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Holocene vegetation and fire dynamics in the supra-Mediterranean belt of the
Gredos Range (central Iberian Peninsula)

S. Robles-L�opeza, S. P�erez-D�ıaza, M. Ruiz-Alonsoa, O. Blarquezb, R. Luelmo-Lautenschlaegera,b and
J. A. L�opez-S�aeza

aG.I. Arqueobiolog�ıa, Instituto de Historia, Centro de Ciencias Humanas y Sociales, Madrid, Spain; bD�epartement de G�eographie,
Universit�e de Montr�eal, Montr�eal, Qu�ebec, Canada

ABSTRACT
High-resolution pollen, macrofossil and charcoal data, combined with multivariate analysis, were used
to reconstruct Holocene vegetation and fire dynamics at Manaderos. The studied mire is located in a
highly valued location in the supra-Mediterranean belt of the Gredos Range (central Iberian Peninsula).
The record started at 1260 calendar years (cal yrs) BP, according to eight radiocarbon dates, with the
occurrence of an open Quercus pyrenaica forest and Pinus nigra stands. The palynological data show a
dramatic change �380 cal yrs BP, when the oak forest was progressively replaced by a maritime pine
one. The interpretation of this record is related to an increase in agricultural and livestock activities
and changes in the role of fire, thus Pyrenean oak canopy was consumed by fires providing openings
for Pinus pinaster, better adapted to fire. The results are compared with other sequences from the
Spanish Central System in order to better understand the past dynamics of the main forest constitu-
ents and to provide a critical view of the role of fire, anthropic dynamics and climatic events.
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Introduction

It is widely accepted that Holocene vegetal communities
have evolved under stressful climate and fire conditions and
anthropogenic pressure that could have defined their current
history and distribution (Valladares 2008). Direct and indirect
human activities have particularly affected the composition,
structure and dynamics of the Mediterranean forests since
the mid-Holocene (Sadori et al. 2013; Mercuri 2014). In this
sense, human-driven fires and grazing pressure are consid-
ered two major modelling factors of highland areas (e.g.
Carri�on et al. 2001, 2007; L�opez-S�aez et al. 2009).

Within the western Mediterranean region, the Iberian
Peninsula has harboured a long history of human settle-
ments and movements through the mountains. Even though
anthropogenic pressure underwent an increasing trend in
landscape shaping since the Neolithic, the palynological
record reveals that the most intense human pressure in high-
lands could be associated with Roman (�2000–1500 calendar
years [cal yrs] BP), Medieval (�1500–500 cal yrs BP) and
Modern (�500 cal yrs BP to present) periods, during which
specific strategies of agricultural and livestock exploitation of
high mountain areas were developed, including a selective
settlement of intramontane valley areas (Carri�on et al. 2010).

One of the most unique mountainous areas of the Iberian
Peninsula is the Spanish Central System, through which
transhumance routes have passed that have connected the
North Plateau with the south since prehistory, but with

greater intensity during the Middle Ages (Klein 1981; L�opez-
S�aez et al. 2009). These anthropic practices, versed in the
seasonal movements of livestock, have left an indelible mark
on the landscapes of the Gredos mountains in the central-
western part of the massif (L�opez-S�aez et al. 2014). In fact,
the deforestation processes, frequently using human-driven
fires, and seasonal livestock activities have particularly
affected the supra-Mediterranean forests, favouring the
expansion of grasslands and broom communities in the high-
lands (Camarero et al. 2018; L�opez-S�aez et al. 2018a).
However, the causal relationship between such activities and
the dynamics followed by the different forest species that
populated and populate the supra-Mediterranean belt of the
Gredos Range is little known (L�opez-S�aez et al. 2018b).

Due to its long history of human occupation, supra-
Mediterranean forests of the Gredos Range are currently con-
fined to the least suitable zones for agriculture, such as those
with lesser quality soils, or to those territories less affected
by forest fires throughout history or which have suffered less
pastoral pressure (Franco-M�ugica 2009). This has been the
case of the Quercus pyrenaica Willd., Pinus sylvestris L. var.
iberica Svoboda and Pinus nigra Arnold subsp. salzmannii
(Dunal) Franco woodlands, whose distribution in the supra-
Mediterranean bioclimatic belt has progressively decreased
as a result of anthropogenic activities such as intensive live-
stock, deforestation, reforestation and anthropogenic fires
(L�opez-S�aez et al. 2013, 2014, 2016c). In contrast, the mari-
time pine (Pinus pinaster Ait.) forests have undergone a
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spectacular development during the Late Holocene, moti-
vated fundamentally by the recurrence of fires in these
mountains that have favoured them thanks to their marked
pyrophytic character (L�opez-S�aez et al. 2010; Robles-L�opez
et al. 2018a). In spite of this, the existing knowledge about
the competitive dynamics of these forest species over time is
scarce (L�opez-S�aez et al. 2018b). There is also no clear evi-
dence in the Gredos mountains of central Iberia on what are
the main factors that have determined the development of
some forests and the decline of others; beyond the human
impact and anthropogenic activities mentioned above, on
which it is not clear to what extent they affected each of the
aforementioned species (Valbuena-Caraba~na et al. 2010).

In this paper, we present the new palaeoenvironmental
record of Manaderos, located in a high ecological value
mountainous territory within the distribution area of P. pinas-
ter, P. nigra, P.sylvestris and Q. pyrenaica in the Gredos Range.
Our aims are: (i) to reconstruct the vegetation history of
Manaderos focusing on pine forest dynamics changes and (ii)
to assess the forest responses to climatic, anthropogenic
pressure and fire occurrence during the Late Holocene.

Study area

The Gredos Range is part of the Spanish Central System,
which separates the basins of the Douro and Tagus rivers.
The chain of sunken blocks of granitic and metamorphic lith-
ology are separated by intramontane valleys and present a
clear asymmetry in both the northern and southern slopes,
imposed by a tilted horst (Pedraza and L�opez 1980). The cli-
mate is of a Mediterranean type, dry and cold in winter
(0–2 �C) and dry and warm (20–22 �C) in summer, with a
summer drought period lasting 3–5months and heavy rain-
fall in autumn and winter (Gavil�an et al. 1998). Precipitation
is on average 1400mm per year (Ninyerola et al. 2005).

Regarding vegetation (L�opez-S�aez et al. 2018a), holm oak
(Quercus ilex L. subsp. ballota (Desf.) Sampa.) and Pyrenean
oak (Q. pyrenaica Willd.) spread on the meso-Mediterranean
belt southwards, the former accompanied by xerophilous
taxa like Juniperus oxycedrus L., Cistus ladanifer L., Lavandula
stoechas Lam. and Olea europaea L, and the latter by meso-
thermophilous ones like Arbutus unedo L., Corylus avellana L.,
Phillyrea angustifolia L., Pistacia terebinthus L., Lonicera
implexa Ait., Paeonia broteroi Boiss. & Reut. and Viburnum
tinus L. The supra-Mediterranean belt (850/900–1500/1800m
a.s.l.) is occupied by other Pyrenean oak forests. Maritime
pine (P. pinaster Ait.) and sweet chestnut (Castanea sativa
Mill.) woods also extend on the southern slopes (500–1000m
a.s.l.). Finally, the high-supra and oro-Mediterranean belts
show the wide range of grasslands and broom communities
(Cytisus oromediterraneus Rivas-Mart�ınez et al., Echinospartum

barnadesii (Graells) Rothm. and, to a minor extent, Erica aus-
tralis L.) with isolated pine stands (Pinus sylvestris L. var. iber-
ica Svoboda and P. nigra Arnold. subsp. salzmannii [Dunal]
Franco) reaching the treeline.

From an archaeological and historical point of view (Table
1), up to the medieval permanent colonisation of this region
in the 12–13th centuries, the Gredos Range was sparsely fre-
quented by scattered herders who followed a semi-mobile
way of life with their flocks, occupying pastoral seasonal shel-
ters in high-mountain areas (Blanco-Gonz�alez et al. 2009). The
Visigothic (1500–1240cal yrs BP) and the Muslim
(1240–850 cal yrs BP) periods were based on subsistence farm-
ing in the valleys; although large deforestation processes have
been documented, especially in high-mountain areas, within a
clear livestock-oriented pattern (L�opez-S�aez et al. 2009, 2014).
Forests were cleared to obtain new pastures and new lands
were brought into cultivation, in a period of rural habitat pro-
liferation and a land exploitation led by peasantry (Blanco-
Gonz�alez et al. 2015). The Christian period (850–500 cal yrs BP)
represent the key momentum in the long-term process of
modelling these highland landscapes. It was characterized by
the intensification of farming activities, especially of livestock
husbandry. Indeed, this was the ‘golden age’ of La Mesta, an
organization founded in 1273 AD that provided important
privileges to large livestock owners (Klein 1981). The passes of
the Gredos Range were unavoidable transit spots for transhu-
mant herders and their large flocks in order to cross the
Spanish Central System in their way from the Northern
Meseta tablelands to the winter pasturelands in southern
Spain (L�opez-S�aez et al. 2018c). The villages in those highland
settings were stopover and provisioning points for resting and
feeding along these seasonal routes following the La Mesta
royal droveways. Finally, the Early Modern period (500–150 cal
yrs BP) was a time of overall agricultural expansion, due to
the continuous population growth, with cereal crops spread-
ing on the valleys and subsequently montane areas suffering
a higher livestock density; while the Late Modern period
(150 cal yrs BP to present) coincides with the dissolution of La
Mesta, new clearances in high-mountain areas, and the devel-
opment of several afforestation plans.

Manaderos mire (40�20032.800 N, 4�41038.000 W) is located
in the eastern Gredos Range close to the Piedralaves munici-
pality (Figure 1) at 1292m of altitude (supra-Mediterranean
belt). The study area is included in the site of community
importance and special protected areas for birds, ‘Valle del
Ti�etar’, due to the geological, botanical, faunal and cultural
values it contains. The main local vegetation is a
Pinus–Quercus mixed forest where we can find black pine (P.
nigra) and Pyrenean oak (Q. pyrenaica) old-growth individu-
als. Some of them are recognized by Junta Castilla y Le�on as
‘monumental trees’, remarking their natural and historical
interest (L�opez-S�aez et al. 2018a).

Material and methods

Coring and chronology

A 121-cm long core was extracted from Manaderos mire using
a 50-mm Russian corer and sealed and stored at 4 �C. Magnetic

Table 1. Cultural periods of the Gredos Range considered in this study.

Cultural period Chronology cal yrs BP Chronology cal yrs AD

Visigothic 1500–1240 450–711
Muslim 1240–850 711–1100
Christian/Feudal 850–500 1100–1450
Early Modern 500–150 1450–1800
Late Modern 150 to present 1850 to present
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susceptibility (MS) measurements were taken at 1 cm core
intervals using a Bartington MS2E susceptometer with a MS3
dual frequency sensor, following standard procedures (Dearing
1999; Walden et al. 1999). Eight peat samples were 14C dated
using AMS technique, conducted at the Pozna�n Radiocarbon
Laboratory (Poland) (Poz) and the Ångstr€om Laboratory of the
Uppsala University (Sweden) (Ua) (Table 2). CLAM was used to
calibrate the radiocarbon dates in cal yrs BP with the IntCal13
curve (Reimer et al. 2013) and to calculate an age-depth model
(Figure 2) based on Monte Carlo sampling using a smoothing
spline (0.3 smoothing level; Blaauw 2010).

Pollen analysis

Samples of 1 cm3 were retrieved every 1 cm. The samples
were treated using the traditional method without acetolysis
and with densimetric Thoulet liquid (Goeury and de Beaulieu
1979; Faegri and Iversen 1989). Up to 500 pollen grains of
total land pollen per sample were identified and counted at
400�, 600� and 1000� magnification using the reference
collection of the Institute of History (CSIC-Madrid) and fol-
lowing Moore et al. (1991), Reille (1992), van Geel (2001) and
Cugny et al. (2010). Pollen concentration (grains cm�3) was
estimated by adding a Lycopodium tablet to each sample
(Stockmarr 1971). Ferns, hydro-hygrophilous taxa and non-
pollen microfossils (NPPs) were excluded from the pollen
sum. Fossil pollen records processing and graphic

representation was performed with TILIA and TGView soft-
wares (Grimm 2004). Local Pollen Assemblage Zones (LPAZs)
are defined numerically according to the dissimilarity matrix
of Euclidean distances. CONISS allows squared root percent-
age data via constrained cluster analysis (Grimm 1987). The
number of statistically significant zones was determined
using the broken-stick model (Bennett 1996; Figures 3 and
4). Identification of Pinus and Quercus pollen grains has car-
ried out carefully. P. pinaster and P. pinea present the largest
pollen corpus but P. pinaster displays a shorter saccus and
thicker proximal exine than the latter (Carri�on et al. 2000a).
Contrary, Pinus sylvestris-nigra type exhibit lower corpus
height and breadth and proportionally bigger saccus
(Desprat et al. 2015). Meanwhile Q. pyrenaica type (deciduous
Quercus) present larger and longer pollen body than Quercus
ilex type (evergreen Quercus), and Quercus suber an

Figure 1. Location of the studied site (white star) in the Gredos Range (central Iberia) and other pollen records mentioned in the text (black circles). ET (El
Tiemblo), FL (Fuente de la Leche), FPB (Fuente del Pino Blanco), GT (Garganta del Trampal), HE (Hoyos del Espino), LA (Labradillos), LZ (Lanzah�ıta), MA (El Ma�ıllo),
NR (Navarredonda), NV (Navalguijo), OA (Ojos Albos), PN (Pozo de la Nieve), P~N (Pe~na Negra), RE (El Redondo), SE (San Esteban del Valle) and SR (Serranillos).

Table 2. AMS-radiocarbon data with 2r range of calibration from
Manaderos mire.

Laboratory code
Depth
(cm)

AMS 14C
age BP

Age cal
yrs BP

Mean age
cal yrs BP

Ua-55296 42 560±30 BP 499–606 558
Poz-83939 50 653±28 BP 581–659 621
Ua-55297 60 770±30 BP 686–743 711
Poz-83940 78 1035±30 BP 926–988 950
Ua-55298 90 1206±27 BP 1044–1129 1087
Poz-83941 102 1210±30 BP 1109–1208 1155
Ua-55299 110 1240±29 BP 1145–1240 1196
Poz-84223 120 1332±26 BP 1185–1294 1257

Figure 2. Age-depth model for Manaderos mire.
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intermediate body size and a remarkable intercolpus (Carri�on
et al. 2000b; Beug 2004). Taxonomic nomenclature and
authorities follow the published volumes of Flora iberica
(Castroviejo et al. 1986–2015). Syntaxonomical scheme,
nomenclature, and syntaxa authorities follow the compila-
tions and proposals of Rivas-Mart�ınez et al. (2001).

Numerical analysis

Ordination by principal components analysis (PCA) was per-
formed using the C2 1.5 software (Juggins 2007), as a linear
interpretation method for the fossil dataset. A previous
detrended correspondence analysis pointed to a linear
response of species data to environmental gradients (Ter
Braak and Prentice 1988). Samples were square-root trans-
formed for a better comparability and expressed in the using
different colours according to the zonation groups (LPAZs).
Analyses were processed with all pollen and non-pollen paly-
nomorph taxa but only those with over 2% in each sample
were used for PCA (Figure 5).

Charcoal analysis

Macroscopic charcoals were sieved from subsamples of 1 cm3

at every 1 cm depth using a 125-mm mesh. Before sieving,

the samples were soaked in a 10% NaOH solution (24 h) and
6% H2O2 to deflocculate any particles and bleach the organic
matter (Carcaillet et al. 2001; Tinner and Hu 2003; Finsinger
and Tinner 2005). Macrocharcoal particles were identified
and counted with a 40� stereoscope according to Rhodes
(1998) and Schweingruber (1990) for the biggest pieces
(>1mm; Table 3), assuming local origin (<10 km; Higuera
et al. 2007). To reconstruct the local fire history of
Manaderos, the charcoal series from counts were analyzed
using the method of charcoal signal decomposition with the
CharAnalysis 1.1 software (Higuera et al. 2007, 2009).
Charcoal accumulation rate (CHAR; particles cm�2 year�1)
was interpolated to the record median resolution time
(11 years; Long and Whitlock 2002) and then filtered to
model the background, related to fuel load availability and
taphonomic processes (Higuera et al. 2010). CHAR were
smoothed with a robust locally weighted LOESS function
with a 300-year time window to obtain CHAR peak, which is
the difference between CHAR interpolated and the back-
ground (Clark and Royall 1996). A Gaussian mixture model
was used to discriminate fire-induced signal from noise (both
included in CHAR peak) with a separation threshold of 99th
percentile, defining local fire events (Long et al. 1998; Gavin
et al. 2006; Figure 6(a)). A signal-to-noise index (SNI) was
established for each sample, discriminating between real fire

Figure 3. Percentage pollen diagram of Manaderos mire plotted against age (cal yrs BP). Fungi spores have been identified and named following van Geel (2001)
(HdV) and Cugny et al.2010 (TM). The black silhouettes show the percentage curves of the taxa, the grey silhouettes show the �5 exaggeration curves. Dots repre-
sent percentages below 0.5%.
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and noise records (Kelly et al. 2011; Figure 6(b)). Fire fre-
quency is estimated as the number of fire events in 300 years
and the fire return interval (FRI) as the number of years
between two contiguous fire episodes (Figure 6(c,d)).

Results

Lithostratigraphy, dating and chronology

The 121-cm basal radiocarbon date is 1260 cal yrs BP (Table 2).
The sedimentation rate fluctuates between 5 and
18years cm�1 with a mean depositional time of 11years cm�1

(Figure 2). The profile is a very uniform organic dark brown
peaty sediment core with abundant herbs and rootlet frag-
ments. There are interspersed sand and gravel bands at lower
depth 121–114 cm (1264–1220 cal yrs BP) and sand bands at
mid depth in the following levels: 73–71 cm (880–852 cal yrs
BP) and 53–35 cm (644–450 cal yrs BP), which correspond to
maximum MS values (>2� 10�4 SI) and fire events (Figure 3).

Palynological and anthracological data

Ninety-two palynomorphs were identified in the Manaderos
pollen sequence. Four LPAZs denote significant changes in
the pollen composition and represent major changes in
vegetation (Figures 3 and 4, Table 4). The number of macro-
remains in Manaderos (17) is very scarce (Table 3). Quercus
subgenus Quercus is the dominant group along the sequence

and Pinus remains have found in the base of the core, sug-
gesting local presence of oak throughout LPAZ-3 and pines
in LPAZ-1 and LPAZ-2.

Principal component analysis

The first two principal component axes account for 26.6%
and 13.0% of the variance (Figure 5). The first axis separates
pine taxa from Q. pyrenaica, Poaceae and coprophilous fungi,
discriminating between pine forests (positive values) and
open Pyrenean oak woodlands and grasslands subjected to
high grazing pressure (negative values). The second axis sep-
arates Q. pyrenaica, Q. ilex, shrubs, Pteridium, anthropogenic
herbs and shallow water indicators (positive values) from P.
pinaster, P. sylvetris/nigra, Castanea, Poaceae and coprophi-
lous fungi (negative scores). This could discriminate between
open Quercus forests from Pinus and Castanea woodlands
and grazing pastures.

Charcoal series

The decomposition of the charcoal time series reveals a total
of 10 fire events. A period with high CHAR values can be dis-
tinguished 1260–314 cal yrs BP with CHAR interpolated val-
ues ranging between 2 and 44 pieces cm�2 yr�1 (on average
11). Within this interval nine fire events have been identified
in 1205, 1150, 941, 809, 633, 578, 424, 369 and 336 cal yrs
BP. CHAR series is characterized by lower values 314–5 cal yrs

Figure 4. Synthetic pollen diagram of Manaderos mire with selected pollen and NPP taxa, charcoal accumulation rate (CHAR), magnetic susceptibility (MS) and fire
events (black crosses) plotted against age (cal yrs BP) and cultural periods. Anthropogenous herbs: Aster type, Cardueae, Centaurea nigra type, Cichorioideae,
Erodium, Geranium type, Spergula arvensis. Anthropozoogenous herbs: Apiaceae, Artemisia, Asphodelus albus type, Caryophyllaceae, Chenopodiaceae, Fabaceae
undiff., Liliaceae undiff., Plantago coronopus type, Plantago lanceolata type, Plantago major/media type, Rumex acetosella type, Urtica dioica type. Coprophilous
fungi: Cercophora type (HdV-112), Chaetomium (HdV-7A), Coniochaeta (HdV-172), Gelasinospora (HdV-1), Podospora (HdV-368), Sordaria (HdV-55A), Sporormiella
(HdV-113), HdV-92, HdV-181, HdV-729. NPPs shallow water and humidity: Mycodalyellia armigera (HdV-353), Spirogyra (HdV-315), HdV-18, HdV-28, HdV-31A, HdV-
150. Colour shading corresponds to climatic events.
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BP ranging between 0 and 3 pieces cm�2 yr�1 (on average
2.40), being one peak noticeable at 61 cal yrs BP (Figure
6(a)). Throughout the record, the SNI is typically >3, so the
fire-induced signal is well separated from noise for most of
the time series (Kelly et al. 2011; Figure 6(b)). The fire fre-
quency vary between 1.3 and 3.5 fires�300 yr�1, reaching the
minimum values �150 cal yrs BP and maximum values
�450 cal yrs BP (Figure 6(c)). The mean fire return interval
(mFRI) for the entire record is 127 years (Figure 6(d)).

Discussion

Dominance and resilience of Quercus pyrenaica forests

Manaderos record started its formation �1260 cal yrs BP ago
(Table 2), at the end of the Visigothic period (Table 1). All
the samples between 1260 and 380 cal yrs BP (LPAZ-1, LPAZ-
2 and LPAZ-3) present negative or very low positive values
on the PCA axis 1 (Figure 5), which reflects their characteriza-
tion with an open Q. pyrenaica forest with grazing pressure.
This characterization agrees with the Q. pyrenaica and
Poaceae high pollen percentages and the presence of oak
macroremains along the core (Table 3, Figure 4). Black and
Scot pines could be in the nearby as isolate nuclei or scat-
tered trees according to P. sylvestris-nigra type pollen percen-
tages in Manaderos and the cones macroremains attributed
to these species in some neighboring locations of the
Gredos Range (Rubiales and Genova 2015). The pollen
assemblages concur well with supra-Mediterranean Q. pyre-
naica communities (Festuco merinoi-Quercetum pyrenaicae) of

Figure 5. PCA biplot from Manaderos mire showing ordination of samples and pollen taxa. Each sample is represented by the LPAZ it belongs and in some
selected cases also by their depth (cm). Only factor loadings for the most significant pollen types and NPPs are represented. PCA Axis 1 (k¼ 0.27); PCA Axis
2 (k¼ 0.13).

Table 3. Wood charcoal identification from Manaderos.

LPAZ
LPAZ-4 LPAZ-3

LPAZ-2
LPAZ-1

Depth (cm) 8 10 18 34 42 46 48 62 104–106 114

Pinus sp. 1
cf. Pinus 3
Conifer 1 1
Quercus subgenus

Quercus
1 3

Undetermined 1 1 3 1 1
Sum 1 1 1 3 1 1 1 3 4 1
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the Gredos Range (L�opez-S�aez et al. 2015). Nonetheless, the
understory, grasslands and the presence/lack of crops and
some NPPs vary between LPAZs, remarking their differences
(Figure 4).

During LPAZ-1 (1260–1170 cal yrs BP), between the end of
the Visigothic period and the first half of the Muslim period
(Table 1), wood remains and palynological data point the
presence of local pines trees in the surroundings of the mire
(Table 3, Figures 3 and 4). The decreasing trends in arboreal
taxa and peaks in grasslands, as well as the presence of
groves and crops and abundance of coprophilous fungi, sug-
gest deforestation events associated to economical activities
(Table 4). These facts have been also registered during this
period in other deciduous oak forests at mid-altitude
(�900–1100m a.s.l) such as El Ma�ıllo (Francia Range) or Pe~na

Negra (B�ejar Range; Abel-Schaad and L�opez-S�aez 2013;
Morales-Molino et al. 2013). Nevertheless, in spite of consid-
ering the Visigothic-Muslim forest clearances within a clear
livestock-oriented pattern driven by fire, grazing is document
only in El Tiemblo, El Redondo and Manaderos (Figure 1;
L�opez-S�aez et al. 2016a, 2017, 2018d). Relative to crops, Vitis
and Secale cereale pollen document anthropogenic activities
near the mire and Castanea sativa and Olea percentages
show the probably existence of groves regionally (Mercuri
et al. 2013; Florenzano et al. 2017). The results of the major-
ity of sequences in the Gredos Range point the Visigothic
and Muslim periods as a phase of large deforestation proc-
esses and the implementation of expansive agro-forestry
strategies based on the diversification of resources (Blanco-
Gonz�alez et al. 2015).

In the transition between LPAZ-1 and LPAZ-2, correspond-
ing to the beginning of the Muslim period (1240–850 cal yrs
BP), the general trend is similar to that described above
although an anomalous event occurred �1240–1140 cal yrs
BP. It was characterized by a sharp decline of Poaceae, an
increase of anthropogenous herbs and oscillation in copro-
philous fungi levels between two fire events �1205 and
1150 cal yrs BP (Figures 4 and 6). This instability matches
with a decrease in magnetic susceptibility and fire events, so
it could be assigned to a local fire with a related erosive pro-
cess (Millspaugh and Whitlock 1995; Gedye et al. 2000).
Besides, this fire-erosion event could be followed by precipi-
tation because it coincides with atypical wet conditions and
a flood episode documented in Taravilla (Iberian Range)
�1200–950 cal yrs BP, which was attributed to a decrease in
North Atlantic Oscillation atmospheric phenomenon, preced-
ing dryness during the 9–11th centuries cal yrs BP (Mart�ın-
Puertas et al. 2008; Moreno et al. 2008). The correspondent
samples to this period (115, 105 and 101 cm depth) could be
considered extreme or anomalous data because they are
located in the extremes of the axis 2 in the PCA plot
(Figure 5).

In LPAZ-2 (1170–950 cal yrs BP) there is a remarkable the
decrease of arboreal taxa and increase of Poaceae values
(Figure 4), suggesting the demise of the Pyrenean oak forest
until its recovery around the mid-Muslim period. The major-
ity of pollen records in the western, central and northern
mountains of the Spanish Central System show this recovery
trend very much earlier, starting from the beginning of the
period. As an exception, Pozo de la Nieve and El Redondo
mires (Gredos Range) show also deforestation events associ-
ated to human pressure (L�opez-S�aez et al. 2016a; Broothaerts
et al. 2018; Robles-L�opez et al. 2018b). In the study area,
shrubs and small trees such as Salix, Labiatae and Frangula
alnus Mill. could occupy the forest clearings, as well as
Pteridium aquilinum (L.) Kuhn, Poaceae and anthropogenic
herbs, dominating the herbaceous layer. Anthropogenic influ-
ence is not related to agricultural activities as reflects the dis-
appearance of crops and Olea europaea L. in the pollen
record (Figure 3). On the contrary, the forest clearance could
be mainly attributed to livestock presence because of the
maintenance of high coprophilous fungi percentages, also
attested in Pe~na Negra and El Redondo pollen records in the

Figure 6. Reconstruction of the fire frequency at Manaderos: (a) interpolated
charcoal accumulation rate (CHAR; black bars) with background (grey line) and
reconstructed fire events (þ), (b) signal-to-noise index (SNI), (c) fire frequency,
(d) Weibull model for fire return intervals (FRI), indicating Weibull parameters
(Wbl b, Wbl c) and main fire return intervals (mFRI).
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Gredos Range (Abel-Schaad and L�opez-S�aez 2013; L�opez-
S�aez et al. 2016a; Broothaerts et al. 2018).

The historical data about the Muslim period corroborate
the presented palynological data, proposing an economical
model based on livestock grazing managed by relatively self-
sufficient peasants (Villar-Garc�ıa 1986; Garc�ıa-Oliva 2007). In
this period, the rise of shallow waters NPPs values (HdV-18,
HdV-150) suggests an increase in humidity in a period with a
general tendency towards dryness during a the Early
Medieval Cold Episode (450–950 cal yrs BP). The same event
was registered in Cimera lake (Gredos Range) during the
Medieval Climate Anomaly (1050–650 cal yrs BP), being asso-
ciated to rain-to-snow events at high altitude (S�anchez-L�opez
et al. 2016). These exceptional wet conditions could be asso-
ciated to microregional conditions and favored the accumu-
lation and preservation of organic material in the mire like
vascular tissues of plants (HdV-114). As a consequence,
Neorhabdocoela oocytes and arthropods remains (HdV-52A,
HdV-71, HdV-72 and HdV-88A) proliferated (Figures 3 and 4;
Haas 1996).

LPAZ-3 (950–380 cal yrs BP) could be considered a high
human pressure phase due to the intensification of econom-
ical activities related to recurrent oak forest clearances man-
aged by fire. The pollen record shows the presence of
Cerealia, Secale cereale, Castanea and Olea crops and an
intense grazing pressure (Figures 3, 4 and 6). In the

beginning of this pollen zone, which corresponds to the end
of the Muslim period and first half of the Christian period,
agricultural activities and fire events restarted in Manaderos.
These facts have been also recorded in Navarredonda and
Hoyos del Espino pollen records (Figure 1) at the same time
(Franco-M�ugica et al. 1997). Meanwhile, grazing activities
remained near the mire, reaching coprophilous fungi percen-
tages (�10%), similar to Pe~na Negra, Ojos Albos and Pozo de
la Nieve pollen records in the Gredos Range (Blanco-
Gonz�alez et al. 2009; Abel-Schaad and L�opez-S�aez 2013;
Broothaerts et al. 2018; Robles-L�opez et al. 2018b). The
human impact could be related to the first Christian incur-
sions in the Gredos Range �950 cal yrs BP in a framework of
the political Re-conquest and demographic repopulation of
the Spanish Central System (Troiti~no 1999; Monsalvo 2010).
This trend continued along the Christian or Feudal period
(850–500 cal yrs BP) though the Pyrenean oak forest was
resilient. In the same way, the vast majority of high-altitude
pollen records show deforestation events, the maximum
extent of grasslands and a clear rise in the levels of livestock
indicators, for example, in Garganta del Trampal (B�ejar
Range), and Puerto de Serranillos, Fuente de la Leche, Hoyos
del Espino, Navarredonda and Navalguijo (Gredos Range;
Figure 1; Franco-M�ugica et al. 1997; Franco-M�ugica 2009;
L�opez-Merino et al. 2009b; L�opez-S�aez et al. 2009; Robles-
L�opez et al. 2018a). In that sense, the slight decrease of P.

Table 4. Summary of the vegetation history and pollen zones of Manaderos mire.

LPAZs (depth cm) Age (cal yrs BP) Description Inferred local upland vegetation

LPAZ-1 (121–105) 1260–1170 The pollen spectra are dominated by Quercus pyrenaica (25%–42%)
and characterized by the presence of Pinus nigra (<10%) and Pinus
pinaster (2%–20%). Castanea sativa and Olea europaea (<5%) are
also present. Throughout this zone, Poaceae, anthropogenous and
anthropozoogenous herbs, and coprophilous fungi reach high per-
centages (5%–40%). Secale cereale and Vitis occurrence is sporadic
(<1%). MS show high values.

Open forest dominated by Quercus pyrenaica
with Pinus nigra stands. Pinus pinaster
probably lies at lower altitudinal eleva-
tions in the meso-Mediterranean biocli-
matic belt. Olive and chestnut groves
established in the lowlands and rye and
vine crops near the study area. Intense
grazing pressure in the mire. Local fires
events occurred throughout the period.

LPAZ-2 (105–79) 1170–950 Maximum values of CHAR �1050 cal yrs BP (70 particles cm-2 yr-1).
Slightly decline of Quercus pyrenaica and Pinus pinaster and the
presence of Pinus nigra, Poaceae and Pteridium aquilinum. Anthropic
activity is indicated by Castanea sativa (<5%), anthropogeous
(12%–22%) and anthropozoogeous herbs (4%–7%) and coprophilous
fungi (5%–40%). Cerealia, Secale cereale and Vitis are absent.

Oak forest increasingly opens probably
because of the recurrence of fires.
Pteridium aquilinum and herbs populated
the forest clearances. Meanly agricultural
activities disappeared but grazing ones
remain standing in the vicinity of
the mire.

LPAZ-3 (79–27) 950–380 This zone is marked by the slightly increase in Quercus pyrenaica
(25%–46%) and the presence of Pinus nigra and Pinus pinaster.
Poaceae (8%–32%), Pteridium aquilinum (2%–22%), Castanea sativa
and Olea europaea europaea (<5%) are also present. Human impact
indicators as anthropogenous, anthropozoogenous herbs and copro-
philous fungi show similar percentages as in the previous zone. It is
remarkable coprophilous fungi reach maximum values (35%) in the
middle of this zone, fitting herbs and Eagle fern decreasing peaks
and MS maximum values. Shallow water NPPs also reach maximum
percentages (15%) �750 cal yrs BP. CHAR values are high at the
end of the zone �530 cal yrs BP (30 particles cm-2 yr-1).

Open forest still dominated by Quercus pyre-
naica with Pinus nigra stands. Arable
fields and olive groves reappeared and
anthropogenic and livestock pressure are
evident. Fire occurrence is variable.

FBP-4 (27–0) 380-(-65) The major characteristic of this zone is the decrease in Quercus pyrena-
ica (11%) and its replacement by Pinus pinaster (62%), which
reaches the minimum and maximum values respectively, meanwhile
Pinus nigra remain constant. Poaceae and Pteridium aquilinum
slightly decrease. The regular occurrence of Castanea sativa and
Olea europaea europaea suggest human pressure in the lowlands.
Disappearance of rye, sporadic presence of cereals and Vitis and
decreasing curves of anthropogenous (<11%), anthropozoogenous
herbs (<5%) and coprophilous fungi (<7%) show low human and
livestock activity close to the mire. CHAR show very low values
�380–0 cal yrs BP (2–12 particles cm-2 yr-1).

maritime pine becomes more and more
important in the oak forest. Pinus pinaster
and Quercus pyrenaica co-dominated and
scattered Pinus nigra trees remained in
the forest. Agricultural activity is constant,
meanly in lowlands. Fire incidence,
anthropogenic and livestock pres-
sure decreased.
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nigra type percentages �700–520 cal yrs BP could be related
to the extraction of wood, livestock activities or cereal crop-
ping related to fire events in the Spanish Central System and
the North Iberian Plateau (Mart�ınez-Garc�ıa 2002; Morales-
Molino et al. 2017).

A remarkable event is recorded �630 cal yrs BP between
two fire events (633 and 578 cal yrs BP) and occurring with
an increase in MS. It is characterized by a marked decrease
of Poaceae, anthropogenic herbs and Pteridium aquilinum, a
very sharp increase in coprophilous fungi, reaching the max-
imum values �630 cal yrs BP, and a slight decrease in Q. pyr-
enaica. The results suggest erosion events associated to fires
and grazing. This occurred 50 years after the creation of the
royal privileged granted by ‘Real Concejo de la Mesta’, which
regulated the transhumant cattle passages in the 13–17th
centuries AD (Klein 1981). The palynological data suggest fire
driving to use mountain areas as summer pasturelands to
complement the supply of herds that occupy lowlands the
rest of the year, following the ancient transterminant-type
livestock model (L�opez-S�aez et al. 2018c). The fire activity in
Manaderos is intense during LPAZ-3, especially during the
Christian/Feudal period (Figures 3 and 6). The two first fire
events �941 and 809 cal yrs BP belong to the beginning of
this period and the end of the Muslim period and matches
with two charcoal peaks registered in El Tiemblo pollen
sequence between 1000 and 800 cal yrs BP (L�opez-S�aez et al.
2017, 2018d). The high fire activity in the Medieval Ages is
also shown in the whole period in Puerto de Serranillos, con-
sidered a cattle track, and between 600 and 540 cal yrs BP in
Fuente del Pino Blanco (Gredos Range; L�opez-Merino et al.
2009b; Robles-L�opez et al. 2018a).

During the Christian/Feudal period, a climatic event within
the Late Medieval Warm Episode (�1000–600 cal yrs BP)
should be pointed out. The sharp increase of shallow water
indicators such as Spirogyra and HdV-18 (Figures 3 and 4)
show wet conditions between �800 and 680 cal yrs BP.
Meanwhile, the close record of Cimera lake and other
records show an aridity phase in this period (S�anchez-L�opez
et al. 2016). The increased humidity has been registered in
lowland pollen sequences, like R�ıa de Vigo (Northwestern
Iberia), Tablas de Daimiel (Central Iberia) and Almenara de
Adaja (central-northern Iberia; Desprat et al. 2003; Gil-Garc�ıa
et al. 2007; L�opez-Merino et al. 2009a), and in highlands like
Fuente de la Leche and El Tiemblo (Gredos Range; L�opez-
S�aez et al. 2017; Robles-L�opez et al. 2018a). The causes of
these fluctuations could be related to climate instability dur-
ing the Late Medieval Warm Episode, with moderate rainfall
and severe drought episodes or variation in the North
Atlantic Oscillation, being central Iberia a transitional area
(Desprat et al. 2003; Mart�ın-Puertas et al. 2008; Moreno
et al. 2012).

The beginning of the Early Modern Period �500–380 cal
yrs BP is also recorded in LPAZ-3 showing relative continuity
but the increasing Q. pyrenaica values suggest a short phase
of forest recovery. The Pyrenean oak expansion or stability is
also reported in El Redondo, El Tiemblo, Pozo de la Nieve
and Fuente del Pino Blanco pollen records in the Gredos
Range (L�opez-S�aez et al. 2016a, 2017; Robles-L�opez et al.

2018a, 2018b). This occurrence coincides with the develop-
ment of ordinances to protect the natural forest resources in
the 16th century AD (Troiti~no 1999; L�opez-S�aez et al. 2014).

Despite the results, the Early Modern Period (500–150 cal
yrs BP) is considered a time of overall economical expansion,
prolonging the trend observed in the previous period and
even intensifying the human pressure (Ezquerra and Gil
2008). In that sense, the charcoal time series from
Manaderos shows the highest fire frequency registered in
that sequence (3, 5 fires 300�yr�1) �450 cal yrs BP suggesting
recurrent fire events (Figure 6). In relation to this fact, the
human pressure associated to farming activities keeps on
being noticeable, as revealed by the curves of coprophilous
fungi and anthropozoogenous herbs curves. Nevertheless, it
seems to be a lack of groves and crops locally, according to
their very low percentages (<5% and 0%, respectively) in
this period (500–380 cal yrs BP; Florenzano et al. 2017).

The establishment of Pinus pinaster woodlands

In LPAZ-4 a turning point should be remarked �380–23 cal
yrs BP. These samples are represented in the right side on
the PCA axis 1 (Figure 5), such as P. pinaster and P. sylvestris/
nigra type, reflecting their affinity with a pine forest without
grazing pressure. The percentages of Q. pyrenaica and P. pin-
aster invert their trends, suggesting the substitution of the
Pyrenean oak woodland by a maritime pine forest (Table 4,
Figure 4). This colonization has been attested �400 cal yrs BP
in other pollen records from the southern slopes of the
Spanish Central System such as San Esteban del Valle, Pe~na
Negra, Labradillos and Fuente del Pino Blanco in the Gredos
Range, and El Ma�ıllo in the Francia Range (Figure 1; L�opez-
S�aez et al. 1997; Abel-Schaad and L�opez-S�aez 2013; Morales-
Molino et al. 2013; Robles-L�opez et al. 2017, 2018a).
Agricultural activities remained near the mire and the low-
lands and were characterized by the presence of Cerealia
and Vitis pollen grains, while the low percentages of copro-
philous fungi attest to scarce grazing pressure.

In the second half of the Early Modern period
(380–150 cal yrs BP), Q. pyrenaica and Poaceae reaching min-
imum values (11% and 7%) while P. pinaster the maximum
(62%) (Table 4). This occurrence concur with a high fire activ-
ity, marked by three fire events (424, 369 and 336 cal yrs BP)
and a high fire recurrence, characterized by the lowest FRI
(FRI ¼ 33 yr) registered in Manaderos (Figure 6). These facts
suggest that recurrent fires could be triggering the maritime
pine colonisation, which could be maintained by humans
(Robles-L�opez et al. 2018a). This species presents serotiny
and is an obligate seeder (Calvo et al. 2003), showing con-
trasted strategies of post-fire regeneration as compared to
the resprouter Pyrenean oak (Tapias et al. 2004; Pausas and
Keeley 2017). The recurrent fires could destroy the humus in
the soil and as a consequence, create difficulties for the
resprouting of the latter, which requires developed soils
(T�arrega 1990; Carcaillet et al. 1997; Carri�on et al. 2000b;
Torres et al. 2016). The fire events could be also associated
to crop activities due to its co-occurrence with Vitis presence
in the pollen diagram and an increase in Castanea sativa
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values (Figures 3 and 4). This chronological framework is
considered a time of overall agricultural expansion, due to
the continuous population growth (L�opez-S�aez et al. 2014).
On the contrary, low levels of coprophilous fungi and anthro-
pozoogenous herbs (<5%) show the lack of livestock activ-
ities, presenting opposite results respect to the majority of
the cattle passages in the Gredos Range (L�opez-S�aez et al.
2018c). The low grazing pressure it is also found in the Early
Medieval period of Ojos Albos, Puerto de Casillas and Fuente
del Pino Blanco pollen records (L�opez-S�aez et al. 1997;
Blanco-Gonz�alez et al. 2009; Robles-L�opez et al. 2018a).

The second turning point in LPAZ-4 occurred in the Late
Modern period (150 cal yrs BP-present) and is characterized
by a sharp depletion in P. pinaster and the increase of Q. pyr-
enaica, Poaceae, Pteridium aquilinum and coprophilous fungi
values (Figure 3). The maritime pine seems to show the
same trend as in Lanzah�ıta record, present in the nearby
(L�opez-S�aez et al. 2010). In that period disappeared cereal
crops near the mire, as well as in Pe~na Negra, Navarredonda
and El Redondo, and maintained Castanea sativa, such as in
Navarredonda, and Olea, which experimented a noticeable
grow in the majority of the pollen records of the Spanish
Central System, for example in Puerto del Pico (Franco-
M�ugica et al. 1997; Abel-Schaad and L�opez-S�aez 2013;
L�opez-S�aez et al. 2014, 2016b).

A fire event �61cal yrs BP occurred at the same time as Q.
pyrenaica, Poaceae, Pteridium aquilinum and coprophilous
fungi show decreasing values while maritime pine rise again
(Figures 3 and 6). This event concurs with a significant retreat
of the Pyrenean oak also observed in El Redondo, coinciding
with the Confiscation Laws of mid-19th century AD, which led
to indiscriminate felling of oak forests in order to defray the
costs of the purchase of farms (Mart�ınez-Ruiz 1996; Palacios-
Estremera 2013). The felling could have affected to the
amount of pollen production, reflecting low values in the
Manaderos pollen diagram (Figure 3; Waller et al. 2012).
Agricultural activities are not reported in the mire and live-
stock grazing only �60cal yrs BP, coinciding with the fire
event, suggesting new clearances to obtain pastures.

Conclusions

In the Gredos Range, pine species have co-existed and con-
stituted the most important vegetation type in
Mediterranean mountains, being subjected to human impact
and fire dynamics. The treeline fluctuations in Manaderos,
related to Pyrenean oak dynamics and responses to climatic
events are especially interesting. This vegetation history
improves the biogeography and ecology knowledge about
supra-Mediterranean pines and oak in the Gredos Range dur-
ing the Late Holocene, thanks to multiproxy studies.

Since the formation of the Manaderos mire �1260 cal yrs
BP and until 380 cal yrs BP the open Q. pyrenaica forest with
P. nigra stands were resilient to fire and human disturbance
and climatic changes. Deforestation events and grazing and
agricultural activity was noticed during the Visigoth period
(�1450–1240 cal yrs BP), the Muslim period (�1240–850 cal
yrs BP) and the Feudal period (�850–500 cal yrs BP),

although such anthropic dynamics never caused a deep
alteration of the oaks and black pine forests since these
remained resilient. The forest was cleared using fire to obtain
new pastures for agricultural and grazing exploitation. At
�600 cal yrs BP, the palynological data of Manaderos remark
the development of the ‘Concejo the la Mesta’, an agro-pas-
toral system that regulated transhumant routes throughout
the Iberian peninsula.

A turning point occurred �380 cal yrs BP, P. pinaster
started to substitute Q. pyrenaica in the supra-Mediterranean
bioclimatic belt, while P. nigra stands remained at this alti-
tude. According to the minimal fire recurrence interval
reached in the Manaderos sequence during that period, it
could be postulated that recurrent fires favored expansion of
the maritime pine.
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