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Abstract

Aim of study. The diachronic study of vegetation change through palynological analysis of sedimentary deposits is
an essential tool both to design sound strategies on landscape management and to understand its anthropogenic
dynamics.

Area of study: La Meseguera mire (Ladrillar, Caceres, Spain) is located in the Hurdes region in the western part of
Iberian Central System and started to develop at the beginning of the Islamic period (ca. 770 cal AD), in an area widely
dominated by heathland.

Material and methods: Pollen, non-pollen palynomorphs and charcoal accumulation rate (CHAR) combined with
historical data are useful indicators to assess the increasing role of human influence on vegetation.

Main results: The use of fire and livestock husbandry represents the main drivers of landscape change in the course
of the history. The establishment of forest afforestation plans, from the middle of 20" century, changed substantially
the regional features. The sporadic presence of beech pollen is detected until 16™ century, which implies the most
western location in the Iberian Central Mountain System.

Research highlights: The integration of pollen analysis and historical data is an essential tool when studying the
changes in Holocene vegetation. These changes have been mainly driven by anthropogenic disturbances, more
specifically by fire and livestock husbandry.

Key words: anthropogenic dynamics; Central Mountain System; microcharcoals; non-pollen palynomorphs.

Introduction

Despite human impact being a major factor on Ho-
locene vegetation dynamics, especially in western Me-
diterranean areas (Valladares et al., 2004; Riera
Mora, 2006), specific studies addressing its influen-
ce on iberian montane vegetation are scarce, limited
to certain regions like southeastern Iberia (Carrion et
al., 2001, 2007) or the Gredos Range (Lopez Saez et
al.,2009; Lopez Merino et al., 2009; Abel-Schaad and
Lopez-Saez, 2013; Lopez-Saez et al., 2013). The use
of fire, livestock grazing and cropping during late Ho-
locene have been increasingly recognized as key dri-
vers in the formation of present cultural landscapes
(Pausas and Keeley, 2009; Mercuri et al., 2010). Be-
sides the analysis of fossil pollen to establish the pat-
terns of vegetation change, the presence of non-
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pollen palynomorphs and the concentration of mi-
crocharcoal particles have become essential tools to
assess the role of anthropogenic dynamics (e.g:
Carcaillet et al., 2001; Van Geel, 2002; Tinner and Hu,
2003; Lopez Saez and Lopez Merino, 2007). Non-po-
llen palynomorphs are reliable indicators of grazing
activities (Lopez Séez ef al., 2000; Lopez Saez and
Lopez Merino, 2007) and of variations in the deposit
humidity (Mighall et al., 2006; Van Geel, 2006). On
the other hand, changes in microcharcoal abundance
provide valuable information to compare the fire re-
gime between periods (Whitlock and Larsen, 2001;
Gil Romera et al., 2010).

The Hurdes region is located in the western part of
the Iberian Central Mountain System, on the southern
slope of the Francia Range. It constitutes a natural re-
gion inhabited since ancient times, as evidenced by nu-
merous remains of the Chalcolithic and Bronze Age
(Fernandez Gomez, 1984). Especially remarkable is
its cultural landscape, with increasing presence of par-
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cels enclosed in stone wall, which reflects the exten-
sion of agricultural practices through history. Moreo-
ver, some authors link the name of this region with the
abundance of heather (Erica sp.), which is spelled “ur-
ce” in local dialects (Gordon Peral, 2010). The study
of vegetation changes could shed light on the histori-
cal dominance of this shrub in the area.

On the other hand, the Central Mountain System
is considered a refugium of forest species located at
the southern edge of their range (Janssen and
Woldringh, 1981; Pulido et al., 2007; Abel Schaad
et al., 2009; Sanz et al., 2011), whose populations
have declined as a result of climate change and the
impact of human activities throughout the Holoce-
ne. This makes our analysis especially interesting,
particularly in the westernmost area of this moun-
tain chain, where few palynological studies have
been carried out (e.g: Janssen and Woldringh, 1981;
Atienza Ballano, 1993; Van der Knapp and Van
Leeuwen, 1995; Abel Schaad et al., 2009; Abel-Schaad
and Lopez Saez, 2013; Morales-Molino et al., 2013;
Lopez-Saez et al., 2013).

This paper describes the main changes in the vege-
tation of the Hurdes region through the analysis of po-
llen, non-pollen palynomorphs and microcharcoals ob-
tained in the peat deposit of La Meseguera. The
relationship of such changes with the historical pro-
cesses that have occurred from the onset of the Isla-
mic Period is emphasized. Special attention will be
paid to fire impact, crop development and livestock
grazing, as major factors shaping the landscape in a
changing climate framework.

Study area

La Meseguera mire (Fig. 1) is located on the sou-
thern slope of the Francia Range (40° 28' 13" N/6° 13'

LAS HURDES REGION
Figure 1. Location of the study site.

15" W), at 900 masl, in the municipality of Ladrillar
(Céceres), in the Hurdes region.

The geological substrate consists mainly of slates
and graywackes (IGME, 1990). Above them mostly
Leptosols are deposited (Garcia Navarro, 1995). The
climate is of a Mediterranean subhumid type, with
monthly average temperature of 14.4°C and annual
rainfall of 1,137 mm.

The current vegetation is profoundly altered due to
human-induced disturbances over time. Furthermore,
pine plantations were installed in 1940-1950 in 80%
of the land. Recurrent fires of these afforestations ha-
ve resulted in a landscape dominated by regeneration
pine stands, grasslands, heathlands and broom com-
munities, where only small patches of holm oak (Quer-
cus ilex) and cork oak (Q. suber) woods survive at mid
elevations. At higher altitude oak forests of Q. pyre-
naica have virtually disappeared, whereas broom com-
munities with Echinospartum ibericum characterize
the uppermost belt.

Material and methods

To sample the mire a core of 120 cm was obtained
with a Russian core sampler. Samples were studied at
intervals of 4 cm, resulting in 30 samples in this record.
A sediment characterization of the mire (Aaby and Ber-
glund, 1986) was made in order to clarify certain im-
portant events in its formation and evolution (Table 1).

Four samples of bulk organic sediment have been
dated in the National Accelerator Centre (CNA, CSIC,
Sevilla, Spain) (Table 2). Calibrated dates were cal-
culated using CALIB v.5.0.2. program (Stuiver et al.,
1998). An age depth-model has been built (Fig. 2) with
the average dates by means of linear interpolation, ta-
king into account the maximum probability interval at
2 sigma ranges. This allows the calculation of the ap-
proximate sedimentation rate of the mire.

Palynological analysis of the samples followed the
classic chemical procedure (Faegry and Iversen, 1989;
Moore et al., 1991), using Thoulet heavy liquid for den-
simetric separation of pollen and non pollen palyno-
morphs (Goeury and Beaulieu, 1979). Palynological
concentration was estimated by adding a Lycopodium
tablet to each sample (Stockmarr, 1971). Data proces-
sing and graphic representation was performed with TI-
LIA and TGView softwares (Grimm, 1992; 2004). Lo-
cal pollen assemblage zones were determined with a
cluster analysis made by CONISS (Grimm, 1987).
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Table 1. Sediment characteristics at La Meseguera mire (Caceres, Spain)

Depth Characteristics
(cm)
0-56 Light brown, slightly humified peat with many herbaceous detritus: Tb?2, Dh2
56-96 Darker brown, moderately humified peat with moderately humified silt, some herbaceous detritus and
low presence of sands: Tb?2, Ld?2, Dh+, Gmin+
96-100 Lighter brown, moderately humified peat with moderately humified silt: Tb22, Ld?2
100-110 Darker brown, moderately humified silt with presence of some sands, clays and few gravels: Ld?2, Agl,
Gminl, Gmaj+
110-120 Lighter brown, moderately humified silt with presence of some sands, clays and gravels: Ld?2, Agl,

Gminl, Gmajl

Table 2. Chronology of the pollen sequence of La Meseguera. Calibrated dates were calculated using CALIB v.5.0.2. pro-

gram (Stuiver et al., 1998)

Depth 14 20 Calibration Mean age
Laboratory code = CAge (95% probability) cal AD
CNA 753 30 Modern 1954-1956 cal AD (95%) 1955
CNA 754 60 38430 BP 14441524 cal AD (66%)
1558-1631 cal AD (33%) 1520
CNA 755 80 640 =30 BP 1283-1329 cal AD (43%)
1340-1396 cal AD (57%) 1340
CNA 295 120 1270+ 60 BP 654-888 cal AD (95%) 771

Ferns, hydro-hygrophilous taxa and non pollen paly-
nomorphs have been excluded from the total pollen
sum (> 500 pollen grains) in the pollen diagrams (Figs.
3-6) (Wright and Patten, 1963). Pollen sum have also
been increased to reach 200 pollen grains excluding
Evica arborea type ones, due to the high percentages
of this type, in order to make the rest of taxa more vi-
sible. Besides, a chart showing the total pollen con-
centration has been added (Figs. 5-6).

Microcharcoals in the same slides used for pollen
(Tinner and Hu, 2003; Finsinger and Tinner, 2005) we-
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Figure 2. Age-depth model for La Meseguera mire.

Depth (cm)

re counted and sorted into different size classes
(Morrison, 1994; Vanniére et al., 2008), in order to re-
construct the historical dynamics of fires in the area
(Whitlock and Larsen, 2001). Lycopodium spores were
also considered to estimate their concentration. The
charcoal accumulation rate (CHAR) (Figs. 5-6) was cal-
culated by dividing the concentration of microcharcoals
by the sedimentation rate of each sample obtained from
the age-depth model (Long and Whitlock, 2002).

Results

The main features of pollen diagrams are shown in
Table 3.

Discussion

The onset of mire formation. Islamic Period
(ca. 770-940 calAD). LPAZ MES1A1

La Meseguera mire was formed at the end of 8% cen-
tury, as a likely consequence of intense forest clea-
rance activities developed in earlier times, in an uns-
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Figure 3. Pollen diagram of La Meseguera. Trees and shrubs.

table climatic scenario, which characterizes the Early
Medieval Cold Period (Desprat et al., 2003).

Tree crops would be represented by chestnut, with
the onset of its continuous curve, and olive, whose early
traces are located at the beginning of 10™ century.

By this time, pastures occupy a limited area, with
grasslands as their major element. Nitrophilous taxa
scarcely appear, pointing to the lack of intense live-
stock husbandry, as also indicated by the low levels of
coprophilous fungi spores (Lopez Séez and Lopez Me-
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rino, 2007). Both the presence of fire indicators and
the high values of CHAR, with a maximum in the tran-
sition to 10™ century, show the great incidence of fi-
res in this period.

A seminomadic livestock grazing model could be
hypothesized for this period, based on uncontrolled
shrub burning, with a low stocking density in relation
to the large amount of pastures which could be poten-
tially available. Historical data about the early Islamic
Period describe an economic model based on livestock
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Figure 4. Pollen diagram of La Meseguera. Herbs.
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Figure 5. Pollen diagram of La Meseguera. Hydro-hygrophilous taxa, non-pollen palynomorphs, charcoal accumulation rate (CHAR)
and total pollen concentration.
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Figure 6. Synthetic pollen diagram of La Meseguera. Riparian woods: Alnus, Betula, Corylus, Fraxinus, Rosaceae type Prunus,
Salix, Ulmus, Ilex and Sambucus,; Anthropozoogenous perennial taxa: Apiaceae, Brassicaceae, Campanula, Caryophyllaceae, Fa-
baceae, Liliaceae, Rosaceae and Scrophulariaceae; Anthropogenic nitrophilous taxa: Aster type, Cichorioideae, Erodium, Malva,
Anthropozooenous nitrophilous taxa: Chenopodiaceae, Plantago sp., Rumex sp. and Urtica dioica type; Coprophilous fungi: Ge-
lasinospora sp. (Type 1), Sordaria (Type 55A), Cercophora (Type 112), Sporormiella (Type 113) and Podospora (Type 368); Fire
indicators: Chaetomium (Type 7A); Erosion indicators: Glomus (Type 207); Dry phases: Pleospora (Type 3B), Byssothecium cir-
cinans (Type 16C) and Lasiosphaeria sp. (Type 63C); Wet phases: Type 18.
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Table 3. Description of pollen zones

Zone Trees/Shrubs Herbs Non-pollen Char
MES2 — Trees maximum (30%) — Poaceae maximum (>40%) — Coprophilous fungi maxima Final sharp
(30-0 cm) — P sylvestris (>10%), Olea (5%), P — Slight increase of nitrophilous taxa ~ — Type 7A final rise maximum

pinaster (3%) and P, pinea (2%) — Cerealia (> 1%) and Secale cereale ~ — High levels of Type 18
— Q. ilex (6%) and Q. suber (> 1%) (2%) maxima
— Erica minimum (14%). Cistus (2%)
and Cytisus (4%)
— Castanea (<1%) and Fagus
MES1B2b — Retreat of Erica (51%) and final re-  — Poaceae initial maximum (28%) and ~ — Coprophilous fungi increase Rise  with
(54-30 ¢cm) covery (69%) final minimum (5%) — Type TA rise peaks in the
— Cistus (6%) and Cytisus (3%) — Low presence of nitrophilous taxa — Alternating levels of Type 18 and ~ middle of
— Q. ilex (5%), P sylvestris (2%) — Sporadic presence of Cerealiaand Se- ~ Type 3B this zone
— Castanea (> 1%) and Olea (3%) cale cereale
— Juniperus, Q. suber and P. pinaster
MES1B2a — Erica maximum (>70%) — Poaceae oscillations (5-25%) — Initial Coprophilous fungi increase ~ Oscillations
(82-54 ¢cm) — Cistus (7%) and Cytisus (1%) — Fabaceae and Rosaceae > 1% and final disappearance and final sta-
— Q. pyrenaica (2%) and Q. ilex (2%) ~ — Nitrophilous taxa drop — Low levels of Type 207 bilization
— Castanea and Olea <1% — Sporadic presence of Cerealia — Sporadic Type 7A
— Fagus, Ulmus and Q. suber — Type 18 initial maximum
MESIB1 — Erica minimum (48%) and Cistus ~ — Poaceae (27%) — Coprophilous fungi increase Initial mini-
(102-82 cm)  maximum (8%) — Fabaceae and Rosaceae > 1% — Type 207 appears mum and fi-
— Q. pyrenaica (2%) and Q. ilex (2%) ~ — Rise of nitrophilous taxa, specially ~ — Type 18 minima nal increase
— Castanea and Olea > 1% Rumex spp. (>8%) — Sporadic presence of Type 3B and
— P sylvestris and Q. suber — Firstappearances of Cerealiaand Se- ~ 16C
cale cereale
MESIA2 — Erica (72%) and Cistus (5-6%) — Poaceae <10% — Coprophilous fungi increase Sharp reduc-
(110-102cm) — — P sylvestris (<1%), Q. pyrenaica ~ — Fabaceae and Rosaceae > 1% — Type 18 rise tion
(2%) and Q. ilex (2%) — Nitrophilous taxa <1%
— Castanea and Olea continuous curve ~ — Asphodelus albus
— Tilia
MESIAL — Erica (78%) and Cistus (2%) — Poaceae <10% — Coprophilous fungi minima Final maxi-
(120-110ecm) ~ — Riparian species maxima (5%) — Fabaceae > 1% — Low levels of Type 7A mum

— Psylvestris (2%), Q. pyrenaica (3%)
and Q. ilex (2%)

— Castanea, Fagus, P. pinea and P, pi-
naster

— Nitrophilous taxa <1%
— Asphodelus albus maximum

grazing, by Berber people, in a sparsely populated land
(Franco Moreno, 2005).

Pollen concentration is very low in this zone (Fig. 6),
pointing to adverse conditions for the development of
vegetation, in spite of the gradual amelioration of
weather (Lopez Sdez et al., 2009). This could again re-
flect the high intensity and frequency of fires.

The relative consolidation of the islamic
settlement (ca. 940-1050 calAD). LPAZ
MES1A2

Tree crops start to develop, in agreement with
increasing requirements of an expanding popu-

lation. Cork oak also seems to advance, pointing
to a greater importance in relation to tanning and
apiculture (Ezquerra Boticario and Gil Sanchez,
2008). Riparian woods are affected by this hig-
her human impact, due to the likely use of river
and stream banks for the setting-up of irrigated
orchards, with the new techniques introduced by
Berber people (Franco Moreno, 2005).

Maxima of CHAR initially continue, indicating fi-
res on shrublands, which allow grasslands and also Cis-
tus communities to expand. Besides, a slight increase
in the percentages of pollen of taxa linked to livestock
grazing and spores of coprophilous fungi suggests the
establishment of more sedentary livestock settlements.
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Historical data tell about some autonomy of this re-
gion with regard to Cérdoba Caliphate during 10" cen-
tury (Garcia Oliva, 2007), reinforced by population
isolation within Hurdes intrincate mountain ranges.
The border with Christian Kingdoms would be loca-
ted north of the Central Mountain System (Barrios
Garcia, 1985).

The onset of the Medieval Warm Episode (Desprat
etal.,2003) is associated to milder climatic conditions,
with increasing temperatures and rainfall, as indica-
ted by the significant rise of Type 18 levels (Mighall
etal.,2006). The lower presence of gravels in this se-
dimentation level (Table 1) would show less torrential
episodes in rainy periods.

Space occupation in the border (ca. 1050-1280
calAD). LPAZ MES1B1

Human pressure becomes more pronounced in 12
century. Tree crops, chestnut and olive trees, reach new
maxima and so does cork oak. On the other hand, pi-
newoods disappear, probably related to the needs for
timber. Low pollen rates of Cerealia and Secale cere-
ale are insufficient to indicate their local cultivation
(Lopez Saez and Lopez Merino, 2005) but they are pro-
bably grown not far from the mire. Agriculture is fa-
voured by irrigation systems and the use of manure as
fertilizer (Franco Moreno, 2005).

However the most outstanding event in vegetation
is the retreat of heathlands at the expense of grasslands.
This change would be related to livestock expansion,
as shown by the high pollen percentages of nitrophi-
lous taxa and the increasing levels of coprophilous fun-
gi. The lack of fire indicators in initial samples is al-
so significant, pointing to shrub control by livestock,
most likely driven by goats.

At the end of 12" century (ca. 1190 cal AD) a sharp
drop of crops and a clear decrease of grasslands ex-
tension are observed, coinciding with growing values
of CHAR and the first appearance of dry phases indi-
cators. A severe regional drought can explain these
facts. Meanwhile, in the surroundings of the mire, li-
vestock grazing could remain thanks to the water pro-
vided by nearby springs.

This broad intensification of human action during
the onset of the Christian Kingdoms domination is al-
so verified by historical data. Two castles are built at
the end of 12" in this region (Martin Martin, 1985;
Montafia Conchifia and Clemente Ramos, 1994)

Population settlement and the beginning
of Early Modern Period (ca. 1280-1580 calAD).
LPAZ MES1B2a

At the end of 13" century the interests of transhumant
livestock breeders reached their highest protection thanks
to the creation of La Mesta (Ezquerra Boticario and Gil
Sanchez, 2008). Its impact on the study region was very
low due to the absence of significant livestock tracks and
the location of large summer grasslands areas in adja-
cent regions (Terés Landeta et al., 1995). Intense live-
stock use was also precluded by the donation of “Dehe-
sa de Jurde” from Granadilla to La Alberca in 1289 (Fer-
nandez Gémez, 1984), accompanied by several ordi-
nances preventing its use by outsiders.

The need of more pastures triggered shrub fires
(Fig. 7), until a sharp reduction of livestock activity is
detected by the mid 14" century. It coincides with a dry
phase, indicated by Pleospora, and with the onset of
Little Ice Age (Manrique and Fernandez-Cancio, 2000;
Desprat et al., 2003). This crisis would be also related
with a pollen concentration minimum (Fig. 6).

A wide extent of grasslands is detected during the
15% century without a parallel increase of livestock in-
dicators. This could be linked to a phase of transhumant
livestock predominance related to a change of property
in favor of Duke of Alba in 1,444 (Pino Garcia, 1985).
New ordinances at the beginning of 16" century (Llo-
rente Pinto, 1992) triggered the drop of livestock indi-
cators and a slight increase of forest taxa.

Higher human pressure and spread of scrubland
(ca. 1580-1950 cal AD). LPAZ MES 1B2b

Shrub taxa suffer a strong retreat in a first phase, le-
ading to minimum values around mid 18" century, whi-
le grasslands spread. In addition, the rise of spore va-
lues of coprophilous fungi shows a higher impact of
livestock grazing while the average incidence of fires
increases.

A widespread agricultural development occurs at a
regional scale throughout the 17% and 18" centuries
(Ezquerra Boticario and Gil Sanchez, 2008), with the
expansion of cereal and olive tree crops. However, li-
vestock husbandry would keep on being the economic
base of the Hurdes region, although a clear advance of
olive tree cultivation, an upturn of cereal during the
18" century and occasional rye crops are observed on
the pollen diagram.
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Figure 7. Response to fire and influence of livestock intensity on grasslands and pirophilous shrub. Fires enable the extension of grass-
lands (light grey). If livestock intensity is high, grasslands run out as shrublands spread (dark grey). New fires begin this process again.

Climatic conditions are relatively wet until the end
of the Early Modern Period, as corresponds to the se-
cond phase of the Little Ice Age (Bradley and Jones,
1993) and the high levels of Type 18 indicate.

From the beginning of the Late Modern Period li-
vestock husbandry steadily increases, with maxima at
the beginning of 19" century, after the clearance of oak
forests to open new pasturelands. This maximum li-
vestock pressure coincides with a new change of pro-
perty in the area (Llorente Pinto, 1992; Granjel, 2001).
Subsequent Confiscation Laws would have led to fe-
lling of already limited oak forests, in order to defray
the costs of farms (Cruz Reyes, 1983). This fact, along
with a livestock activity decrease, would have favou-
red the maximum extent of scrubland at the end of this
period. The progression of shrub legumes parallel to
the decline of oak forests should also be stressed.

Afforestation Plans, fire and current landscape
(ca. 1950 cal AD-present). LPAZ MES2

Forest taxa reach their maximum values in the up-
permost samples, due both to pine afforestations, es-

pecially with Pinus sylvestris, and to final livestock
abandonment. Meanwhile, scrubland reaches its mi-
nimum extent, as a consequence of the spread of pi-
newoods, forestry and, above all, fire, with levels re-
aching maxima during this period. Cistus and broom
communities are initially favoured against heathlands.

Grasslands extend sharply to the maxima of the pro-
file thanks to fire influence. Spores of coprophilous
fungi disappear in the uppermost sample, after their
maxima of the profile, coinciding with a Glomus ma-
ximum, pointing to an erosion event likely related with
the incidence of fire. The broad spread of pinewoods
would have triggered the reduction of pasturelands.
Then, stock density would increase in the more propi-
tious areas left, like the mire, so that the signal pro-
duced by coprophilous fungi would also improve. Sub-
sequent fire proliferation would have helped grasslands
extend therefore reducing this stock density signal.

Pine afforestations and fire mark the current lands-
cape evolution of the Hurdes region. The most re-
cent years are characterized by large fires, which lead
the arboreal pollen percentage to the minimum of the
profile.
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On the presence of beech (Fagus sylvatica)
in the western Central Mountain System

The pollen diagram of La Meseguera mire shows
the sporadic presence of Fagus pollen in three sam-
ples, dated approximately in the 9", 15" and 16" cen-
turies (Fig. 3). These constitute the most western lo-
cation in the Central Mountain System found to date.

There are a large number of current Fagus sylvati-
ca references in the eastern part of the Central Moun-
tain System, especially in Ayllon and Somosierra ran-
ges (e.g.: Rivas Martinez, 1962, 1963; Mayor, 1965).
They decrease to the west, with scattered citations in
the Gredos Range (Amor et al.,1993), the Francia Ran-
ge (Casaseca, 1975; Fernandez Diez, 1976) and the
Gata Range (Pulido, pers. com.).

As for the pollen record, the oldest dated citations
are located in the Bejar Range, with sporadic appea-
rances from 5850 calBP (Ruiz Zapata et al., 2011), and
in the Ayllon Range, around 4100 calBP (Franco Mu-
gica et al., 2001). Its presence is dated in the Gredos
Range from 3000 calBP (Ruiz Zapata and Acaso Del-
tell, 1981; Franco Mugica, 1995), and more recently
in Guadarrama (Vazquez, 1992) and Rascafria (Fran-
co Mugica, 1995). It has been not detected westwards,
neither in the Gata nor in the Estrela Range (Abel
Schaad et al., 2009).

The scarcity of sequences covering longer chrono-
logical periods prevents the detection of older appea-
rances, which could shed light on the possible esta-
blishment of glacial refugia in the area. This hypothesis
would be supported by the presence of pollen from
other current species, like hornbeam (Carpinus betu-
lus) in the Estrela (Van der Brink and Janssen, 1985)
and the Bejar (Atienza Ballano, 1993) ranges in Mid
Holocene; lime tree (7ilia sp.), which appears more re-
cently in both ranges and around 1000 calBP in La Me-
seguera mire; or chestnut (Castanea sativa), located
before its expansion during Roman Period throughout
western Central Mountain System (Abel Schaad et al.,
2009; Abel-Schaad and Lopez-Saez, 2013).

The ability of beech to respond to disturbances
(Leuschner et al., 2006) would help its survival, des-
pite the high intensity of human impact, against other
species, like Tilia or Carpinus, which would go extinct
by this action (Turner, 1962; Gardner and Willis, 1999).

However, its low pollen productivity (Andersen,
1970) and small range of dispersion (Moore ef al.,
1991) hinder this species’ appearance in pollen records
(Jacobson and Bradshaw, 1981; Conedera et al., 2006).

Moreover, beech seeds are mainly dispersed by birds
(Valsecchi et al., 2008), allowing its expansion in a
pattern of isolated stands, whose signal shows a spo-
radic and intermittent character (Lopez Merino et al.,
2008). This constitutes a problem when detecting pos-
sible expansion routes of beech from East to West
(Martinez Atienza and Morla Juaristi, 1992; Costa Te-
norio et al., 1997), since there is no gradation in the
presence of pollen. Neither dates seem to agree. First
appearances in Navamuio, in the Bejar Range (Ruiz
Zapata et al., 2011), or in Pelagallinas, in the Ayllon
Range (Franco Mugica et al., 2001), are older than re-
cent expansion of beech in the Iberian Mountain
System (Lopez-Merino et al., 2008), so they may be
proposed as refugium areas. This agrees with models
presenting potential distribution areas of Fagus sylva-
tica during Late Glacial Maximum along the western
sector of the Central Mountain System (Benito Gar-
zon et al., 2007). These areas move northwards in the
Mid Holocene, with very scarce presence in western
Iberia, likely due to the isolation of its populations.

Hence, possible refugia of beech could have exis-
ted in the western Central Mountain System, in ab-
sence of older deposits. Intense human activity would
have prevented its expansion in the Mid Holocene, cau-
sing the extinction of many stands. More recently, the
steady climate continentalization would have produ-
ced a general decline (Magri, 2008).

Concluding remarks

La Meseguera mire was formed around the middle
of Early Medieval Cold Period, in a landscape domi-
nated by heathlands, as a result of an intense defores-
tation on soils with limited ability for regeneration.

First phases of territorial occupation by Berber pe-
ople are based on a semi-nomadic livestock husbandry
related to shrub fires, and emerging tree crops such as
chestnut and olive trees. In the transition to the new
millennium human pressure increases, specially by li-
vestock grazing and, to a lesser extent, with the intro-
duction of new agricultural techniques, favored by cli-
mate amelioration.

Christian Kingdoms do not alter substantially land
use patterns, beyond an intensification of livestock
husbandry and tree crops. Changes of ownership and
distance from major transhumant routes prevent this
region joining the widespread development until the
beginning of Early Modern Period. The use of fire cau-
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ses a cyclic alternation between grasslands and heath-
lands.

From Early Modern Period anthropogenic action ste-
adily intensifies. Livestock grazing, olive tree crops
and a great incidence of fire characterizes the region’s
landscape until the mid 20™ century, when the maxi-
mum extent of heathland is detected. More recently,
pine afforestations and large fires constitute the main
features, as well as the decline of livestock activity.

The most western pollen record of Fagus sylvatica
in the Central Mountain System is dated in this mire.
This and other nearby ones suggest the presence of be-
ech before its expansion in Mid Holocene.

Acknowledgements

We wish to thank Martin Kelsey, from Trujillo (Ca-
ceres) for his invaluable help with the English version.

References

Aaby B, Berglund BE, 1986. Characterization of peat and
lake deposits. In: Handbook of holocene palacoecology
and palaeohydrology (Berglund BE, ed). John Wiley and
Sons Ltd, Chichester. pp: 231-246.

Abel Schaad D, Hernandez Carretero AM, Lopez Saez JA,
Pulido Diaz FJ, Lopez Merino L, Martinez Cortizas A,
2009. Evolucion de la vegetacion en la Sierra de Gata (Ca-
ceres-Salamanca, Espafia) durante el Holoceno reciente.
Implicaciones biogeograficas. Rev Esp Micropaleontol
41(1-2): 91-105.

Abel-Schaad D, Lopez-Saez JA, 2013. Vegetation changes
in relation to fire history and human activities at the Pe-
na Negra mire (Bejar Range, Iberian Central Mountain
System, Spain) during the past 4.000 years. Veg Hist Ar-
chaeobot 22: 199-214.

Amor A, Ladero M, Valle CJ, 1993. Flora y vegetacion vas-
cular de la comarca de la Vera y laderas meridionales de
la Sierra de Tormantos (Céceres, Espafia). Stud Bot 11:
11-207.

Andersen ST, 1970. The relative pollen productivity and po-
llen representation of north European trees, and correc-
tion factors for tree pollen spectra. Dan Geol Unders 96:
1-99.

Atienza Ballano M, 1993. Evolucion del paisaje vegetal en
las Sierras de Béjar y Francia durante el Holoceno, a par-
tir del analisis polinico. Doctoral thesis. Universidad de
Alcala de Henares, Alcala de Henares, Spain.

Barrios Garcia A, 1985. Repoblacion en la zona meridional
del Duero: fases de ocupacion, procedencias y distribu-
cion espacial de los grupos repobladores. Stud Hist Hist
mediev 3: 33-82.

Benito Garzon M, Sanchez de Dios R, Sainz Ollero H, 2007.
Predictive modelling of tree species distributions on the
Iberian Peninsula during the Last Glacial Maximum and
Mid-Holocene. Ecography 30: 120-134.

Bradley RS, Jones PD, 1993. Little Ice Age’ summer tem-
perature variations: their nature and relevance to recent
global warming trends. Holocene 3-4: 367-376.

Carcaillet C, Bouvier M, Frechette B, Larouche A, Richard
P,2001. Comparison of pollen slide and sieving methods
in lacustrine charcoal analyses for local and regional fi-
re history. Holocene 11(4): 467-476.

Carrion JS, Munuera M, Dupré M, Andrade A, 2001. Abrupt
vegetation changes in the Segura mountains of southern
Spain throughout the Holocene. J Ecol 89: 783-797.

Carrion JS, Fuentes N, Gonzalez-Sampériz P, Sanchez L,
Finlayson JC, Fernandez S, Andrade A, 2007. Holocene
environmental change in a montane region of southern
Europe with a long history of human settlement. Quat Sci
Rev 26: 1455-1475.

Casaseca Mena B, 1975. Contribucidn al conocimiento de
la flora salmantina. Anales Inst Bot AJ Cavanilles 32(2):
255-258.

Conedera M, Tinner W, Crameri S, Torriani D, Herold A,
2006. Taxon-related pollen source areas for lake basins
in the southernAlps: an empirical approach. Veg Hist Ar-
chaeobot 15: 263-272.

Costa Tenorio M, Morla Juaristi C, Sainz Ollero H (eds),
1997. Los bosques ibéricos. Una interpretacion geobota-
nica, Planeta, Barcelona, Spain.

Cruz Reyes JL, 1983. Transformacion del espacio y econo-
mia de subsistencia del Valle del Jerte. Inst Cult El Bro-
cense, Coria. 363 pp.

Desprat S, Sanchez Goii MF, Loutre MF, 2003. Revealing
climatic variability of the last three millennia in north-
western Iberia using pollen influx data. Earth Planet Sci
Lett 213: 63-78.

Ezquerra Boticario FJ, Gil Sanchez L, 2008. La transfor-
macion historica del paisaje forestal en Extremadura. Ter-
cer Inventario Forestal Nacional 1997-2007. Ministerio
de Medio Ambiente, Madrid, Spain.

Faegri K, Iversen J, 1989. Textbook of pollen analysis, 4®*
ed. John Wiley and Sons, Chichester.

Fernandez Diez FJ, 1976. Flora vascular de la sierra de Ta-
mames y Pefa de Francia (Salamanca, Spain). Trab Dept
Bot Salamanca I: 3-27.

Fernandez Gémez L, 1984. Las Hurdes: de la prehistoria a
la baja Edad Media. Alcantara 31-32: 137-159.

Finsinger W, Tinner W, 2005. Minimum count sums for char-
coal-concentration estimates in pollen slides: accuracy
and potential errors. Holocene 15: 293-297.

Franco Moreno B, 2005. Distribucion y asentamiento de tri-
bus bereberes (Imazighen) en el territorio emeritense
en época emiral (s. VIII-X). Arqueol Territ Mediev 12-1:
39-50.

Franco Mugica F, 1995. Estudio palinolégico de turberas ho-
locenas en el Sistema Central: reconstruccion paisajisti-
ca y accion antropica. Doctoral thesis. Universidad Au-
tonoma, Madrid, Spain.



Heathlands, fire and grazing. A paleoenvironmental view of Las Hurdes 257

Franco Mugica F, Garcia Anton M, Maldonado Ruiz J, Mor-
la Juaristi C, Sainz Ollero H, 2001. Evolucién de la ve-
getacion en el sector septentrional del Macizo de Ayllon
(Sistema Central). Analisis polinico de la turbera de Pe-
lagallinas. An Jard Bot Madrid 59(1): 113-124.

Garcia Oliva MD, 2007. Un espacio sin poder: la Transierra
extremena durante la época musulmana. Stud Hist, Hist
Mediev 25: 89-120.

Garcia Navarro A, 1995. Los Suelos. In: Vegetacion y flora
de Extremadura (Devesa JA, ed). Universitas Editorial,
Badajoz. pp: 49-78.

Gardner AR, Willis KJ, 1999. Prehistoric farming and the
postglacial expansion of beech and hornbeam: a comment
on Kiister. Holocene 9(1):119-122.

Gil Romera G, Carrién JS, Pausas JG, Sevilla-Callejo M,
Lamb HF, Fernandez S, Burjachs F, 2010. Holocene fire
activity and vegetation response in South-Eastern Iberia.
Quat Sci Rev 29: 1082-1092.

Goeury C, Beaulieu JL de, 1979. A propos de la concentra-
tion du pollen a 1’aide de la liqueur de Thoulet dans les
sédiments minéraux. Pollen Spores 21: 239-251.

Gordon Peral MD (coord), 2010. Toponimia de Espaiia. Es-
tado actual y perspectivas de la investigacion. Berlin, Wal-
ter de Gruyter. 344 pp.

Granjel M, 2001. Las Hurdes en el siglo XIX: definicion
del territorio y evolucion demografica. Alcantara 53-54:
133-154.

Grimm EC, 1987. Coniss: a Fortran 77 program for strati-
graphically constrained cluster analisis by the method
of incremental sum of squares. Comput Geosci 13(1):
<13-35.

Grimm EC, 1992. Tilia, version 2. Springfield. IL 62703.
USA: Illinois State Museum. Research and Collection
Center.

Grimm EC, 2004. TGView. Illinois State Museum, Spring-
field.

IGME, 1990. Martiago. Mapa Geoldgico de Espaiia, escala
1:50.000. Ministerio de Industria, Servicio de Publica-
ciones, Madrid, Spain.

Jacobson GL Jr, Bradshaw RHW, 1981. The selection of si-
tes for paleovegetational studies. Quat Res 16: 80-96.
Janssen C, Woldringh RE, 1981. A preliminary radiocarbon
dated pollen sequence from the Serra da Estrela, Portu-

gal. Finisterra 16(32): 299-309.

Leuschner C, Meier IC, Hertel D, 2006. On the niche bre-
adth of Fagus sylvatica: soil nutrient status in 50 Central
European beech stands on a broad range of bedrock types.
Annals For Sci 63: 355-368.

Long CJ, Whitlock C, 2002. Fire and vegetation history from
the coastal rain forest of the Western Oregon Coast Ran-
ge. Quat Res 58: 215-225.

Loépez-Merino L, Lopez Sdez JA, Ruiz Zapata MB, Gil Gar-
cia MJ, 2008. Reconstructing the history of beech (Fagus
sylvatica L.) in the north-western Iberian Range (Spain):
from Late-Glacial refugia to the Holocene anthropic-in-
duced forests. Rev Palaeobot Palynol 152: 58-65.

Lopez-Merino L, Lopez-Séaez JA, Alba-Sanchez F, Pérez-
Diaz S, Carridn, JS, 2009. 2000 years of pastoralism and

fire shaping high-altitude vegetation of Sierra de Gredos
in central Spain. Rev Palaeobot Palynol 158: 42-51.

Lopez-Saez JA, Abel-Schaad D, Pérez-Diaz S, Blanco-Gon-
zalez A, Alba-Sanchez F, Dorado M, Ruiz-Zapata MB,
Gil-Garcia MJ, Gomez-Gonzalez C, Franco-Mtgica F,
2013. Vegetation history, climate and human impact
in the Spanish Central System over the last 9,000 years.
Quat Int.

Lopez Séez JA, Lopez Merino L, 2005. Precisiones meto-
dolégicas acerca de los indicios paleopalinoldgicos de
agricultura en la Prehistoria de la Peninsula Ibérica. Por-
tugalia, Nova Série Vol XXVI: 53-64.

Loépez Séez JA, Lopez Merino L, 2007. Coprophilous fun-
gi as a source of information of anthropic activities du-
ring the Prehistory in the Amblés Valley (Avila, Spain):
the archaeopalynological record. Rev Esp Micropaleon-
tol 39(1-2): 103-116.

Lopez Saez JA, Lopez Merino L, Alba Sanchez F, Pérez Di-
az S, 2009. Contribucion paleoambiental al estudio de la
trashumancia en el sector abulense de la Sierra de Gre-
dos. Hisp Rev Esp Hist vol LXIX, 231: 9-38.

Lopez Saez JA, Van Geel B, Martin Sanchez M, 2000. Apli-
cacion de los microfésiles no polinicos en Palinologia Ar-
queolodgica. En: Contributos das ciéncias e das technolo-
gias para a arqueologia da Peninsula Ibérica (Oliveira
Jorge V, ed). Actas 3¢ Congresso de Arqueologia Penin-
sular, vol IX. Adecap, Oporto, Portugal. pp: 11-20.

Llorente Pinto JM, 1992. Identidad serrana, cultura silvi-
cola y tradicién forestal: la crisis de los aprovechamien-
tos tradicionales en las tierras salmantinas y la opcion fo-
restal. Agric Soc 65: 217-252.

Magri D, 2008. Patterns of postglacial spread and the extent
of glacial refugia of European beech (Fagus sylvatica). J
Biogeogr 35: 450-463.

Manrique E, Fernandez-Cancio A, 2000. Extreme climatic
events in dendroclimatic reconstructions from Spain. Clim
Chang 44: 123-138.

Martinez Atienza F, Morla Juaristi C, 1992. Aproximacion
a la Paleocorologia Holocena de Fagus en la Peninsula
Ibérica a través de datos paleopolinicos. Inv Agrar (Fue-
ra de serie) 1: 135-145.

Martin Martin JL, 1985. Las funciones urbanas en la Tran-
sierra occidental. Esp Mediev 6: 403-418.

Mayor M, 1965. Estudio de la flora y vegetacion de las sie-
rras de Pela, Ayllon y Somosierra. Doctoral thesis. Uni-
versidad de Alcala de Henares, Alcala de Henares, Spain.

Mercuri AM, Sadori L, Blasi C, 2010. Editorial: Archaco-
botany for cultural landscape and human impact recons-
tructions. Plant Biosyst 144(4): 860-864.

Mighall T, Martinez Cortizas A, Biester H, Turner SE, 2006.
Proxy climate and vegetation changes during the last five
millennia in NW Iberia: pollen and non-pollen palynomorph
data from two ombrotrophic peat bogs in the North Western
Iberian Peninsula. Rev Palacobot Palynol 141: 203-223.

Montana Conchifia JL de la, Clemente Ramos J, 1994. La
Extremadura cristiana (1142-1230): ocupacion del espa-
cio y transformaciones socioeconémicas. Historia, insti-
tuciones, documentos 21: 83-124.



258 D. Abel-Schaad et al. / Forest Systems (2014) 23(2): 247-258

Moore PD, Webb JA, Collinson ME, 1991. Pollen analysis.
Blackwell Scientific Publications, Londres. UK.

Morales-Molino C, Garcia-Antéon M, Postigo-Mijarra JM,
Morla C, 2013. Holocene vegetation, fire and climate
interactions on the westernmost fringe of the Mediterra-
nean Basin. Quat Sci Rev 59: 5-17.

Morrison KD, 1994. Monitoring regional fire history
through size-specific analysis of microscopic charcoal:
The last 600 years in South India. J Archaeol Sci 21:
675-685.

Pausas JG, Keeley JE, 2009. A burning story: the role of fi-
re in the history of life. BioSci 59: 593-601.

Pino Garcia JL del, 1985. Génesis y evolucion de las ciu-
dades realengas y sefioriales en la Extremadura medieval.
Esp Mediev 6: 379-402.

Pulido F, Sanz R, Abel D, Ezquerra J, Gil A, Gonzalez G et
al., 2007. Los bosques de Extremadura, evolucion, eco-
logia y conservacion. Junta de Extremadura, Mérida,
Spain.

Riera Mora S, 2006. Cambios vegetales holocenos en la re-
gion mediterranea de la Peninsula Ibérica: ensayo de sin-
tesis. Ecosist 15: 17-30.

Rivas Martinez S, 1962. Contribucion al estudio fitosocio-
l6gico de los hayedos espafioles. An Inst Bot Cavanilles
20: 97-128.

Rivas Martinez S, 1963. Estudio de la vegetacion y flora de
las Sierra de Guadarrama y Gredos. An Inst Bot Cavani-
lles 21(1): 5-325.

Ruiz Zapata MB, Acaso Deltell E, 1981. Analisis polinico
de una turbera localizada en el glaciar de Los Conventos
(Macizo Central de Gredos, Avila, Spain). Bot Macaron
8-9:249-254.

Ruiz-Zapata MB, Carrasco RM, Gil-Garcia MJ, De Pedra-
za J, Razola L, Dominguez-Villar D et al., 2011. Dina-
mica de la vegetacion durante el Holoceno en la Sierra de
Gredos (Sistema Central Espafiol) Bol R Soc Esp Hist Nat
Sec Geol 105(1-4): 109-123.

Sanz R, Pulido F, Camarero J, 2011. Boreal trees in the Me-
diterranean: recruitment of downy birch (Betula alba) at
its southern range limit. Ann For Sci 68(4): 793-802.

Stockmarr J, 1971. Tablets with spores used in absolute po-
llen analysis. Pollen Spores 13: 614-621.

Stuiver M, Reimer PJ, Bard E, Beck JW, Burr GS, Hughen
KA et al.,, 1998. INTCAL98 Radiocarbon Age Calibra-
tion, 24000-0 cal BP. Radiocarb 40(3): 1041-1083.

Terés Landeta J, Valero Saez A, Pérez Figueras C, 1995.
Cuad Trashumancia 15. Extremadura. ICONA, Madrid.

Tinner W, Hu FS, 2003. Size parameters, size-class dis-
tribution and area-number relationship of microscopic
charcoal: relevance for fire reconstruction. Holocene 13:
499-505.

Turner J, 1962. The Tilia decline: an anthropogenic inter-
pretation. New Phytol 61: 328-341.

Valladares F, Camarero JJ, Pulido F, Gil-Pelegrin E, 2004.
El bosque mediterraneo, un sistema humanizado y diné-
mico. In: Ecologia del bosque mediterraneo en un mun-
do cambiante (Valladares F, ed). Ministerio de Medio Am-
biente, Madrid. pp: 13-25.

Valsecchi V, Finsinger W, Tinner W, Ammann B, 2008. Tes-
ting the influence of climate, human impact and fire on
the Holocene population expansion of Fagus sylvatica in
the southern Prealps (Italy). Holocene 18(4): 603-614.

Van den Brink LM, Janssen CR, 1985. The effect of human
activities during cultural phases on the development of
montane vegetation in the Serra da Estrela, Portugal. Rev
Palacobot Palynol 44: 193-215.

Van der Knaap WO, Van Leeuwen JFN, 1995. Holocene ve-
getation and degradation as responses to climatic change
and human activity in the Serra da Estrela, Portugal. Rev
Palaecobot Palynol 89: 153-211.

Van Geel B, 2002. Non-pollen palynomorphs. In: Tracking
environmental change using lake sediments, Volume 3:
Terrestrial, algal, and siliceous indicators (Smol JP, Birks
HIJB, Lastd WM, eds). Kluwer Academic Publishers, Dor-
drecht. pp: 99-119.

Van Geel, B, 2006. Fossil ascomycetes in Quaternary depo-
sits. Nova Hedwig 82 (3-4): 313-329.

Vanniere B, Colombaroli D, Chapron E, Leroux A, Tinner
W, Magny M, 2008 Climate versus human-driven fire re-
gimes in Mediterranean landscapes: the Holocene record
of Lago dell’Accesa (Tuscany, Italy). Quat Sci Rev 27:
1181-1196.

Viazquez R, 1992. Evolucion del paisaje vegetal durante el
Cuaternario reciente en la zona central y oriental de la
Sierra de Guadarrama a partir del analisis palinoldgico.
Doctoral thesis. Universidad de Alcala de Henares, Al-
cala de Henares, Spain.

Whitlock C, Larsen C, 2001. Charcoal as a fire proxy. In:
Terrestrial, algal, and siliceous indicators. Tracking en-
vironmental change using lake sediments (Smol JP, Birks
HIB, Last WM, eds). Dordrecht, The Netherlands, Klu-
wer Academic Publishers. pp: 75-97.

Wright HE, Patten HJ, 1963. The pollen sum. Pollen Spores
5:445-450.



