; Morales-

Molino et al. 2013), usually related to the existence of

small villages and farming communities (López-Merino

et al. 2009b; López-Sáez et al. 2009b). In contrast, the

landscape appears scarcely altered by human activities in
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high-altitude deposits c. 1,400–1,700 m a.s.l. (Atienza

et al. 1990; López-Sáez et al. 2009b). During this time, the

Gredos range was just an access route, and the area was a

marginal territory sparsely populated due to its inhos-

pitable character for the development of urban centres

(López-Merino et al. 2009b). In general, in the Gredos

range Roman presence is not definitively apparent until the

Late Roman period, from the first century AD (c.

1,950–1,850 cal BP) when a significant population increase

is documented (Mariné 1995). During the Roman period

the settlement was concentrated on plains and easily

accessible fertile lands such as river valleys, as their main

interests were agriculture and livestock. For these reasons

most of the Roman settlements (especially villae) were

located north of these mountains (Adaja and Tormes val-

leys), far from the study area (Hernando 2002). The scat-

tered evidence of human impact recorded in the pollen

record from El Tiemblo can be assigned to the aforemen-

tioned settlement model of small villages mainly devoted

to livestock and agriculture. The dense chestnut forest

present in the study area remained unchanged during the

Roman period.

Raw CHAR values usually range between 0 and 2 par-

ticles cm-2 year-1 between c. 3,140 and 1,495 cal BP,

followed by increasing values from c. 1,440 cal BP (Fig. 4).

Maximum values over 20 particles cm-2 year-1 are present

around c. 1,385, 970 and 830 cal BP. This suggests that fire

events were of local origin (Whitlock and Larsen 2001).

Finally, CHAR values drop again during the last millen-

nium (0–2 particles cm-2 year-1). The above mentioned

largely forested landscape dominated for a relatively long

period of low or no fire activity and human impact between

the Iron Age and the Roman period. Notwithstanding this

general trend, a certain forest opening is apparent at c.

1,465–830 cal BP (LPAZ 3 and bottom of LPAZ 4) linked

to local fire activity during the Early Middle Ages (Fig. 4).

This episode is followed by CHAR increases, slight

decreases of chestnut values (to 30 % c. 1,240 and

1,105 cal BP) and by a rapid and remarkable spread of the

olive tree and indicators of human impact (anthropogenic

and anthropozoogenic taxa and coprophilous fungi). At the

same time, a large amount of Pteridium aquilinum spores

occurred suggesting fernland spread, which could be rela-

ted to increasing burning (López-Sáez et al. 2010b).

During the first part of this cultural period, the Visig-

othic period (c. 1,500–1,240 cal BP), a phase of widespread

deforestation processes occurred in the Gredos range,

especially in montane areas, within a clear livestock-ori-

ented pattern (López-Sáez et al. 2009b, 2014). Forests were

cleared to obtain new pastures in a period of rural habitat

proliferation and a land exploitation led by peasantry

(Blanco-González et al. 2009). These forest clearances

were mainly driven by means of fire, as documented in

low-altitude deposits (Lanzahı́ta, Peña Negra) following

the trend set by the Romans, but more intensely in higher

ones like Serranillos, Narrillos del Rebollar, Hoyos del

Espino and Navarredonda (Franco-Múgica et al. 1997;

Dorado et al. 2001; López-Merino et al. 2009b; López-

Sáez et al. 2009b, 2010b; Abel-Schaad and López-Sáez

2013). As in all such pollen sequences, in the pollen record

from El Tiemblo these facts are probably related to grazing

activities (high values of anthropozoogenic taxa and

coprophilous fungi) and fire occurrences (CHAR maximum

c. 1,385 cal BP) (Figs. 3, 4), in order to preserve upland

pastures and extent the olive tree.

Climatic conditions also affected the evolution of veg-

etation, particularly with the onset of the Early Medieval

Cold Episode (c. 1,500–1,000 cal BP), marked by lower

temperatures and greater aridity (Martı́n-Puertas et al.

2008; Blanco-González et al. 2015). This climate change

clearly influenced the vegetation of the Iruelas Valley

Natural Reserve in the Early Middle Ages (Fig. 4), as

evidenced in the pollen record from El Tiemblo, which

reports an arid phase extending from c. 1,440 to 970 cal BP.

As in many pollen records from the Spanish Central Sys-

tem (López-Sáez et al. 2014), this cold episode is docu-

mented in the pollen record from El Tiemblo by a

percentage decrease in Cyperaceae and an increase in

birch, possibly indicating a lowering of the treeline at high

altitude, also demonstrated by the growing at lower alti-

tudes of high-mountain pines (Pinus sylvestris/nigra).

Later, during the Late Medieval Warm Episode (c.

1,000–600 cal BP) temperature increases with moderate

rainfall and severe drought episodes (Desprat et al. 2003;

Martı́n-Puertas et al. 2008; Blanco-González et al. 2015).

This mild episode is reflected in the pollen record from El

Tiemblo by the rise of Alnus, deciduous Quercus, Ranun-

culaceae and Cyperaceae, and the decline of Betula and P.

sylvestris/nigra, better adapted to cold and continental

conditions.

During the post-Visigothic or Muslim period (c.

1,240–850 cal BP), corresponding to the top of LPAZ 3 and

the bottom of LPAZ 4, values of C. sativa and Alnus

increase, while those of Olea europaea and Erica arborea

decrease indicating a significant reduction of human pres-

sure on the environment. The historical data about this

period fully corroborate the presented pollen record. They

describe an economic model based on livestock grazing

and small subsistence crops managed by relatively self-

sufficient peasants, in a sparsely populated land (Garcı́a-

Garcimartı́n 2002; Blanco-González et al. 2015). Until the

effective political possession (the so-called Reconquest)

and colonization of the Gredos range by the northern

Christian kingdom c. 950 cal BP, this massif acted as a

borderline between Muslim and Christian powers for sev-

eral centuries (c. 1,240–950 cal BP) (Manzano 1991). From
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the political Reconquest and demographic repopulation of

the Gredos range by c. 950 cal BP, some of the members of

the urban councils directed a process of intensification of

the rural economy (Monsalvo 2003). This trend was aimed

at supplying the urban markets and was based on the

intensification and specialization of livestock husbandry

during the following Feudal/Christian period (c.

850–500 cal BP). At this time the climate was still under the

influence of the Late Medieval Warm Episode. In the

pollen record from El Tiemblo (top of LPAZ 4) it is

characterized by the intensification of livestock activities

(increased coprophilous fungi) and oscillating values of C.

sativa. CHAR and grazing indicators also provide a

stronger signal, especially c. 970 and 830 cal BP (Fig. 4),

pointing to a slightly more intense human pressure, prob-

ably related to the presence of northern Christian settlers.

Climatic conditions between the end of the Feudal/

Christian period and the beginning of the Late Modern

period correspond to Little Ice Age (LIA), which would

have started around c. 600 cal BP and lasted until c. 100 cal

BP (Desprat et al. 2003). In the Iberian Peninsula, the LIA

was a cold interval with an initial dry phase c. 600–400 cal

BP and a later and more humid one until c. 100 cal BP

(Manrique and Fernández-Cancio 2000). The first dry

phase of the LIA is documented in the pollen record from

El Tiemblo by the rise of Betula and decreasing values of

both hydro-hygrophytic taxa and Castanea, while the

humid second phase is demonstrated by the opposite trend

(Fig. 4).

The Early Modern period (c. 500–150 cal BP) was, in the

Spanish Central System, a time of overall agricultural

expansion and increasing livestock, due to the continuous

population growth (Blanco-González et al. 2015). The

pollen record from El Tiemblo concurrently displays an

increasing human pressure, primarily with a reduction of

chestnut (minimum 37 %, Fig. 3) and high values of both

anthropozoogenic taxa and coprophilous fungi (Fig. 4).

Birch forests recorded in El Tiemblo start a sharp decline c.

400 cal BP parallel to the spread of shrublands (mainly

Genista type; Fig. 3), pointing to an overall increasing

grazing pressure. From a palaeoenvironmental point of

view, the most striking feature of this period in central

Spain was the development of the olive groves (López-

Sáez et al. 2014). These facts are evident at the beginning

of this period (c. 500–400 cal BP) in the pollen record from

El Tiemblo, although such olive cultivation is substantially

reduced during the second humid phase of the LIA (Fig. 4).

In any case, the presence of Olea europaea pollen is con-

tinuous throughout the Early Modern period (top of LPAZ

4, LPAZ 5 and bottom of LPAZ 6) (Fig. 3). In the late 18th

century (c. 200–150 cal BP) new regulations were estab-

lished with the growing concern about the scarcity of forest

resources in the Spanish Central System (Pardo and Gil

2005), which would have favoured the development of

chestnut stands (maximum 48.6 % c. 170 cal BP).

Finally, during the Late Modern period (c. 150 cal BP to

present) several afforestation plans were developed in the

Iberian Peninsula with the aim of increasing tree cover,

mainly with massive pine plantations in the case of the

Iruelas valley (Molina-Moreno 1992). These could be the

reasons for the percentage increase in both Pinus sylvestris/

nigra (6.5 %) and P. pinaster (7 %) in the pollen record

from El Tiemblo (Figs. 3, 4; top of LPAZ 6), although both

taxa have been present in the study area during the last

three millennia. But such afforestation with pines could

also explain the downward trend experienced by C. sativa

values since c. 150 cal BP. Unlike other pollen records from

the Spanish Central System displaying a higher prevalence

of livestock with maxima of coprophilous fungi and

anthropozoogenic taxa during the Late Modern period

(López-Sáez et al. 2014 and references therein), the paly-

nological sequence of El Tiemblo shows no evidence of

such activities since both coprophilous fungi and anthro-

pozoogenic taxa disappear from the record at this time

(Fig. 4). Instead, it shares a new recurrence of fire inci-

dence (low CHAR values), probably related with

monospecific pine plantations that favour large-scale fires.

Three millennia of naturalness and resilience

of chestnut forests in the Gredos range

The pollen record from El Tiemblo is the irrefutable proof

not only of the naturalness of sweet chestnut tree in central

Spain, but also of the existence of well characterized for-

ests of this species (Castanea pollen[30 %) during at least

the last c. 3,140 years, supporting a pre-Roman origin for

the Iruelas Valley Natural Reserve chestnut forest. Our data

demonstrate the millenary resilience of chestnut forests in

the Gredos range, probably related to some kind of human

management since the Middle Ages. Even in those

moments when the human impact was little or absent, this

chestnut forest was not invaded by other species such as the

Pyrenean oak (Quercus pyrenaica) but remained constant,

resilient to climate changes and to anthropic dynamics of

the last three millennia. More than 90 % of all chestnut

stands in the Gredos range occur in the Iruelas valley and

surrounding areas (Fig. 1), where these forests have been

managed since at least the 13th century following tradi-

tional ecosystem management practices (Seijo et al. 2015).

However, a few potential natural stands of chestnut have

persisted away elsewhere in this massif (Jerte valley, Béjar

range, Barranco de las Cinco Villas) (Pulido et al. 2007;

Génova et al. 2009). In the absence of management

chestnut coppices started to be invaded by other species

(e.g. Betula, deciduous Quercus etc.). In fact, these forests

were impoverished, floristically speaking, during the
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Visigothic and Christian periods, in a process related to

general increase in anthropization, grazing and regional

olive cultivation.

Although the chestnut forests of the Gredos range have

numerous floristic affinities with Pyrenean oak forests, they

have certain characteristics species of flora such as Par-

adisea lusitanica, Neottia nidus-avis, Delphinium fissum

ssp. sordidum and Pulmonaria longifolia (Luceño and

Vargas 1991; Pulido et al. 2007), which makes us rethink

the nature of such native chestnut forests. Furthermore,

within these chestnut forests many extremely rare plants

find shelter in the centre of the Iberian Peninsula such as

Allium scorzonerifolium, Aquilegia vulgaris, Arctium

minus, Cephalanthera rubra, Circaea lutetiana, Doron-

icum plantagineum, Erysimum lagascae, Hesperis lacini-

ata, Lilium martagon, Narcissus pseudonarcissus, Paeonia

officinalis or Pentaglottis sempervirens, which probably

grow in its last southern Iberian refuge in the forest of El

Tiemblo (Génova et al. 2009). Some of these species are

present in the pollen record from El Tiemblo (Fig. 3), more

or less continuously, represented by different pollen types

(Amaryllidaceae, Circaea, Lilium martagon, Paeonia),

except during the Middle Ages, when the highest degree of

human impact was achieved. In short, our pollen data allow

the application of the concept of the ‘‘eco-cultural niche’’

proposed by Krebs et al. (2012) to the chestnut forests of

the Iruelas Valley Natural Reserve (Gredos range), as this

population includes some giant chestnut trees and has been

exposed to both climatic and anthropogenic/cultural factors

during at least the last two millennia, when from the

Roman period the study area began to suffer the first clear

influences of human impact (increase of anthropogenic and

anthropozoogenic taxa, coprophilous fungi and Olea) and

chestnut forest began to be handled by the man in a con-

sistent way. Although chestnut forests from the Iruelas

Valley Natural Reserve have not been considered in the

phytosociological literature, the conjunction of palynolog-

ical data and the unique flora of these forests—Populus

tremula, Prunus avium, P. spinosa, Ulmus glabra, Ilex

aquifolium, Corylus avellana, Cytisus multiflorus, C. sco-

parius, Erica arborea, Genista falcata, G. florida, Lonicera

periclymenum, Allium scorzonerifolium, Aquilegia vul-

garis, Arctium minus, Cephalanthera rubra, Circaea lute-

tiana, Doronicum plantagineum, Erysimum lagascae,

Lilium martagon, Paeonia officinalis, Pulmonaria longi-

folia (Génova et al. 2009)—suggests that they must be

studied in detail with the aim of defining such communities

testified by the pollen record.

Since the second half of the last century, chestnut forest

maintenance and cultivation substantially decreased in the

Iberian Peninsula because of the loss of importance of this

species as staple food or for timber, progressive depopu-

lation of the countryside—especially in mountain areas—

and the onset of pathogens causing ink disease (Phytoph-

thora cinnamomi and P. cambivora) and chestnut blight

(Cryptonectria parasitica) (Taveira 1979). As a conse-

quence, chestnut stands, orchards and forests across large

areas were partially or entirely abandoned (Manetti et al.

2001). In the absence of cultural inputs of management

open-structure chestnut forests tend to be invaded by other

trees, giving way to evolutionary dynamics leading toward

potential climax communities associated usually with Fa-

gus sylvatica or Quercus species, as has been observed in

many European regions in recent decades (e.g. Conedera

et al. 2001; Gallardo-Lancho 2001; Pezzi et al. 2011).

Despite its relatively limited distribution in the Gredos

range, chestnut had been of great importance for the pop-

ulation in the region. In central Spain these forests have

been managed both for timber production as coppice stands

and for edible nut production as high forest stands,

although intermediate structures can also be found (Rubio

et al. 1999; Gallardo et al. 2000). Coppicing under tradi-

tional practices in central Spain has led to the conservation

of a high level of diversity in chestnut forests, it being

possible to find endangered flora elements such as Ilex

aquifolium, Rhaponticum exaltatum, Linaria trior-

nithophora, Melittis melissophyllum or Paeonia broteroi

(Rubio and Sánchez-Mata 1995). The key factor of cop-

picing must be related to the fact that it mimics the natural

gap-phase dynamics, which should allow both forest

exploitation and maintenance of the natural high herb-layer

diversity (Rubio et al. 1997).

Although Europe-wide diffusion of chestnut cultivation

is very evident from the Roman and Christian periods in

the Gredos range (e.g. López-Sáez et al. 2010b; Abel-

Schaad and López-Sáez 2013), including the so-called

‘golden age’ in western Europe (Conedera et al. 2004a, b;

Conedera and Krebs 2008; Mercuri et al. 2013), in the case

of the pollen record from El Tiemblo we must admit the

existence of a dense and native C. sativa forest in this area

of the Gredos range during the last three millennia whose

origin is unclear. As pointed out, palaeoecological records

indicate that the chestnut tree was present in the Iberian

Peninsula before the last glaciations and then became lar-

gely extinct except for some northern populations that

survived during the Last Glacial Maximum (Krebs et al.

2004). Then it appeared again in many parts of Iberia in

Prehistoric times, presumably re-introduced by man in the

last two millennia (Conedera et al. 2004a). The presence of

chestnut in the Spanish Central System is mainly supported

by pollen finds (*5 %) in the Middle Pleistocene

palaeontological site of Villacastı́n (Carrión et al. 2007), in

the Chalcolithic archaeological sites of Aldeagordillo and

Valdeprados c. 4,800–3,600 cal BP (*2 %) (López-Sáez

et al. 2003; Fabián et al. 2006), as well as with sporadic

appearances (1–2 %) in the Garganta del Trampal, Puerto
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de Santa Clara-El Payo, Peña Negra, Lanzahı́ta, La

Meseguera and La Panera peat bog pollen records dating

from c. 6,000, 3,800, 3,200, 2,700, 1,200 and 200 cal BP

respectively (Atienza et al. 1990; Abel-Schaad et al. 2009a,

b, 2014a; López-Sáez et al. 2010b; Abel-Schaad and

López-Sáez 2013), and by the timber macroremains found

in the Vettonian (pre-Roman) settlement of El Raso de

Candeleda c. 2,350–1,900 cal BP (López-Sáez et al. 1991,

2008). These findings are more or less concentrated in

southern exposures in the central-western part of this

mountainous massif (Gredos range) at altitudes between

1,000 and 1,400 m a.s.l. (López-Sáez et al. 2014). Anyway,

they are already scattered, sporadic (usually the values of

chestnut pollen do not exceed 5 %) and far enough apart to

assume the possibility of a large refuge area in the whole of

the Gredos range. These data are likely to represent the

presence of isolated chestnut trees within other deciduous

formations (e.g. deciduous oak woodlands). However, the

data provided by El Tiemblo are conclusive (Castanea

30.4–48.6 %) and lead us to seek a plausible explanation

beyond its pre-Roman origin.

The sweet chestnut tree (Castanea sativa) is a meso-

philic or moderately thermophilic species, well adapted to

ecosystems with an annual mean temperature ranging

between 8 and 15 �C and monthly mean temperatures for

6 months over 10 �C (Bounous and Beccaro 2002), these

being the most adverse cold weather and drought growth

conditions in the Iberian Peninsula (Gandullo et al. 2004).

According to Garcı́a-López and Allué-Camacho (2008),

the Gredos range has one of the highest phytoclimatic

suitability rates for the presence of chestnut trees in the

Iberian Peninsula, which means that these mountains can

be considered as a habitat of high durability of its forests

(capacity for self-regeneration, ability to compete with

other species, resistance to diseases). In the Iruelas Valley

Natural Reserve this tree occupies well-drained fertile

soils, rich in potassium and with low pH and with an

optimal precipitation range of 1,400 mm per year (Fig. 1),

representing very suitable soil and climate conditions for

the survival of chestnut trees (Berrocal et al. 1998).

According to the detailed genetic studies of Fernández-

López and Monteagudo (2010), the chestnut subpopulation

from El Tiemblo is the purest within the Iberian Mediter-

ranean group of populations, based on the longest esti-

mated ancestry. These data allow us to suggest that the

chestnut forest of the Iruelas Valley Natural Reserve could

be probably older than 3,140 years.

Benito-Garzón et al. (2007) modelled potential distri-

bution during the Last Glacial Maximum (LGM) and the

mid-Holocene for C. sativa. Their reconstruction suggests

that climatic conditions in the north-western and northern

Iberian Peninsula and the foothills of the Pyrenees at the

LGM may have enabled the persistence of chestnut trees.

Their model (ECHAM3 scenario) also proposed the

potential existence of scattered populations of this species

along the Spanish Central System including the Gredos

range, as well as a great expansion of chestnut trees during

the mid-Holocene in these mountains. These data agree

with palaeoenvironmental data that have already demon-

strated the importance of the Spanish Central System as an

area of persistence of tree relicts from the Tertiary, such as

Taxus baccata, Ulmus glabra, Quercus robur, Prunus

lusitanica, Fagus sylvatica, Carpinus betulus, Tilia sp. and

Betula sp. (López-Sáez and López-Garcı́a 1994; López-

Sáez 1995; Pulido et al. 2008; Abel-Schaad et al. 2014b).

Unfortunately, within the Spanish Central System we do

not have detailed pollen records for the LGM and the

Lateglacial period (López-Sáez et al. 2014). However, the

discontinuous distribution of chestnut in the Gredos range

today could be attributed to the great antiquity of the

species in the region (López-Sáez et al. 1996). We can

explain the origin of these scattered populations in two

ways: (i) as local penetration of forests where chestnut is

not present in a natural way, but rather through manage-

ment by man which has allowed this species to thrive at the

expense of deciduous oaks; (ii) as being the preservation of

suitable refugia for survival of the diverse flora of mesic

chestnut forests. It is important to note that the Iruelas

Valley Natural Reserve meets one of the main require-

ments given by Krebs et al. (2004), since this potential

chestnut refuge (microrefugia sensu Rull 2009) includes an

area connected to orographic systems (Gredos range) and is

located in a habitat with a favourable microclimate

(Fig. 1). Therefore we can argue that the chestnut forest of

El Tiemblo could have found a refuge area where the

effects of cold and drought would be attenuated (Blanco

et al. 1997) and have persisted unharmed for at least the

last three millennia, thus representing a new ‘‘surprise’’ in

the Late Holocene vegetation history of the Iberian

Peninsula (Carrión et al. 2010). In short, considering the

limitation that the pollen record from El Tiemblo covers

only 3,140 years, this location of chestnut trees in the

Iruelas Valley Natural Reserve could be considered as a

microrefuge. At the moment, this statement is just a pre-

liminary hypothesis which requires to be validated with

new data.

Unfortunately, it is not possible to say on the basis of the

available data whether the above mentioned pollen records

were connected to a huge refuge covering the Gredos

range. Fernández-López and Monteagudo (2010) have

confirmed, according to genetic studies in Iberian chestnut

populations, that the introduction of chestnuts into the

Iberian Peninsula from other Mediterranean countries,

entering through the South as has been usually hypothe-

sized (Aravanopoulos et al. 2005), is not supported by their

data as the highest allelic richness is in northern
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populations. In addition, these authors indicated a pattern

of structured genetic variability caused by natural selec-

tion. Thus, the natural selection could be considered

another evolutionary force acting over the different iden-

tified gene pools (Fernández-López et al. 2005), increasing

the adaptation of populations to local conditions (e.g. El

Tiemblo).

Conclusions

El Tiemblo peat bog was formed c. 3,140 cal BP in a

landscape dominated by C. sativa. The data presented here

provide the first evidence in the Iberian Peninsula of con-

tinued persistence of a dense and natural chestnut forest for

at least three millennia.

Comparison with pollen data from the Spanish Central

System suggests that chestnut forests had reduced their

extension because C. sativa pollen percentages are gener-

ally low. Only from the Roman period and even more

intensely during the Middle Ages, chestnut stands devel-

oped in this massif, probably through cultivation. However,

the pollen record presented here is an exception to these

facts. El Tiemblo is unique as a case of Late Holocene

dominance of chestnut woodlands.

Palynological and charcoal data records show that

vegetation of the Iruelas Valley Natural Reserve was

highly resilient to fire disturbances and anthropic dynamics

during the Late Holocene. Currently available data support

that livestock and olive culture were practiced in the study

area from the Roman period to the Early Modern period.

However, its impact on vegetation and landscape seems to

have been extremely low.

The pollen record from El Tiemblo peat bog

strengthens the hypothesis of the existence of a refuge

area localized in the foothills of the Gredos range in the

Iruelas Valley Natural Reserve. Relationships between

refuge areas and first evidence of chestnut usage in the

whole of the Spanish Central System should be more

deeply investigated. Similarly, it is necessary to find

longer records and replicate these results with new pollen

sequences in the area.
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ecológicas, resiliencia y vulnerabilidad en un paisaje de montaña:

el Sistema Central (9,000 cal BC-1850 cal AD) (DESIRÈ)’’. J.A.
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Álvarez-Sanchı́s JR (2000) The Iron Age in Western Spain (800 BC–

AD 50): an overview. Oxford J Archaeol 19:65–89
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Garcı́a-López JM, Allué-Camacho C (2008) Factorial ambits with

high phytoclimatic viability for chestnut (Castanea sativa) in

Spain. Acta Hortic 784:113–118

Garcı́a-Mozo H, Domı́nguez-Vilches E, Galán C (2007) Airborne

allergenic pollen in natural areas: Hornachuelos Natural Park,
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Pérez-Dı́az S (2009a) Castaños, nogales y cereales: la antropiza-

ción de los paisajes de Asturias y León en época romana. Cuad

Soc Esp Cienc For 30:93–99

180 Veget Hist Archaeobot (2017) 26:167–182

123
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(provincia de Ávila): >cambio ecológico y social? In: Blanco A,

Cancelo C, Esparza A (eds) Bronce Final y Edad del Hierro en la
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