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Persistence of relict tree species in Mediterranean environments is becoming increasingly unlikely in view of ongoing
and future global change. The variability in the Holocene climate and more recent anthropogenic impacts have driven
many populations to fragmentation and isolation, and even to extinction. However, some have persisted to the present day.
The understanding of their evolution requires long-term studies, in which pollen analysis is a key approach both for for-
mulating hypotheses and supporting results from other disciplines. Mountain ranges have played and still play an essential
role as both glacial and interglacial refugia during the Quaternary. The Spanish Central System harbors an exceptional di-
versity due to its geographical location and complex topography. Some cold-adapted species have survived here with sig-
nificant proportions of their southernmost populations, often displaying striking adaptations to their changing environments.
This work contains a comprehensive review of the palynological investigations conducted in the Spanish Central System,
and reveals the distribution of genera such as Taxus, Betula, Fagus, Carpinus and Tilia throughout the Holocene. We also
highlight the scarcity of well-dated and high-resolution works, which may contribute to a better understanding of their
recent and future evolution.
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Resumen:Abel Schaad, D., Pulido-Díaz, F.J., López-Sáez, J.A., Alba Sánchez, F., Nieto Lugilde, D., Franco Múgica,
F., Pérez Díaz, S., Ruiz Zapata, M.B., Gil García, M.J. & Dorado Valiño, M. Persistencia de especies arbóreas relictas a
lo largo del Holoceno en el Sistema Central español. Lazaroa 35: 107-131 (2014).

La persistencia de especies forestales relictas en ambientes mediterráneos es cada vez más incierta, especialmente en
escenarios actuales de cambio global. La variabilidad del clima en el Holoceno y, más recientemente, los impactos antró-
picos han llevado a muchas poblaciones a la fragmentación y el aislamiento, e incluso a la extinción, aunque algunas de
ellas han permanecido hasta la actualidad. El conocimiento de su evolución requiere de estudios a largo plazo, entre los
cuales el análisis polínico supone una aproximación importante, tanto para formular hipótesis como para verificar los re-
sultados obtenidos en otras disciplinas. Por otra parte, las cadenas montañosas han jugado, y aún juegan, un papel esencial
como refugios glaciales o interglaciales durante el Cuaternario. El Sistema Central español alberga una diversidad excep-
cional debido a su posición geográfica y a su compleja topografía. Algunas especies adaptadas al frío tienen aquí una parte
importante de sus poblaciones más meridionales, que probablemente muestran interesantes adaptaciones a los ambientes
cambientes. En este trabajo, una exhaustiva recopilación de las investigaciones palinológicas desarrolladas a lo largo del
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INTRODUCTION

POLLEN RECORDS AND RELICT SPECIES

Besides the evolution of the dominant tree taxa
throughout the Holocene in the Mediterranean re-
gion, pollen analyses record sporadically the pre-
sence of some types (i.e. Taxus, Betula, Fagus,
Carpinus, Tilia) representing species that cu-
rrently grow in isolated pockets, usually at high
altitudes close to watercourses. Some of them are
already extinct and the future of the remaining
ones is uncertain (HAMPE & PETIT, 2005; THUI-
LLER & al., 2008; ALLEN & al., 2009; ASHCROFT,
2010; GOTTFRIED & al., 2012; RUIZ-LABOURT-
DETTE& al., 2012; PéREZ-DíAZ & al., 2013). The
factors underlying the persistence of these taxa is
increasingly gaining more attention from resear-
chers as they could shed light on current debate
on climate change, tree phylogeography, response
to disturbances, evolutionary adaptations or fu-
ture conservation strategies (THUILLER & al.,
2008; PEARMAN & al., 2008; POSTIGO & al., 2010;
STEWART & al., 2010; GOTTFRIED & al., 2012). 

Cold-adapted tree species have been conside-
red as climate relicts (HAMPE & JUMP, 2011,
LóPEZ-SáEZ & al., 2013), growing in suitable
sites, surrounded by unhospitable habitats under
distinct environmental conditions. Such locations
can often constitute local refuges, as they main-
tain, presumably for a long time, favorable featu-
res which are absent in the surrounding landscape
(BENNET & PROVAN, 2008; STEWART & al., 2010;
DOBROWSkI, 2011; WILLIS & MACDONALD, 2011;
kEPPEL & al., 2012). 

Climatic and anthropogenic disturbances have
conditioned the persistence of tree populations
since the Last Glacial Maximum (TURNER & al.,
2008; GIESECkE & al., 2011; PéREZ-OBIOL & al.,
2011; HENNE & al., 2013; JOANNIN & al., 2012;
COLOMBAROLI & al., 2013). The responses of tree

species to these changes depend on environmen-
tal factors but also on species-specific life history
traits (LAVERGNE & al., 2010; HAMPE & JUMP,
2011). Regarding environmental factors, moun-
tains are "natural laboratories" (JUMP & al., 2009)
for the study of distribution shifts because of their
strong altitudinal zonation and high climatic sen-
sitivity (PARMESAN, 2006; PéREZ-OBIOL & al.,
2011). They also support habitat mosaics and
contain steep climatic gradients allowing the de-
coupling from regional climatic patterns (DO-
BROWSkI, 2011; NIETO-FELINER, 2011). This
spatial heterogeneity promotes a high biodiversity
(köRNER & OHSAWA, 2005; MèDAIL & DIADEMA,
2009) and also range shifts (ROBLEDO-ARNUNCIO
& al., 2005; HAMPE & JUMP, 2011; LENOIR &
SVENNING, 2013). In addition, East-West orienta-
tion of mountain ranges enhances microclimatic
amplitude (GóMEZ & LUNT, 2007; STEWART & al.,
2010). Thus, the Spanish Central System (here-
after SCS) is a straightforward scenario to assess
the recent evolution of these relict populations,
especially of those located at the southernmost
range limits (LóPEZ-SáEZ, 1993; LóPEZ-SáEZ &
LóPEZ-GARCíA, 1994; HAMPE & PETIT, 2005;
PETIT & al., 2005; THUILLER & al., 2008; PAU-
TASSO, 2009). 

Among species features favoring persistence,
dispersal-related traits have been highlighted
(BHAGWAT & WILLIS, 2008; HAMPE & JUMP,
2011), as well as thermal and drought tolerances
(AITkEN & al., 2008; ALLEN & al., 2009; SANZ &
al., 2009; LAVERGNE & al., 2010; DOBROWSkI,
2011). Species may respond to disturbances
through migration, adaptation or extinction (PAR-
MESAN, 2006; THUILLER & al., 2008; ALBA-SáN-
CHEZ & al., 2010; WILLIS & MACDONALD, 2011).
There are evidences of Holocene extinctions and
elevational shifts (ROBLEDO-ARNUNCIO & al.,
2005; AITkEN & al., 2008; JUMP & al. 2009; WI-
LLIS AND MACDONALD, 2011; ABEL SCHAAD,

Sistema Central español muestra la distribución de géneros como Taxus, Betula, Fagus, Carpinus y Tilia durante el Holo-
ceno, y asimismo llama la atención sobre la escasez de trabajos bien datados y de alta resolución, que podrían mejorar el
conocimiento de su  evolución reciente y futura.

Palabras clave: especies arbóreas relictas, Taxus, Betula, Fagus, Carpinus, Tilia, Sistema Central español, Holoceno,
Análisis polínicos.
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2012), while adaptative and plastic responses are
not yet well understood (DAVIS & al., 2005; JUMP
& al., 2009; LAVERGNE & al., 2010; HAMPE &
JUMP, 2011; LENOIR & SVENNING, 2013).

Palaeoecological information from pollen re-
cords provides a reliable tool to interpret the long-
term distribution patterns of tree species, as fossil
evidence is needed to give a non- speculative ex-
planation. Thus, it is extensively used both to for-
mulate hypothesis and support results from other
approaches (DAVIS & al., 2005; SVENNING & al.,
2011; WILLIS & MACDONALD, 2011; kEPPEL &
al., 2012). In this paper, a comprehensive review
of pollen records of Betula, Carpinus, Fagus,
Taxus and Tilia in the SCS is presented, in order
to show their evolution throughout the Holocene
as well as their responses to climatic and anthro-
pogenic disturbances. Pollen records of Fagus in
the SCS somehow question the theories about its
Late Holocene expansion from northern popula-
tions. Thus, a Species Distribution Model has also
been developed to better illustrate this issue.

MAIN FEATURES OF HOLOCENE VEGETATION
INTHE SCS

Holocene records spanning back beyond the
last 6,000 years are scarce in the SCS (RUIZ-ZA-
PATA & al., 1998). Nonetheless, an overall pattern
of the evolution of vegetation throughout the Ho-
locene can be established. The oceanic influence
defines distinct landscapes along a west-east gra-
dient (FRANCO MúGICA, 1995; GAVILáN & al.,
1998; ABEL SCHAAD, 2012). 

The Early Holocene is characterized by the
spread of birch forests in the western sector and
the prevalence of pinewoods eastwards. The pre-
sence of mesophilous taxa like Quercus or Cory-
lus increases westwards, due to milder climatic
conditions. 

The Middle Holocene is a period of more stable
climate (CHEDDADI & al., 1997; BREWER & al.,
2009; CARRIóN & al., 2010; VANNIERE & al., 2011;
MAGNy & al., 2012), disrupted by the first eviden-
ces of human impact on the landscape. The first tra-
ces of agriculture are found around 5000 cal yr BP.
From the Chalcolithic (5300-3900 cal yr BP) on-
wards a more extensive land use is recorded, trig-

gering the clearance of forests to conduct farming
and grazing activities (LóPEZ-SáEZ & al., 2013). 

An increasing human pressure is recorded in
the Late Holocene, especially during Roman
times, with a large-scale deforestation of mid-al-
titude areas and the cultivation of sweet chestnut
and olive groves. In the Middle Ages shrublands
spread mainly in high-altitude areas, also with a
distinct geographical pattern: heathlands on the
western sector and in the easternmost ranges (Ay-
llón and Pela), and broom communities in the
central ones. This high anthropic impact blurs the
climatic influence on vegetation whereas human-
induced fires, grazing and, more recently, the
growth of forest crops, become the major drivers
of landscape change (LóPEZ-SáEZ & al., 2013). 

MATERIAL AND METHODS

STUDy AREA

The SCS (Figure 1) is a mountain range appro-
ximately 400 km long which divides the Duero
and Tajo basins (PEDRAZA & CARRASCO, 1999),
with a WSW-ENE general layout (RIVAS-MARTí-
NEZ & al., 1987; UBANELL, 1994). It consists of a
series of mountain ranges ("sierras") separated by
depressions or troughs which represent natural
corridors between the two subplateaus (DE VI-
CENTE & al., 1994; PEDRAZA & CARRASCO, 1999;
MARTíN VELáZQUEZ & ELORZA, 2007). It is a
chain of sunken or elevated blocks (PEDRAZA,
1994; MUñOZ BARCO & MARTíNEZ FLORES,
2005), which, according to the materials, granitic
or metamorphic, is sorted out in different tectonic
styles (DE VICENTE & al., 1994). Related to this
dynamics is the asymmetry between the northern
and southern slopes of the mountain range, parti-
cularly in the western sector, because of the alti-
tude of the northern plateau respect to the
deeply-set valleys in the Tagus basin (MUñOZ
BARCO & MARTíNEZ FLORES, 2005). Glacial mor-
phologies are also present at the highest alevation
areas of the range, above 1900 masl (PEDRAZA &
CARRASCO, 2006). Along with these processes,
modeling by fluvial erosion has essentially set the
current relief (APALATEGUI & al., 2006).
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The climate is of a Mediterranean type, charac-
terized by a summer drought period lasting 3-5
months and more intense rainfall in autumn and
winter (DEVESA ALCARAZ, 1995). As for tempera-
tures, there are more thermic conditions on the
southern slopes, thanks to its lower elevation and
greater sun exposure. Furthermore, there is a con-
tinentality gradient which tends to increase from
more western areas, near the Atlantic coast, inland
(PEINADO LORCA & RIVAS-MARTíNEZ, 1987; GA-
VILáN & al., 1998). Dominant southwest humid
winds cause, similarly, a greater abundance of pre-
cipitation on the southern slopes (GAVILáN & al.,
1998). Differences in altitude offset in many cases
the influence of these gradients.

Vegetation is dominated by oak forests of
Quercus pyrenaica, especially in the western sec-
tor at mid altitudes. In the lowlands, these forests
contact with holm oak (Q. ilex) and cork oak (Q.
suber) woodlands. Above them, different Q. pyre-
naica communities develop according to rainfall
ranges. To the east, pine forests acquire greater
prominence, especially in the mountains of Gre-
dos and Guadarrama, where P. sylvestris stands re-
present the timberline. Altitudes over 1.600 masl
are widely occupied by shrublands, where brooms
like Cytisus oromediterraneus, Echinospartum
ibericum, E. barnadesii or, in more humid areas,

heathlands mostly composed by Erica australis,
constitute the main features of the landscape. Fi-
nally, grasslands are the dominant vegetation in
the highest areas.

POLLEN REVIEW

A comprehensive review of all available pollen
records (Table 1), both from natural and archaeo-
logical sites, in the SCS (LóPEZ-SáEZ & al., 2013)
has been carried out. We focused our attention in
the presence of Betula, Taxus, Fagus, Carpinus
and Tilia pollen types. Calibrated radiocarbon
dates are given as cal yr BP. Whenever the au-
thors present their own age-depth model it has
been followed in the text. In those sites with their
own age-depth models or without radiocarbon
dates, the chronology given by their original au-
thors has been assumed. 

FAGUS SyLVATICA RANGE MODELLING

In order to gain a better understanding of the
Holocene distribution of the Fagus sylvatica L.
populations at their southern limit, we have inte-
grated species distribution models (SDMs) to ex-
plain the palaeopalynological records collected
throughout the SCS. F. sylvatica was modelled,

Figure 1. – Main mountain ranges forming the Spanish Central System.
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first by calibrating the model for their current dis-
tributions in relation to the present climate, and
then applying it to the Middle Holocene (6.000
cal yr BP) period to hindcast its past distribution.

CLIMATE DATA

Current monthly temperature and precipitation
data were downloaded from the WORLDCLIM
database (HIJMANS & al., 2005) at 30’’ resolution
(~1 km cell size at the equator). The same current
variables and their paleoclimate reconstructions for
the Mid- Holocene were downloaded from the
PMIP2 database (BRACONNOT& al., 2007) at the
original resolution of 2.5° cell size (~ 250 km cell
size at the equator) for the models CCSM3 (OTTO-
BLIESNER & al., 2006) and MIROC3.2 (HARUMI &
EMORI, 2004). As changes in climate are assumed
to be relatively stable over space (i.e. high spatial
autocorrelation), a simple method has been used to
downscale palaeo-reconstruction to the finer reso-
lution of WORLDCLIM database (CCAFS CLI-
MATE, 2013). Climate anomaly (difference
between current and palaeoclimate) was calculated
at the coarser resolution and then statistically
downscaled (i.e. spline interpolated) to 30’’ reso-
lution. Then, the anomalies were summed to the
current data from the WORLDCLIM database. 

After that, three variables have been derived,
i.e. absolute minimum temperature, precipitation
seasonality and water balance, from the monthly
climate data representing cold tolerance, adapta-
tion to summer drought and moisture require-
ments, respectively. These factors are well-known

to affect plant species distribution and have been
successfully used in SDMs (SkOV & SVENNING,
2004). Absolute minimum temperature and water
balance were calculated following SkOV & SVEN-
NING (2004); precipitation seasonality was calcu-
lated as the coefficient of variation of the monthly
precipitations. The predictor variables had low
correlations among them (Spearman correlation,
rs < 0.65).

FAGUS DISTRIBUTION DATA AND SPECIES
DISTRIBUTION MODEL (SDM)

The Forest Map of Spain (1:200000) was the
cartographic base for estimating the current range
of F. sylvatica (RUIZ DE LA TORRE, 1990). This spe-
cies is currently restricted to the Iberian Northern
Mountains, occupying mainly the Pyrenees and the
Cantabrian Range, while its southernmost distri-
bution reaches areas of the SCS. All the cells se-
lected in the study area overlap in more than a 50
% with the distribution range of F. sylvatica drawn
from the distribution map. 11190 pseudo-absence
points (WISZ & GUISAN, 2009) were randomly se-
lected from all the cells in the study area (i.e. the
Iberian Peninsula) where F. sylvatica had not been
reported. This number of pseudo-absences is a high
enough and equals the number of presences at the
same time. In order to evaluate the model we ran-
domly splitted the whole dataset, presences and
pseudo-absences, into a 70 % calibration set and a
30 % validation set for testing purposes. 

In order to model the potential distribution of
F. sylvatica Generalized Linear Models (GLM)

Table 1
Number of sequences and radiocarbon dates of the Spanish Central System analyzed 

(For more details, see LóPEZ-SáEZ & al., 2013)

Mountain range N. sequences by altitude (m asl) N. radiocarbon
< 1000 1000-1500 1500-2000 >2000 dates

Ayllón - 9 1 2 10
Guadarrama 2 11 16 5 45
Gredos 5 31 19 - 61
Béjar 2 5 - - 19
Francia - 4 5 1 14
Gata - 1 - - 1
TOTAL 9 61 41 8 150
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were performed, using the binomial family with a
logit link function (GUISAN & al., 2002). As F. sylva-
tica is widely distributed in central and northern Eu-
rope we used only linear terms of the predictor
variables, aiming to represent the environmental li-
mits of the species’ climatic niche. 

The previous model was used in order to hind-
cast the potential distribution of F. sylvatica du-
ring the Mid-Holocene, projecting it over the
paleoclimate variables (NOGUéS BRAVO, 2009).
Then, we used the threshold that optimizes the
sum of sensitivity and specificity of the training
dataset to differentiate suitable areas vs. non-sui-
table areas (LIU & al., 2005).

The model was evaluated using the Area
Under the receiver operating characteristic Curve
(AUC), a threshold independent measure, and
True Skill Statistic (TSS), a threshold dependent
measure. AUC is a statistic derived from a gra-
phical plot that illustrates the model performance
as a function of its discrimination threshold (PHI-
LLIPS & al., 2006). Despite its value varies bet-
ween 0 and 1, values below 0.5 are rare and its
interpretation implies the model performs worse
than random. Values of 0.5 mean that the model
performs as good as a random guess, whereas 1
means a perfect discrimination power. TSS is a
modification of the classical kappa (ALLOUCHE
& al., 2006). Its value lies between -1 and 1,
where 0 is interpreted as a poor model and 1 as
the perfect fit. Values below 0 are rare and, simi-
larly to AUC, they mean a model performing
worse than random.

RESULTS AND DISCUSSION

Current forest cover is considered to have been
mainly shaped by climatic and human disturban-
ces since the onset of the Holocene (JALUT & al.,
2009; HENNE & al., 2013). 

This period has generally been considered as
a period of climate stability, compared to the
rapid and intense variability of the Last Glacial.
However, recent studies have revealed the exis-
tence of significant short-term decadal to cen-
tennial climate variability (e.g: MAyEWSkI & al.,
2004; WANNER & al., 2008, 2011; JALUT & al.,

2009). Among the diverse climatic factors, rain-
fall regime and specifically summer precipita-
tion is considered the main determinant of
Mediterranean holocene vegetation changes,
specially on its first half (TZEDAkIS, 2007; CO-
LOMBAROLI & al., 2008; DORMOy & al., 2009;
JALUT & al., 2009; FINSINGER & al., 2010;
BRAySHAW & al., 2011; MAGNy & al., 2011,
2012; PEyRON & al., 2011, 2012), affecting both
the intensity and the recurrence of fire activity
(GIL-ROMERA & al., 2010; VANNIERE & al.,
2011).

The Holocene has been proposed to be subdi-
vided into three main periods: i) Early Holocene,
between 11.700 and 8.200 cal yr BP, ii) Middle
Holocene, between 8.200 and 4.200 cal yr BP,
and iii) Late Holocene, from 4.200 cal yr BP to
present (WALkER & al., 2012). This subdivision
fits well with Northern and Central European in-
vestigations (LJUNGQVIST, 2011), but the boun-
dary between Early and Middle Holocene seems
to be better established around 7.500-7.000 cal yr
BP for the Mediterranean Region (PEyRON & al.,
2012; WALkER & al., 2012).

In general terms a humid and temperate period
could have been occurred throughout the Medi-
terranean Region on the Early Holocene (11.700-
7.500/7.000 cal yr BP), nuanced by a high
seasonality, specially on its second half (JALUT &
al., 2009; DORMOy & al., 2009; ABRANTES & al.,
2012; FINSINGER & al., 2010; PEyRON & al., 2011;
BRAySHAW & al., 2011; VANNIERE & al., 2011;
MAGNy & al., 2012) and interrupted by the coo-
ling and drying 8.2 cal kyr BP event (kOBASHI&
al., 2007; LóPEZ-SáEZ & al., 2008; CACHO & al.,
2010).

The Middle Holocene (7.500/7.000-4.500/4.000
cal yr BP) was a more stable period, with less se-
asonality, wetter and probably cooler in the sou-
thern areas, with a contrasting pattern in areas
north of 40ºN (CHEDDADI & al., 1997; BREWER &
al., 2009; CARRIóN & al., 2010; BARTLEIN & al.,
2011; PEyRON & al., 2011; VANNIERE & al., 2011;
MAGNy & al., 2012). It is also considered as a tran-
sition phase towards more arid conditions ending
ca 5.500-4.500 cal yr BP (DORMOy & al., 2009;
JALUT & al., 2009; PéREZ.OBIOL & al., 2011;
MAGNy & al., 2012).



The Late Holocene (4.500/4.000 cal yr BP-pre-
sent) shows an increasing aridification and seasona-
lity, specially in southern areas (JALUT & al., 2009;
CARRIóN & al., 2010; GIL-ROMERA & al., 2010;
BRAySHAW & al., 2011; MAGNy & al., 2012; PEy-
RON & al., 2012), and also a general trend to cooler
conditions which characterizes the Neoglatial period
in the Northern Hemisphere (LJUNGQVIST, 2011;
WANNER & al., 2011). From 3.500/3.000 cal yr BP
onwards temperatures and seasonality increase as
full Mediterranean climatic conditions get installed,
with an opposite pattern in northern areas (FRIGOLA
& al., 2007; JALUT & al., 2009; MARTíNEZ-CORTIZAS
& al., 2009; VANNIERE & al., 2011). A humid period
is recorded for the Iberian peninsula from 2.800 to
1.600 cal yr BP (Roman Humid Period), followed
by a warm and arid period between ca. 1600 to 600
cal yr BP (Medieval Climate Anomaly) and a cold
and wet phase between 600 and 150 cal yr BP (Little
Ice Age) (MARTíN-PUERTAS & al., 2010; NIETO-MO-
RENO & al., 2011), before the settlement of Recent
Warming (WANNER & al., 2011).

On the other hand, first evidences of human im-
pact are recorded ca. 5000 cal yr BP, with traces of
agriculture in the Gredos and Guadarrama ranges
(FRANCO MúGICA, 1995; LóPEZ-SáEZ & BLANCO
GONZáLEZ, 2005; FABIáN, 2006; LóPEZ-SáEZ &
LóPEZ-MERINO, 2007), although grazing activities
were likely developed much earlier (e.g: FRANCO
MúGICA, 1995; RUIZ ZAPATA, 2011; ABEL SCHAAD,
2012; MORALES-MOLINO & al., 2013). The Chal-
colithic period (ca. 5300-3900 cal yr BP) shows
the first occurrences of large-scale deforestation
and a more extensive land use, due to a progressive
sedenterisation of the population (SHERRAT, 1981;
VICENT, 1995, 1998). During the transition from
the Late Chalcolithic to the onset of the Early
Bronze Age (ca. 4350- 3800 cal yr BP), coinciding
with the 4.2 ka cal yr BP dry event, the Chalcoli-
thic agrarian landscape collapsed and became more
pastoralist oriented, with a major decline in the
number of settlements (FABIáN & al., 2006).

The onset of the Iron Age (ca. 2850-2050 cal
yr BP) shows a sustained trend of rising popula-
tion (FERNáNDEZ-POSSE, 1998; BLANCO GONZá-
LEZ, 2010), specially in high-altitude areas of
central Iberia (BLANCO-GONZáLEZ, 2010), favou-
red by the onset of a climatic abrupt change to-

wards wetter conditions ca. 2800 cal yr BP (VAN
GEEL & al., 1998; BOND & al., 2001; LóPEZ-SáEZ
& BLANCO-GONZáLEZ, 2005; LóPEZ-SáEZ & al.,
2009). The human impact differentially affected
the western and eastern sectors, being more pro-
nounced on the latter (FRANCO MúGICA & al.,
2001; CURRáS & al., 2012). Roman times (ca.
2050-1500 cal yr BP) are characterized by large-
scale deforestations, as a consequence of the in-
tensification of cropping, grazing, mining and
forestry (áLVAREZ-SANCHíS, 1997; SáNCHEZ-PA-
LENCIA & al., 2003; BLANCO-GONZáLEZ & al.,
2009). Only the Gredos range, in the central sec-
tor of the SCS, suffered a lesser impact due to its
inaccessibility (ABEL SCHAAD, 2012).

The Middle Ages (1500-500 cal yr BP) is a pe-
riod of increasing human pressure, with large cle-
arance processes at high-altitudes, within a clear
livestock-oriented pattern, although new lands
were also brought into cultivation (BLANCO-GON-
ZáLEZ & al., 2009; LóPEZ-SáEZ & al., 2009B; ABEL
SCHAAD, 2012). During the Feudal Period (850-
500 cal yr BP) the current high-altitude landscape
of the SCS, with open grasslands and shrublands,
is considered to have been developed due to the in-
tensification of farming activities and livestock
husbandry, the creation of La Mesta system of tras-
humant herds moving through the drove roads of
these mountains, as well as the repeated use of fire
(FRANCO MúGICA, 1995; ABEL SCHAAD, 2012;
ABEL SCHAAD & LóPEZ-SáEZ, 2013).

A further intensification of human pressure
took place in the Early Modern Period (500-150
cal yr BP) marked, related to cropping, with a no-
teworthy broad expansion of olive groves, but
also to livestock husbandry. High fire recurrence
is reflected in alternating peaks of grasslands and
scrublands in pollen diagrams. Finally, Late Mo-
dern Period (150-0 cal yr BP) brings major poli-
tical changes which do not lighten human impact
on most montane areas, but it is besides enhanced
with an overall spread of forestry (ABEL SCHAAD,
2012; ABEL SCHAAD & LóPEZ-SáEZ, 2013). 

BETULA

Two species are acknowledged in the Iberian
Peninsula for this genus, Betula alba L. and B.
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pendula Roth. (CASTROVIEJO & al., 1990). Bir-
ches are heliophilous species with a wide ecolo-
gical range (COSTA TENORIO & al., 1997). They
have high dispersal ability thanks to their small
wind-dispersed seeds and vegetative regeneration
(DAVID & BARBERO, 1995). These features imply
a great plasticity to changes and a pioneer charac-
ter, as revealed by their current relatively wide
distribution area in the Iberian Peninsula (COSTA
TENORIO & al., 1997) and recent findings in the
western sector of the SCS (PULIDO & al., 2007).
Birches are defined as boreal species (SVENNING
& al., 2008; SANZ& al., 2011) widely distributed
in high latitudes. In the Iberian Peninsula it makes
up forests in the Eurosiberian Region, where re-
aches its optimum, taking up the timberline. It
also behaves, due to its heliophilous nature, as a
successional phase from other disturbed forests
like high-mountain pine, deciduous oak or fir
ones. Southwards, where summer drought limits
its presence, it uses to grow in riparian or in high-
moisture locations like peaty environments
(COSTA TENORIO & al., 1997; SANZ& al., 2011).

Pollen records of the SCS show a regular oc-
currence of Betula, displaying its distinct mentio-
ned settings. Its rapid response to disturbances
(DAVID & BARBERO, 1995) makes birch a good
indicator of landscape changes, both climate and
human-induced (JANSSEN & WOLDRINGH, 1981).
Moreover, its affinity for hygrophilous environ-
ments in Mediterranean environments provides
an unquestionable local trace. This trait could
mask its regional spread, so that it is sometimes
excluded from the pollen sum (VAN DER kNAAP
& VAN DER LEEUWEN, 1995). Nonetheless, a

broad outline of its Holocene evolution in the stu-
died area has been drawn up, comparing it among
the most representative pollen records (Figure 2).

The Early Holocene (11.700-7.500/7.000 cal
yr BP) is characterized by the dominance of birch
forests in the western sector, Francia and Béjar
ranges, favored by the humid and temperate cli-
mate. Minima in the curve of El Maíllo (MORA-
LES-MOLINO & al., 2013) are related to fire
events, at the same time linked to climate, with a
noteworthy seasonality (JALUT & al., 2009; DOR-
MOy & al., 2009; VANNIERE & al., 2011; CONNOR
& al., 2012). It is nevertheless remarkable the re-
covery of Betula levels after every fire episode,
highlighting its resilience against disturbances.
The relative stability showed in El Trampal (Béjar
range) (ATIENZA BALLANO, 1993) could be explai-
ned by the greater rainfall regime at higher alti-
tudes. Eastwards, birch forests show a limited
extent, specially in the Guadarrama range, where
Pinus sylvestris forests are better adapted to the
more continental climatic conditions (FRANCO
MúGICA & al., 1998).

A distinct contrast is observed throughout the
Middle Holocene (7.500/7.000-4.500/4.000 cal yr
BP) between western and eastern sectors. Wetter
and cooler climatic conditions (CHEDDADI & al.,
1997; BREWER & al., 2009; BARTLEIN & al., 2011;
VANNIERE & al., 2011; MAGNy & al., 2012) could
be the reason of the retreat of birch forests in the
Francia and Béjar ranges, in the more Atlantic-in-
fluenced western sector, and their slight progress
in the Gredos (FRANCO MúGICA, 2009) and Gua-
darrama ranges, following altitudinal shifts. But
these trends could have most likely been triggered
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Figure 2. – Representative Holocene pollen records of Betula in the SCS. MAI, El Maíllo (Francia); TRA, Garganta
del Trampal (Béjar); HOy, Hoyos del Espino (Gredos); RAS, Rascafría (Guadarrama); PEL, Pelagallinas (Ayllón).



by the first human activities in the area, promo-
ting the spread of grasslands in the Béjar range
and, to a lesser extent, in the Gredos and Guada-
rrama ranges, as well as the decline of pinewoods
and the subsequent extent of heathlands in the
Francia range.

Human impact becomes more apparent in the
transition to the Late Holocene (4.500/4.000 cal
yr BP-present). Diverse responses of Betula can
be inferred from the pollen records. In the Francia
range the increasing fire incidence affects basi-
cally pinewoods, allowing the spread of grass-
lands and a minor extent of birch forests, which
would colonize the resulting clearings. Pasture-
lands would have also result from clearing in the
Béjar range, here mostly concerning the dominant
birch forests, whereas pinewoods declined in the
Gredos range. The onset of the 4.2 ka cal yr BP
cold event (JALUT & al., 2000, 2009; LóPEZ SáEZ
& al., 2008; MAGNy & al., 2009) allows a new
and synchronous climate-mediated spread of
birch forests, also benefited from a decrease of
human pressure.

A synchronous decline of birch forests occu-
rred after this climatic event, related to an arid
phase (MAyEWSkI & al., 2004; JALUT & al., 2009)
but also to the intensification of grazing activities
which characterizes the Early Bronze Age (FA-
BIáN & al., 2006) in the Mediterranean Region
(VANNIERE & al., 2011). The growing human
pressure is only absent in the Gredos and Ayllón
ranges, where pinewoods recover against birch
forests thanks to the more continental climatic
conditions of this phase.

From this period onwards the evolution of
birch forests is mostly mediated by human impact
(TURNER & al., 2008; COLOMBAROLI & al., 2010),
although climate still keeps a relevant role. Lives-
tock husbandry becomes the main activity and the
need of pasturelands will progressively lead these
communities to fragmentation and isolation. The
recurrence of disturbances, with fire and grazing
as the leading drivers (HENNE & al., 2013), is cle-
arly displayed in the pollen records. Birch prima-
rily colonizes deforested areas but above a certain
threshold it cannot recover its former extension.
This threshold seems to have been crossed very
recently, ca 500 cal yr BP, with the distinctive and

widespread livestock activities of Late Medieval
and Early Modern periods (FRANCO MúGICA &
al., 1998; FRANCO MúGICA, 2009; ABEL SCHAAD,
2012; LóPEZ-SáEZ & al., 2013) The rapid res-
ponse to disturbances is particularly apparent in
Rascafría (Guadarrama range), which shows a
sharp increase of this species coinciding with the
clearance of pinewoods, followed by an acute fall
due to the spread of grasslands. The same pattern
is observed in Francia, Béjar and Ayllón ranges,
where significant recoveries are shown, allways
followed by a marked decline. This drop is earlier
recorded in the Gredos range, where the presence
of Betula is very scarce since ca. 3000 cal yr BP. 

Pollen records illustrate the great ecological
flexibility of Betula. Altitudinal shifts have been
its main response to climate changes. Its recent
isolation close to high-mountain streams in north-
facing slopes (SANZ & al., 2011) has been the
consequence, above all, of human pressure
through fire and grazing, although increasing se-
asonality and temperatures may have also played
a significant role.

TAxUS

Taxus baccata L. is a dioecious widespread
species in Europe but currently forming small and
isolated populations, specially in the Mediterra-
nean basin (COSTA TENORIO & al., 1997; GARCíA
& al., 2000; SANZ & al., 2009; DUBREUIL & al.,
2010). In the Iberian Peninsula its abundance in-
creases northwards, where it can be found from
the sea level, while it becomes sparser south-
wards, usually growing over 1000 m asl (COSTA
TENORIO & al., 1997). It withstands disturbances,
with strategies such as a slow growth, an outstan-
ding longevity, a marked shade tolerance, al-
though it can also develop well on sunlight in
northern latitudes, and the adaptation to a wide
range of soils (THOMAS & POLWART, 2003;
ZAREk, 2009). It requires a certain degree of soil
moisture, albeit yew is considered a drought-to-
lerant species among cool temperate trees (BRZE-
ZIECkI & kIENAST, 1994; THOMAS & POLWART,
2003; VALLADARES & NIINEMETS, 2008; PERRIN
& MITCHELL, 2013). Therefore, yew grows close
to watercourses on north-facing slopes in the sou-
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thern margins of its range (PULIDO & al., 2007;
SANZ& al., 2009; LINARES, 2013).

It has also great dispersal ability thanks to its
wind-mediated pollen and bird-mediated seed re-
moval (GARCíA & al., 2000; BHAGWAT & WILLIS,
2008; DUBREUIL& al., 2010; LINARES, 2013). Ho-
wever, the influence of the successive glacial
cycles as well as the intensity of human-induced
disturbances, have progressively fragmented its
populations up to the current decline (HILFIkER &
al., 2004; GONZáLEZ-MARTíNEZ & al., 2010).

Pollen records demonstrate its presence throug-
hout the Pleistocene in the northern, central and
southern Iberian Peninsula (GONZáLEZ-MARTíNEZ
& al., 2010), but its percentages use to be always
low, displaying a scattered distribution within su-
rrounding vegetation. This long-term fragmentation
of yew populations has triggered a strong diver-
gence between populations, likely related to its poor
regeneration, defined by very few successful re-
cruitment events (HILFIkER & al., 2004; GONZáLEZ-
MARTíNEZ & al., 2010; LINARES, 2013). These
events could have been more common during the
Middle Holocene (7.500/7.000-4.500/4.000 cal yr
BP), with wet climatic conditions and little seaso-
nality (CHEDDADI & al., 1997; BREWER & al., 2009;

VANNIERE & al., 2011; MAGNy & al., 2012), as re-
vealed by the significant percentages appearing in
the Estrela range (VAN DER kNAAP & VAN LEEU-
WEN, 1995). From this period onwards, yew popu-
lations have decreased in number, connectivity and
size in many parts of Europe due particularly to in-
creasing human pressure (THOMAS & POLWART,
2003; HILFIkER & al., 2004; LINARES, 2013).

Figure 3 shows the current distribution of Taxus
baccata in the SCS and the comparatively sparse
yew reports on pollen records. yew pollen can be
wind-dispersed over a number of kilometers (THO-
MAS & POLWART, 2003), but its pollen productivity
seems to be limited (NORySkIEWICZ, 2003), so even
low percentages in pollen diagrams would point to
the local presence of yew. Hence, a wider distribu-
tion could be expected in spite of the scarcity of
pollen deposits. In addition, its pollen always ap-
pears sporadically, pointing to the above fragmen-
ted pattern throughout the Holocene.

Only the Garganta del Villar deposit (LóPEZ-
SáEZ & al., 2013) reports a significant amount of
Taxus pollen (>2%). This record is dated in the
Early Holocene (ca. 9300-8450 cal yr BP), which
may express a wider extent of this species at this
time. All other records reflect the occasional pre-
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Figure 3. – Holocene pollen records of Taxus in the SCS. 1. Garganta del Trampal; 2. Garganta del Villar; 3. Dehesa
de Navamuño; 4. Puerto de Santa Clara; 5. Peña Negra; 6. Jerte; 7. La Panera;  8. Lagunillas; 9. Hontanares; 10.
Martín Muñoz de Ayllón; 11. San Benito.



sence of yew, from Middle Holocene (7.500/7.000-
4.500/4.000 cal yr BP) in the Béjar range (ATIENZA
BALLANO, 1993) to Late Holocene in the Gata
(ABEL SCHAAD & al., 2009a), Béjar (ABEL-SCHAAD
& LóPEZ-SáEZ, 2013), Gredos (ATIENZA BALLANO,
1993; ABEL SCHAAD & al., 2009b), Guadarrama
(RUIZ DEL CASTILLO, 1993) and Ayllón (RUIZ DEL
CASTILLO, 1993) ranges.

Climate has been marked as the main driver of
yew distribution (SVENNING & al., 2008), with
water availability performing the leading role on
southern populations (SANZ & al., 2009; LINARES,
2013). Responses would have mostly consisted
in altitudinal shifts (HEWITT, 2001). From Middle
Holocene onwards forestry practices, grazing
and, specially, fire recurrence would have led
some of them to extinction, as shown in the Gata
range, or to isolated and almost inaccessible en-
claves (SANZ & al., 2009; LINARES, 2013).

FAGUS

Beech (Fagus sylvatica L.) is a deciduous bro-
adleaf species with an almost continuous distribu-
tion in the Atlantic Europe, forming monospecific

forests (COSTA TENORIO & al., 1997), an outstan-
ding feature among temperate trees (LEUSCHNER
& al., 2006). It is remarkably tolerant to a variety
of climatic and hydrological factors, growing from
very acid to calcareous soils with annual rainfall
between 550 and 2000 mm throughout its distri-
bution area, and requiring rather moist summers
and mild winters. In addition, its shade tolerance
gives this species an advantage over other compe-
ting trees, thus becoming the most successful fo-
rest species in Central Europe (LEUSCHNER & al.,
2006; VON WüHLISCH, 2008).

The Iberian distribution is essentially centered
in the Cantabro-Pirenean Mountains, decreasing
to the western cantabrian area. The southernmost
populations correspond to isolated enclaves in the
SCS (COSTA TENORIO & al., 2007). Drought is the
most limiting factor for F. sylvatica populations
at its southern range (GRANIER & al., 2000; JUMP
& al., 2006; TINNER & LOTTER, 2006; BRADSHAW
& al., 2010) as well as pronounced continental
climates and very sandy or waterlogged soils
(CHALA, 2010; BRADSHAW & al., 2010).

Beech citations (Figure 4) are more abundant
in the eastern sector of the SCS, specially in the
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Figure 4. – Holocene pollen records of Fagus in the SCS. 1. La Meseguera; 2. Cuerpo de Hombre; 3. Peña Negra;
4. Los Conventos; 5. Navalguijo; 6. Rascafría; 7. Cerro Genciana; 8. Espartal; 9. Puerto de Canencia; 10. Hoyos de
Pinilla; 11. Peñas Crecientes; 12. Hayedo de Montejo; 13. Pico del Lobo; 14. Puerto de la Quesera; 15. Tejera Negra;
16. Pelagallinas; 17. Somolinos.



Ayllón range (RIVAS-MARTíNEZ, 1962, 1963;
MAyOR, 1965; HERNáNDEZ BERMEJO & SAINZ
OLLERO, 1984; ANTHOS, 2013). They decrease
westwards, with sparse ones in the Gredos (AMOR
& al., 1993), Francia (CASASECA, 1975; FERNáNDEZ
DíEZ, 1976) or Gata (PULIDO, pers. com.) ranges,
apart from older citations, without confirmation, in
the Gredos and Gata ranges (LERESCHE & LEVIER,
1880; LAGUNA, 1883; WILLkOMM, 1896; RIVAS MA-
TEOS, 1898; CUATRECASAS, 1932).

F. sylvatica forests have experienced a very re-
cent spread in Europe, which had its origin in the
Middle Holocene (MAGRI & al., 2006; VALSECCHI
& al., 2008; MAGRI, 2008) starting from multiple
northern glacial refugia. The Iberian Peninsula re-
fugia have also been detected in northwestern
areas (RAMIL-REGO & al., 2000), Iberian System
(LóPEZ-MERINO & al., 2008) as well as Canta-
brian massifs and Pyrenees (MARTíNEZ ATIENZA
& MORLA JUARISTI, 1992). Although the above re-
fugia do not seem to have contributed to the
beech spreading along Central Europe (BRUS,
2010), the Iberian isolated populations would
have allowed the local distribution across moun-
tain ranges acting as passageways while large se-
dimentary plains acted as barriers (MAGRI & al.,
2006).

The SCS pollen records (Figure 4) provide the
oldest presence of F. sylvatica ca. 5800 cal yr BP
(RUIZ ZAPATA & al., 2011) in the Bejar range. It
is also detected in Ayllón range (from the base of
Pelagallinas deposit) around 4100 cal yr BP
(FRANCO MúGICA & al., 2001), in the Gredos
range from 3000 cal yr BP (RUIZ ZAPATA &
ACASO 1981; FRANCO MúGICA, 1995) and more
recently in the Francia (ABEL SCHAAD, 2012),
Béjar (ABEL-SCHAAD & LóPEZ-SáEZ, 2013), Gua-
darrama (VáZQUEZ, 1992; GIL GARCíA, 1992;
FRANCO MúGICA & al., 1998) and Ayllón (GIL
GARCíA, 1992; CURRáS & al., 2012) ranges. It has
not been yet recorded in the westernmost sector,
i.e. in the Gata range nor in the Estrela range. The
scarcity of sequences covering longer chronolo-
gical periods (RUIZ-ZAPATA & al., 1998) prevents
the detection of older appearances which could
shed light on the possible establishment of local
glacial refugia. In addition, both the poor pollen
production (ANDERSEN, 1970; BJUNE & al., 2013)

and its limited pollen dispersal capacity (MOORE
& al., 1991) hinder its appearance in fossil re-
cords (JACOBSON & BRADSHAW, 1981; CONEDERA
& al., 2006). According to POSkA & PIDEk (2010)
an important reduction of pollen grains is already
noticeable at ca 300 m from the closest stand and
it almost disappears beyond 1800 m. 

Most records provide a sporadic presence of
beech, suggesting a pattern of isolated popula-
tions, which fits well with its seed dispersal,
mainly by birds (VALSECCHI & al., 2008), but also
hampers detecting potential expansion routes
from East to West according to MARTíNEZ
ATIENZA & MORLA JUARISTI (1992) and COSTA
TENORIO & al. (1997). In addition, first occurren-
ces in the Bejar range (Cuerpo de Hombre; RUIZ
ZAPATA & al., 2011), or in Ayllón range (Pelaga-
llinas; FRANCO MúGICA & al., 2001), are older
than recent expansion of beech in the Iberian
System (LóPEZ-MERINO & al., 2008). Conse-
quently, they can be proposed as refuge areas.
Probably, these populations would have consisted
of small widespread isolated stands and hence
their pollen signal would be rather inconspicuous
(GIESECkE & al., 2007; MAGRI, 2008). This con-
clusion is supported by the current distribution of
beech forests understorey species in the SCS,
which is also a reasonable indicator (WILLNER &
al., 2009). Moreover, current potential distribu-
tion models (SáNCHEZ PALOMARES & al., 2004)
show wide potential areas for beech forests in the
SCS.

In order to identify territories likely occupied
by this species at the Middle Holocene and to cla-
rify whether its distribution could be wider along
the SCS, we used Species Distribution Modelling
(SDM) (Figure 5). The accuracy measures for the
distribution model of F. sylvatica are shown in
Table 2. This model based on the environmental
limitations of the species’ climatic niche (Figure
6) provides more evidences about the beech po-
tential distribution ca. 6000 cal yr BP, suggesting
suitable climatic areas for establisment. Accor-
ding to response curves (Figure 6) the water avai-
lability variables (Pse: precipitation seasonality;
and Wbal: water balance) show the strongest dis-
criminant power. Therefore, gradual climate ari-
dity could have reduced the habitat availability
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for beech. Additionally, competition with other
forest species such as Quercus robur or Q. pyre-
naica in the western sector, and Pinus sylvestris
in the eastern ones, likely hampered the beech
spread from the original isolated populations.

Also remarkable is the appearance of beech po-
llen in many records following clearance events,
as shown, for example, in Peña Negra (ABEL-
SCHAAD & LóPEZ-SáEZ, 2013), which supports the
hypothesis of its Holocene expansion favoured by
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Figure 5. – Potential distribution of Fagus sylvatica in the Iberian Peninsula. Present and Mid-Holocene.

Table 2
Accuracy measures for the distribution model of Fagus sylvatica

Nº Presence Nº Absence Threshold Prevalence AUC TSS
[0:1] [-1:1]

Train 8400 8533 0.431 0.491 0.962 0.868
Test 3501 3377 0.431 0.509 0.957 0.861



human activities (e.g. VAN DER kNAAP & al.,
2005; LóPEZ-MERINO & al., 2008; PELACHS & al.,
2009; BJUNE & al., 2013) in spite of the underl-
ying effect of climate (TINNER & LOTTER, 2006;
GIESECkE & al., 2007; VALSECCHI & al., 2008;
BRADSHAW & al., 2010). It should be remembered
the leading role featured by moisture availability
in these southernmost limits (JUMP & al., 2006).
Anyway, increasing seasonality and a more in-
tense human pressure would have directly led
many of these relict populations to extinction, but
also indirectly, giving advantage to more adapted
competing species like Quercus pyrenaica, which
dominate in current forest communities (SáNCHEZ
PALOMARES & al., 2004). However, most of the
sites in which F. sylvatica is currently extinct
show a great persistence until the last 200 years,
likely linked to adaptive responses to climatic and
anthropogenic disturbances (kRAMER & al.,
2010).

CARPINUS

Carpinus betulus L. is a tree species within the
Betulaceae, virtually extinct in the Iberian Penin-
sula, with only remnant populations in the Bida-
soa valley, in Navarra and Guipúzcoa (AIZPURU
& CATALáN, 1984; CASTROVIEJO & al., 1990). Ho-
wever its presence has been noted in many pollen
records throughout the Pleistocene, both in the
north and the south of the Iberian Peninsula (GRI-
VET & PETIT 2003; POSTIGO & al., 2008, 2010),

though it shows a dramatic decline since the Mid-
dle Holocene (PEARMAN & al., 2008).

Carpinus betulus has a narrow ecological
range (PINTO & GEGOUT, 2005). It requires fertile
and deep soils, so it uses to grow in low and flat
areas (AIZPURU & CATALáN, 1984; MAGyARI,
2002). On the other hand, it is a drought-intole-
rant species and does not withstand well winter
cold, as it is considered a termophilous species
(POSTIGO & al., 2008). Its seed dispersal ability
is limited, specifically within other forests, such
as beech or oak ones (PETIT & al., 2003; GRIVET
& PETIT, 2003; BHAGWAT & WILLIS, 2008).

Glacial refugia for this tree seems to have been
located in the southern European peninsulas
(BHAGWAT & WILLIS, 2008; SVENNING & al.,
2008), but the postglacial colonization would
have been led from Balkan populations, while
Iberian ones would have gone extinct (GRIVET &
PETIT 2003; PEARMAN & al., 2008). 

A broad spread of Carpinus has been reported
in Central Europe around 4300 cal yr BP (PO-
kORNy, 2005), following a similar pattern to beech,
favoured by a moderate human pressure (VAN DER
kNAAP & al., 2005; BJUNE & al., 2013). However,
in the Canary Islands its disappearance coincides
with an increase in fire recurrence around 2000 cal
yr BP (DE NASCIMENTO & al., 2008; POSTIGO & al.,
2010). The decline of Carpinus in the Iberian Pe-
ninsula is considered to have been the consequence
of a synergic effect (BROOk & al., 2008) among an
increasing seasonality, human pressure and the
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Figure 6. – Response curves of Fagus sylvatica distribution model to each of the variables used to build the model.
Tmin, absolute minimum temperature; Psea, precipitation seasonality; and Wbal, water balance.



competition with other trees, like beech, hazel or
different oaks (POSTIGO & al., 2010).

In the SCS (Figure 7) its presence is detected
in the Early Holocene in the Béjar range (ATIENZA
BALLANO, 1993), and it disappeared during the
transition to the Late Holocene, around 4000 cal
yr BP. It is also detected more recently in the Ay-
llón range (GIL GARCíA, 1992) in medieval times.
These are the only occurrences throughout the
massif, in addition to the ones reported in the Es-
trela range (VAN DER BRINk & JANSSEN, 1985)
between 6000 and 5000 cal yr BP. Its decline in
the western sector could be related both to clima-
tic and anthropogenic reasons, as it coincides with
a period of increasing aridity and seasonality, but
also of increasing human population. Most popu-
lations would go extinct, unable to compete with
better-adapted species. Its last trace, recorded in
the eastern sector ca. 1000 cal yr BP, would sug-
gest the persistence of very scattered populations. 

TILIA

The genus Tilia includes two species currently
distributed in the Iberian Peninsula, namely Tilia
cordata and T. platyphyllos. The former shows an
area restricted to the northern regions, while T.

platyphyllos keeps its southernmost populations
in the southernmost mountains of Iberian Range
(COSTA TENORIO & al., 1997; ANON, 2013), with
some isolated stands in several enclaves further
south. Both of them have wide distribution areas
in Europe, specially T. cordata. In the Iberian Pe-
ninsula they grow within mixed forests, in which
they rarely become dominant (COSTA TENORIO &
al., 1997).

Tilia species are defined as shade-tolerant, but
to a lesser extent than Fagus or Carpinus (PIGGOT,
1991; SVENNING & al., 2008). They require wet
and temperate climates with rich and fresh soils,
preferably calcareous (RADOGLOU & al., 2008).
Summer drought is its main limiting factor, al-
though T.platyphyllos withstands it better than T.
cordata (SVEJGAARD JENSEN, 2003). Its capability
to grow on watterlogged soils or areas with a high
groundwater level, allows them to survive along
watercourses in regions with a pronounced sum-
mer drought (COSTA TENORIO & al., 1997).

Both species reproduce more frequently vege-
tatively than sexually, improving their dispersal
ability (PIGGOT & HUNTLEy, 1981; SVEJGAARD
JENSEN, 2003). They are mainly entomophilous,
with a minor role of wind pollination (FAEGRI &
IVERSEN, 1989). This entails a low pollen disper-
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Figure 7. – Holocene pollen records of Carpinus in the SCS. 1, Garganta del Trampal; 2, La Covatilla; 3, Navamuño;
4, Pico del Lobo.



sal (kREBS & al., 2004; CONEDERA & al., 2006)
resulting in a significant under-representation in
most pollen spectra (ANDERSEN, 1970). 

Current citations in the SCS (Figure 8) are very
sparse. Tilia platyphyllos appears in the Gata,
Béjar, Gredos, Guadarrama and Ayllón ranges,
while T. cordata is only cited in the Gredos range
(SARDINERO, 2004; ANTHOS, 2013).

Tilia pollen has been identified during glacial
cycles in several sites in the Cantabrian coast and
the Levant (GARCíA-AMORENA & al., 2007; CA-
RRIóN & al., 2007). It has been also sporadically de-
tected in many Holocene records across the Iberian
Peninsula, more frequently in its northern half. Gla-
cial refugia would have sheltered Tilia populations
in Iberian coastal and mountain areas (BREWER &
al., 2002; BHAGWAT & WILLIS, 2008; SVENNING &
al., 2008). In addition, various refugial areas have
been located further north, in Central Europe, from
which Tilia would have spread in the Early Holo-
cene (WILLIS & al., 2000; FINESCHI & al., 2003).
From the Middle Holocene onwards a steady de-
cline of Tilia populations is detected throughout
Europe, related specifically to the increasing inten-
sity of human activities (GRANT & al., 2011).

The oldest Tilia pollen record (Figure 8) in the
SCS is located in the Gredos range (Puerto de Chía;
ANDRADE & al., 1996) ca. 2245 cal yr BP. It appe-
ars ca. 1500 cal yr BP in the Béjar (ATIENZA BA-
LLANO, 1993) and Guadarrama (RUIZ DEL CASTILLO,
1993; GIL-GARCíA & al., 1996) ranges, and around
1000 cal yr BP in the Francia (ABEL SCHAAD, 2012)
and Ayllón (GIL GARCíA, 1992) ranges. More recent
occurrences are detected in the Guadarrama (RUIZ
DEL CASTILLO, 1993; GIL-GARCíA & al., 1996;
RUIZ-ZAPATA & al. 2009) and Ayllón (GIL GARCíA,
1992). All of them occur sporadically, likely related
to the low signal left by Tilia on pollen records and
also to the scattered distribution of its stands. But
the most striking point is its absence before Iron
Age, as it appears ca. 2800 cal yr BP in the Estrela
range (JANSSEN & WOLDRINGH, 1981).

These data may suggest a recent human-me-
diated introduction, but older occurrences in the
Iberian Peninsula and the lack of historical re-
cords, could point to altitudinal shifts (JUMP & al.,
2009; WILLIS AND MACDONALD, 2011) of ancient
populations previously located on valleys, which
would have brought them closer to the pollen de-
posits. The overall decline of its populations in
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Figure 8. – Holocene pollen records of Tilia in the SCS. 1. La Meseguera; 2. Garganta del Trampal; 3. La Covatilla;
4. Navamuño; 5. Jerte; 6. Puerto de Chía; 7. Peña de La Morcuera; 8.Puerto de la Morcuera; 9. Collado de El Be-
rrueco; 10. Hayedo de Montejo; 11. Pico del Lobo; 12. San Benito; 13. Hontanares; 14. Martín Muñoz de Ayllón;
15. Puerto de la Quesera; 16. Tejera Negra.



Europe would support this hypothesis. Nonethe-
less, a recent introduction by humans should not
be totally discarded, in virtue of its medicinal pro-
perties or the quality of its wood.

CONCLUDING REMARkS

Pollen analyses performed in the SCS support
the ancient origin and show the responses to both
climatic and anthropogenic disturbances of some
relict tree species throughout the Holocene. They
also highlight the exceptional value of current
isolated enclaves which sustain many of their
southernmost populations, to assess the future
evolution of the remnant ones.

Persistence has not always been the final result
among the species analyzed in this paper. Horn-
beam (Carpinus betulus) is already extinct in al-
most all the Iberian Peninsula, likely due to its
narrow ecological range and low dispersal abili-
ties, although it overcame the glacial cycles rea-
ching the Middle Holocene. The increasing
summer drought and the recurrence of human-in-
duced disturbances would have prevented it to
compete with other better-adapted species.

Few isolated stands of lime trees (Tilia spp.) per-
sist currently in the SCS. It seems that they never
were abundant in this region, as their pollen only
appears during the last three millenia, showing ei-
ther altitudinal shifts in response to disturbances or,
less likely, a human-mediated introduction.

Beech (Fagus sylvatica) still keeps significant
populations in the eastern sector of the SCS and very
scattered citations westwards. The origin of these
populations, usually attributed to a Late Holocene
spread from more northern areas, could be seriously
questioned by means of pollen records, providing
earlier appearances than its hypothetical expansion.
Species Distribution Modelling supports this theory,
showing wide potential areas for beech in the Mid-
dle Holocene. Western populations would have
gone virtually extinct in the last centuries, while the
eastern ones have persisted over time.

yew (Taxus baccata) does not seem to have
formed wide forests during the Holocene in the
SCS, despite its widespread distribution. Anyway,
it has undergone a significant decline since Mid-

dle Holocene. Its populations have progressively
become confined close to watercourses in north-
facing slopes thanks to its longevity and by alti-
tudinal shifts.

Birch (Betula spp.), like yew, has persisted
until present day in the SCS, but it dominated fo-
rest vegetation, specially in the westernmost area,
until the onset of the Late Holocene. In spite of
the great resilience of these forests, the increasing
recurrence of human disturbances, mostly related
to grazing, has led them to isolated stands at high
altitudes along watercourses.

Extinction has been the response to Holocene
disturbances followed by Carpinus and a number
of populations of the other studied tree species.
Persistence of the rest is mainly the result of alti-
tudinal shifts, without discarding a possible lati-
tudinal migration of northern beech populations
further south to the eastern sectors of the massif.
Adaptation involves a controversial trait, but some
microevolutionary adaptations are likely to have
been shaped over the long history of these species.

Current global change and human disturbances
put these populations, with likely unique and high
genetic variation, on the edge of extinction. Ur-
gent measures should be set up in these areas, as
they constitute the only option of “in situ” con-
servation for these rare species which develope
in small fragmented populations.

Future challenges are related to the study and
protection of the “current interglacial refugia”
where these tree species grow, in order to analyze
their buffering capability, but also to the research
on the ecological requirements of these species,
as well as, particularly, on the understanding of
their long history. In this sense, genetic studies on
current populations could shed light to evolutio-
nary changes. Moreover, well-dated and high-re-
solution palynological investigations are needed
to find new evidences and support recent results.
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