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Introduction

Abstract: This paper examines the mid- to late-Holocene (c. 6850-1160 cal. yr BP) environmental history of
Sierra de Gador in southern Spain. The local vegetation dynamics are reconstructed through the palacoecologi-
cal record obtained from a lacustrine deposit situated at 1530 m. Various hypotheses are considered to explain
the vegetation dynamics apparent in the palacoecological evidence, including climatic change, fire occurrence
and human activity. Although the vegetation in this region is sensitive to climatic change, threshold events
driven by ecological factors are also apparent. Climatic events include a thermo-mesophytic optimum with
abundance of deciduous trees and maximum lake water level found from c. 6850 to 5500 cal. yr BP. In contrast,
changes in the frequency of major fire episodes appear to have shaped interspecific relationships and vegetation
change, especially from c. 4200 cal. yr BP onwards. Biotic properties of the ecosystem such as the inertia of
established tree populations, interconnected with competition adjustments, appear also to have played a role.
Over the last two millennia, overgrazing, combined with natural and/or human-set fires, appears to have pushed
mountain forests over a threshold leading to the spread of grassland, thorny scrub, junipers and nitrophilous
communities.

Key words: Holocene, palacoecology, pollen analysis, vegetation dynamics, climatic change, desertification,
fire, anthropogenic disturbance, Spain, arid lands.

Here we presenta Holocene palynological sequence from Sierra
de Gador, a massif situated within one of the most arid territories
of Europe, the Murciano-Almeriense phytoprovince of southeast-

Most of the Quaternary palaeoenvironmental records available to
date from the Mediterranean region are located in areas of rela-
tively high precipitationgvaporation ratio with a large number of
sites in the southernmost areas of Spain, Italy and Greece. This
means that we remain very much in ignorance about the nature
and timing of environmental changes in the most typical regions
of Mediterranean climate. This gap in our knowledge is critical
because it is precisely this unexplored part of the Mediterranean
region that is largely vulnerable to climatic changes and specifi-
cally to aridity events and desertification.
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ern Spain (Mota et al., 1997; Sénchez-Goémez et al., 1998). This
region extends over ¢. 13 000 km?, and represents a model area
to address a variety of environmental issues because of its high
plant-species diversity, its varied physiography with abundance of
ecotonal territories, its great risk of desertification, and the
antiquity of human pressure on the landscape. The few pollen
analyses that have been carried out in this region have tended to
concentrate on those sequences that were easily accessible, rather
than on the more desirable ones. Those include adjacent marine
sediments (Targarona, 1997); small peaty deposits in subcoastal
mountains (Riera et al., 1995); playa lakes (Burjachs et al., 1997);
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valley-bottom fills in badland areas (Nogueras efal., 2000);
palaeolagoons and coastal marshes (Y1l eral., 1994; Pantale6n-
Cano etal., 2003); and prehistoric sites (Davis and Mariscal,
1994; Carrioén et al., 1995; 1999; Carrion, 2002a).

The aim of this paper is to reconstruct the local vegetation his-
tory of Sierra de Gddor and elaborate hypotheses about forcing
mechanisms of vegetation change based on palacoecological evi-
dences of fire occurrence, human activity and climatic change.
Specific subjects of controversy relate to: (i) whether this treeless
mountain, today flanked by desert depressions, was forested at
any time since the mid-Holocene, and, if so, which arboreal spec-
ies were involved (Giménez, 2000; Grove and Rackham, 2001);
(i) whether the study-site catchment includes pollen/microfossil
signal for the aridification trend discernible in lowland eastern
Andalusia since c¢. 5500 cal. yr BP (Pantaleén-Cano et al., 2003;
Carrién, 2001a); (iii) whether fire events and other disturbances
are critical factors in the tempo of vegetation change, and to which
extent these influences are compatible with the determinism of the
climatic system (Willis, 1994; Bennett and Willis, 1995; Carrion,
2001b); (iv) whether the palacorecord of biotic changes, fire
occurrence and anthropogenic disturbance can shed light on the
characteristics of modern vegetation (Mota et al., 1996); and (v)
whether prehistoric patterns of human settlement are related with
the Gador environmental history, especially the Argaric collapse
at ¢.3600 cal. yr BP, often considered an anthropogenically
induced catastrophe (Castro et al., 1999).

Physical setting

The study site (2° 55'W, 36° 54'N, 1530 m a.s.l.) is a small lacus-
trine deposit (c. 400 X 350 m), 11 km northeast of the village of
Berja, in the western flanks of the highest Sierra de Gador
(2250 m a.s.l.), Almeria province, southeastern Spain (Figure 1).
Sierra de Gddor is basically a calcareous mountain formed by

Triassic limestones and dolomites, lying south of Sierra Nevada
(3482 m) and Sierra de Baza-Filabres (2271 m), west of the
Tabernas desert depression, and c¢. 5-30 km north of the Mediter-
ranean Sea (Figure1). The study basin, which still inundates
periodically, has served historically as a pool for domestic stock
and adjacent cultivars; it is more rarely cultivated for cereals. The
basin has no incoming streams and is fed by direct precipitation
and surface runoff from the catchment. The depositional context
is a massive bed of organic calcareous clays overlying calcreted
conglomerates. The uppermost 20 cm represent a disturbed agri-
cultural horizon (Figure 2).

The study site lies in the supramediterranean bioclimatic belt,
close to the mesomediterranean belt (Figure1). Local mean
annual temperature and precipitation at this altitude average 11—
12°C and 450-500 mm, respectively. Precipitation is, however,
distributed unevenly across Sierra de Gddor due to elevational
gradients and localized rain-shadow effects. Precipitation
increases with altitude, often exceeding 670 mm above 1800 m,
but dropping below 200 mm along the southern and eastern
slopes.

Plant communities of Sierra de Géador are characterized by a
majority of Mediterranean contingent species (65%), including
Iberian, Murcian-Almerian, Ibero-North African and Ibero-Irano-
Turanian endemics. Trees are extremely rare, and most potential
arboreal species, such as Quercus rotundifolia and Q. faginea,
display shrubby habit, or occur as isolated trees in gullies (Mota
etal., 1996; 1997; Giménez, 2000).

High-elevation areas of the supramediterranean belt, above
1400 m, are dominated by scrub of Berberis hispanica and
Juniperus oxycedrus, with Crataegus monogyna, Quercus
rotundifolia, Lonicera arborea, Prunus ramburii, several species
of Rosa and a basal layer of hardleaved grasses. Prostrate thorns
such as Vella spinosa, Hormatophylla spinosa, Ononis ara-
gonensis, Erinacea anthyllis, Echinospartum boissieri, Dianthus
pungens, Rhamnus saxatilis and Prunus prostrata become the
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Figure 2 Sediment depth and litho- and pollen stratigraphy to radiocarbon age relationships from the Gador section. Lines connecting each plotted point

are interpolated sediment-accumulation rates.

dominant vegetation in the wind-exposed areas above 1800—
1900 m (Mota efal., 1993). The mesomediterranean areas,
extending from c. 800 to 1400 m, are characterized by Genista
cinerea, Ulex parviflorus, Asparagus acutifolius, Phlomis purpurea
and Lavandula lanata, with patches of Quercus coccifera, Q.
rotundifolia and Juniperus oxycedrus. The thermomediterranean
belt, 200-800 m, is characterized by rich communities of Pistacia
lentiscus, Chamaerops humilis, Salsola webbii, Quercus
coccifera, Bupleurum gibraltaricum, Rhamnus alaternus, R.
oleoides, Asparagus albus, Ephedra fragilis, Olea europaea,
Genista umbellata and Cistus albidus, among others. Sclerophyllous
brushwoods characterized by Ibero-north African species
(Maytenus europaeus, Ziziphus lotus, Periploca angustifolia,
Calicotome intermedia, Withania frutescens, Launaea arbores-
cens, Osyris lanceolata) are abundant along the southern and east-
ern slopes below 400 m. The very sparse stands of pines (Pinus
nigra, P. pinaster, P. sylvestris, P. halepensis) are considered as
derived from historical afforestations (Giménez, 2000). Saline
depressions and intermittent watercourses, very common through-
out the region, are colonized by Artemisia, Nerium oleander,
Chenopodiaceae, Tamarix, Limonium and Poaceae species.

Methods

A sediment core was collected from a central point in the dry
depression during late summer using a 6 cm diameter piston sam-
pler. Coring was stopped at 212 cm due to the hardness of the
sediments (Figure 2). The core was extruded in the field, wrapped
in clingfilm, and placed in labelled sections of PVC guttering cut
lengthways. Given the predominantly minerogenic character of
the sediment, subsamples (c. 2 cm thick) were taken contiguously
in order to obtain sufficient sediment for pollen, macrofossil
analysis and radiocarbon dating analyses. No macrofossil remains
were found throughout the sediment core, which, together with
the total absence of peaty layers, suggest that organic matter
decomposition and mineralization must have been important
throughout the sequence.

Extraction of palynomorphs follows the standard procedure
described in Moore ef al. (1991). Mineral separation with heavy
liquid density 2.0 was used for all the samples. Exotic Lyco-
podium tablets of a known concentration were added to calcu-
late pollen concentrations. After chemical and physical treat-
ment, a minimum of 250 pollen grains (excluding non-pollen
microfossils) were identified under a light microscope using
the reference collection of the Laboratory of Palynology at the

University of Murcia. Most identification criteria for regional
pollen types have been given in previous papers (Carrion and van
Geel, 1999; Carrion et al., 2000), but several local taxa deserve
detail. Chamaerops, being the only natural palm species in this
area (where it is abundant nowadays), was distinguished from
Phoenix by its larger and less isodiametric pollen. Asparagus pol-
len is relatively small when contrasted against the commonest size
pattern for the Liliaceae, and is characteristicallyelliptical in polar
view. Lycium pollen was separated from other Solanaceae types
based on its characteristically small apocolpium and striate apertu-
ral membrane. Withania pollen shows a peculiar foveolate pattern,
striate markings being seldom visible across the mesocolpium.
Ziziphus was discriminated from Rhamnus on the basis of its less
clearly marked reticulum and less pronounced differences in
lumina width towards the centre of the mesocolpium. Calicotome
pollen is clearly different from Genista-type, displaying thicker
reticulum muri, rectangular shape in equatorial view and more
flattened mesocolpia.

Pollen diagrams (Figures 3—6) were constructed using the com-
puter program PSIMPOLL (Bennett, 2000). Hydroseral pollen
(Apium, Typha, Cyperaceae), algal (Zygnemataceae), bryophytic
(Riccia) and fungal spores (Sordariaceae) and other non-pollen
palynomorphs (Pseudoschizaea) were excluded from the pollen
sum. The delimitation of Gador (G) pollen assemblage zone
boundaries was obtained from an optimal division of the sequence
using the information content criterion (Bennett, 2000). G-zones
were based on the values of types that exceeded 2% in any
sample, excluding non-pollen palynomorphs and pollen from
aquatic and littoral vegetation. A synthetic diagram including
selected pollen and microfossil curves, and microscopic charcoal
abundance, is shown in Figure 5. In this diagram, ‘thermophytes’
include Chamaerops, Phillyrea, Myrtus, Maytenus, Pistacia,
Cistus, Ephedra fragilis, Ziziphus, Withania, Periploca, Osyris
and Calicotome. ‘Other mesophytes’ include Alnus, Fraxinus,
Acer, Corylus, Betula, Ulmus and Salix. ‘Xerophytes’ include
Ephedra  fragilis, Artemisia, Chenopodiaceae, Lamiaceae,
Asphodelus, Lygeum, Thymelaea, Tamarix, Euphorbia, Aizoaceae,
Ziziphus and Periploca.

The total number of microcharcoal particles higher than 10 pum
and 50 pm (two categories) were counted on the slides prepared
for pollen analysis and their concentrations calculated with refer-
ence to the Lycopodium counts (Figure 5). The number of char-
coal particles can be taken as an indication of regional fire occur-
rence (MacDonald et al., 1991), although it is clear that particles
larger than 50 wm must reflect relatively more local burning pro-
cesses. Because of the many problems inherent to the taphonomy
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Figure 3 Pollen diagram of Gador for trees and shrubs. Gador (G) pollen assemblage zone boundaries determined according the information content

criterion (Bennett, 2000) for pollen taxa displaying percentages above 2% in Figures 3 and 4. Points indicate pollen frequencies below 2%. Ages in

calibrated radiocarbon years BP (CALIB 4.3, Stuiver et al., 1998).

of charcoal in these depositional environments, we cannot provide
further detail on the geographic extent of fire events in the
Gador sequence.

Chronology

The Gddor environmental record spans from c. 6850 to 1160 cal.
yr BP. The chronology was established on the basis of six
radiocarbon dates. Samples consisted of bulk organic sediment,
dated by the AMS method where necessary because of low carbon
content in the organic extracts (Table 1). Dates were calibrated
using CALIB 4.3 (Stuiver et al., 1998). Calibrated ages BP were
taken as the midpoint of the 95.4% (2 sigma) probability interval.
The probability that the dates are affected by hardwater error can-
not be excluded, but the internal consistency of the series provides
no evidence that this has in fact occurred (Figure 2). An age-depth
model based on interpolated ages between adjacent pairs of dates
was obtained (Figure 2). Sediment-accumulation rates are such
that 1 cm represents, on average, 35.9 years for zone G1, 37.8
years for zone G2, 27.9 years for zone G3, 11.6 years for zone
G4 and 23.0 years for zone G5.

Pollen stratigraphy and vegetation
history

The pollen sequence can allow insights into the vegetation history
of the supra and mesomediterraneanareas of Sierra de Gador from
c. 6850 cal. yr BP to c. 1160 cal. yr BP (Figures 3-6). As in topo-
graphically similar mountain sites of Spain, the pollen catchment

is very likely to include a lower-altitude, thermomediterranean
signal caused by ascending airflow along slopes (Vazquez and
Peinado, 1993).

Mid-Holocene pine forests (6850-6060 cal. yr BP)
During the zone G1 (c. 6850-6060 cal. yr BP) Pinus dominates
the pollen spectra, showing three short-lived phases of decline at
c. 6750, 6550 and 6350 cal. yr BP, which are coetaneous with
deciduous Quercus peaks. Based on the current ecology of Iberian
species, Pinus nigra and Quercus faginea are, respectively, the
most likely pine and oak pollen-producing species at these alti-
tudes in the calcareous Betics (Carrion et al., 2001b), although
some contribution of P. halepensis from lower-altitude areas and
Q. pyrenaica from siliceous outcrops is also possible. The zone
Gl is also characterized by maximum abundance and diversity of
deciduous trees (Alnus, Fraxinus, Acer, Corylus, Betula, Ulmus,
Salix), and other mesothermophilous taxa (evergreen Quercus,
Taxus, Chamaerops, Phillyrea, Arbutus, Myrtus, Maytenus,
Asparagus, Olea, Pistacia). The thermic element is slightly more
abundant during the period from c. 6850 to 5200 cal. yr BP, which
represents the thermo-mesophytic optimum (Figure 5). This is
further supported by the relatively high amounts of Apium and
Typha pollen, and Zygnemataceae spores, suggesting the exist-
ence of a semi-permanent body of shallow water during the zone
G1 (Figure5).

Deciduous oak forests and the onset of xerophyte
spread (c. 6060-3940 cal. yr BP)

During the zone G2 (c. 6060-3940 cal. yr BP), pine forests are
replaced by deciduous Quercus with components of broadleaved
trees such as Betula, Corylus, Ulmus and Salix, which remain
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Figure 4 Pollen diagram of Gador for Poaceae, Cupressaceae, xerophytes, thorny scrub and anthropogenic indicators. G-zone boundaries according to the
information content criterion (Bennett, 2000) for pollen taxa displaying percentages above 2% in Figures 3 and 4. Points indicate pollen frequencies below
2%. Ages in calibrated radiocarbon years BP (CALIB 4.3, Stuiver et al., 1998).

predominant until c¢. 48004500 cal. yr BP. This zone is also
characterized by declines of Alnus, Fraxinus and Arbutus, rises of
Artemisia and Chenopodiaceae, relative abundance of Maytenus,
Phillyrea, Buxus, Myrtus, Asparagus, Pistacia and Chamaerops,
and the first occurrences of Withania, Lygeum (c. 5600 cal. yr
BP), Ephedra fragilis, Thymelaea, Tamarix, Euphorbia, Periploca
and Osyris.

Pines versus evergreen oaks (c. 3940-1760 cal. yr
BP)

The zone G3 (c. 3940-1760 cal. yr BP) is characterized by rapid
alternation of Pinus and evergreen Quercus at the expense of
deciduous Quercus, which declines abruptly. Up to 17 peaks of
Pinus and evergreen Quercus are recorded, delaying each other
c. 50 years on average (Figure 3). The context is xeric, as sug-
gested by raised curves of Lygeum, Chenopodiaceae, Artemisia,
Lamiaceae and Ephedra fragilis, higher recurrence of Asphodelus,
Thymelaea, Tamarix, Euphorbia, Ziziphus, Osyris and Withania,
and the first contributions of Aizoaceae and Calicotome pollen.
While xerophytes progressively increase, the mesophytic element
continues its decreasing tendency started in the former zone at
¢. 6000 cal. yr BP (Figure 5). A rise in the Plantago curve is also
visible, especially after c¢. 3000 cal. yr BP. Additional character-
istics of this zone include increases of Erica, Pistacia and Cistus,
and episodic occurrences of Acer, Corylus and Betula. Other
woods such as Buxus, Phyllirea, Maytenus and Myrtus experience
conspicuous declines after ¢. 4100-3900 cal. yr BP, with the last
taxon disappearing at c¢. 2000 cal. yr BP.

Last spread of pine (c. 1760-1620 cal. yr BP)

Shortly during the zone G4 (c. 1760-1620 cal. yr BP), the Pinus
curve rises up to a last peak at ¢. 1700 cal. yr BP coinciding with
the evergreen Quercus sequence minimum (Figure 3). Shortly
after this event, Pinus starts decreasing, coetaneously with
increases of evergreen Quercus, Cupressaceae and Poaceae.
Thorny scrub of Genisteae, Rhamnus, Berberis and Periploca
show pollen curves after c. 1650 cal. yr BP (Figure 4).

Recent forest decline (c. 1620-1160 cal. yr BP)
Progressively during G5 (c. 1620-1160 cal. yr BP), Pinus
decreases, while Poaceae, Cupressaceae and Lygeum become
more frequent, showing maxima of about 40%, 7% and 3%,
respectively (Figure 4). The Poaceae peak at c¢. 1600 cal. yr BP is
preceded by rising curves of Sordariaceae, Polygonum aviculare,
Riccia and Genisteae (Figures 4 and 5). This zone shows continu-
ous incidence of Rhamnus, Berberis, Ononis, Ziziphus, Periploca,
Calicotome, Caryophyllaceae, Helianthemum and Brassicaceae,
and the first pollen records of Vitis at c. 1680 cal. yr BP and
Centaurea at c. 1300 cal. yr BP.

Controls of vegetation change

The pollen record of vegetation can be compared with the
microfossil record of lacustrine hydrological variation, micro-
charcoal indication of fire activity, and palynological record of
anthropogenic disturbance to raise a picture of influences for the
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Table 1 Radiocarbon age determinations on bulk sediment (organic clay) from the Gador sequence. Calibrations were carried out following Stuiver ef al.
(1998) (CALIB 4.3). The calibrated age BP was taken as the midpoint of the 95.4% (2 sigma) probability interval

Lab. ref Depth (cm) Conventional age Calibrated age range Calibrated age Analysis
(*C yr BP) years BP
GrA-17553 20-22 1240 = 40 1263-1063 1160 AMS
GrA-17556 42-44 1705 = 40 1705-1532 1620 AMS
GrA-17554 54-57 1825 = 40 1834-1691 1760 AMS
GrA-17557 132-134 3645 *+ 45 3989-3891 3940 AMS
Beta-155407 188-190 5290 = 70 62025921 6060 conventional
Beta-155408 210-212 6020 = 80 6949-6748 6850 conventional
. N GADOR PALAEOECOLOGICAL RECORD HYPOTHETICAL CLIMATIC INDIGATORS
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Figure 6 Processes and controls of vegetational developments in the Gador sequence, and correlation with regional and extra-regional environmental
records, and with patterns of human settlement. Climatic influences are shaped by competitive interactions, changes in fire regime and grazing pressure.

Gador environmental sequence (Figure 6). While climate exerted
long-term control of the species pool in Géador, the response of
vegetation to climate exhibits important timelags, which suggests
the contingency of ecological factors.

Invasion of pine forests by deciduous oaks

The invasion of pine forests by deciduous oaks at c. 6060 cal. yr
BP is difficult to explain from this pollen record alone. Such a
change in the vegetation could be interpreted as an immediate
response to increased water availability (Burjachs et al., 1997;
Carrién, 2001b). However, pollen of mesophilous species dimin-
ishes after the G1-G2 boundary, while Cyperaceae increases with
respect to Apium, suggesting lowered water levels under enhanced
summer drought. In addition, the rises of Pseudoschizaea since
5900 cal. yr BP and xerophytic taxa since c. 5500 cal. yr BP sug-
gest that climate was already drier during the onset of zone G2.
Another consideration is human disturbance. However, any influ-
ence of human activity on the vegetation is improbable since Neo-
lithic settlement was very sparse and only episodically sedentary
in the lowland region (Cédmalich and Martin, 1999; Nocete, 2001).

Given a formerly drier climate, why did deciduous oak forest
not establish before? The occurrence of three episodic expansions
of deciduous Quercus during G1 (Figure 6) suggests that
competition between oaks and pines started several centuries earl-
ier, perhaps at ¢. 6800 cal. yr BP. In this context, we hypothesize
that the establishment of deciduous oak forests was hampered by
the resilience of the established pine communities until c¢. 6060
cal. yr BP, when a permanent invasion took place.

Decline of deciduous oak forests, anthropogenic
disturbance mid- to and late-Holocene aridification
trend
The microcharcoal record (Figure 5) envisages a picture of fire
incidence broadly related with hydroclimatic variation. Micro-
charcoal particles are especially abundant from c. 4200 cal. yr BP,
reaching maxima values between c. 2100 and 1600 cal. yr BP.
This pathway is not altered taphonomically, that is, there is a good
correlation between the curves of the two categories of micro-
charcoal particles (Figure 5).

From 3940 there was a rapid decline in deciduous oaks with a
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corresponding large increase in Pinus and evergreen oaks. The
factor controlling this dramatic change is most probably fire, and
in particular the frequency of the fire events. The most outstanding
pattern that emerges from the microfossil charcoal records con-
cerns the frequency of major episodes of fire. On average, these
occur each 300400 years from the bottom up to c. 41004200
cal. yr BP, then changing to each 100-200 years until the top of
the sequence (Figure 5). This major change to higher fire fre-
quency precedes a replacement of deciduous Quercus by Pinus
and evergreen Quercus. This picture of disturbance-mediated
invasion agrees with current ecological studies that describe the
vulnerability of deciduous oak forests to recurrent fire events
(Chuvieco, 1999).

It is interesting that this change towards more sclerophyllous
vegetation occurs during the Prehistoric Argaric period (c. 4250—
3600-3500 cal. yr BP) (Hernando, 1999). Archaeological litera-
ture tends to support enhanced intensity of human impacts in the
region during the former Los Millares period (c. 5400-4250 cal.
yr BP), including the occurrence of lowland and midland forest
destruction and matorralization (Lull, 1983; Chapman, 1991). It
has been postulated, for example, that a higher frequency of seeds,
grinding stones and other macrolithic tools per volume of exca-
vated deposit in Argaric settlements would point to an increase
in agricultural production during the Los Millares phase (Castro
etal., 1999). Palaeoanthracological evidence has been indicated
to testify to wider clearance, increased exploitation of woody
species, and advanced pasturage (Rodriguez-Ariza, 1992; 1995),
while pollen analyses in open-site excavation beds from river
valleys show increased heliophytes, sparser pines and anthropog-
enic indicators (Cerealia, Plantago, Polygonum, Vitis) (Lépez,
1988; Davis and Mariscal, 1994). Furthermore, the Argaric ter-
mination, in sharp contact with an ulterior, more dispersed Final
Bronze pattern of settlement (c. 35002900 cal. yr BP), is viewed
as socio-economic collapse, an anthropogenically induced
environmental catastrophe that could have taken place as fast as
within 30 years (Castro et al., 1999) (Figure 6).

From the archaeological and archaeobotanical records, the fire-
induced replacement of deciduous oak forest in Gador could
plausibly be linked to human activities. However, the association
of fire and a drier climate is also supported, in this case by the
significant positive correlations between microcharcoal and Arte-
misia, xerophytes and Pseudoschizaea, and the significant nega-
tive correlations between microcharcoal and deciduous Quercus
and other mesophytes (Table 2). A hypothesis of broad climatic
influence must therefore be outlined, although this might be better
assessed through a multisite study.

Even more pronounced than pine forests of stage G1, deciduous
oak forests would have demonstrated little change to climatic

change. However, if we consider the curves of Asteraceae,
Lygeum, Artemisia, Chenopodiaceae, Ephedra fragilis, Lamiaceae
and Thymelaea in the context of the variation of xerophytes versus
mesophytes, the onset of arid conditions during ¢. 5500-5100 cal.
yr BP are visible. This interpretation is further supported by
evidence from the palacolimnological record. Increased Pseudo-
schizaea at the expense of Zygnemataceae and Cyperaceae is
likely to reflect progressively longer seasonal desiccation since
¢. 5900 cal. yr BP. Pseudoschizaea peaks at c. 5000, 3800 and
2300 cal. yr BP, which parallels xerophytic maxima at c. 5100,
3700 and 2300 cal. yr BP (Figure 5).

Correlation with regional and extraregional climate proxies
strengthens the climatic argument (Figure 6). Regional vegetation
during the mid-Holocene attains a mesophytic optimum,
maximum forest development and xerophytic minimum. In con-
trast, the late Holocene emerges as a generally dry, pyrophytic
period of pine forests and spread of xerophytic communities,
under the context of dry spells, and shallowing and desiccation
of lakes, cessation of peat accumulation and diminishing soil
moisture in valley bottoms (Carrién, 2001a). This picture is
visible in the palaeoecological records of San Rafael, Antas, and
Roquetas de Mar in lowland coastal Almeria (Figure 1) (Y1l et al.,
1994; Pantaleén-Cano et al., 2003), in the most continental region
of the Segura Mountains (Carrién et al., 2001a; 2001b; Carrion,
2002b), and in a number of western Mediterranean sites (Valero
and Gonzalez, 1999; Jalut et al., 2000). A return to widespread
aeolian sediment mobilization after 5000 cal. yr BP is recorded
in the Sahara (Swezey, 2001). Given this long-term climatic
influence, deciduous oak forests in Sierra de Gador would have
withstood growing aridification beyond a millennium, becoming
replaced only after fire disturbance. As discussed above, to estab-
lish whether these fires were provoked by man, climate or both
is largely non-testable.

Competitive interactions between pines and
evergreen oaks
Since there is clear-cut correlation between Pinus increases and
evergreen Quercus decreases throughout the zone G3, it is sug-
gested that abrupt oscillations of both taxa do reflect a competitive
balance changed periodically, plausibly by fire disturbance. Lags
between the shifts of Pinus and evergreen Quercus average 50
years approximately. The period of highest microcharcoal concen-
trations starts at c. 2050-2100 cal. yr BP, just before the G3-G4
transition (c. 1760 cal. yr BP) towards longer persistence of Pinus
(Figure 5). The Pearson coefficient shows higher correlation of
charcoal with Pinus than evergreen Quercus (Table 2).

Hence, it appears that fire events during the stage G3 favoured
a rapid replacement between pines and evergreen oaks, while

Table 2 Pearson correlation coefficient for pollen taxa percentage values and microcharcoal concentration at Gador (see the methods section of the text

for definitions of ‘Other mesophytes’ and ‘Xerophytes’

Dec. Quercus  Ev. Quercus Q. suber Pinus P. pinaster  Artemisia Other Xerophytes  Pseudoschizaea
mesophytes
Ev. Quercus -0.306%*
Q. suber - +0.298%%  40.278%* +0.250%*
Pinus —0.636%*
P. pinaster +0.607** -0.239*
Artemisia —0.579%:* -0.253* +0.205%* —0.537%:* —0.667%*
Other mesophytes +0.902°%* —0.284%:* —0.380%*  +0.655%*
Xerophytes —0.645%:* -0.247* +0.268%**  —(.574%:* +0.954 % —0.717%:*
Pseudoschizaea —0.561%*%* +0.234%* —0.422%:* +0.498 % —0.689%:* +0.518%*
Microcharcoal —0.561%:* +0.340%*  —0.480%** +0.469°%* —0.593%:* +0.515%*%  4+0.356%*

*Meaningful at the 0.05 level.
**Meaningful at the 0.01 level.
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increasing fire intensity would have provoked an ulterior stage of
pine prevalence during the stage G4 (Figure 6). Fire appears as a
regional phenomenon at this time, as suggested in the late-
Holocene pollen sequence of the Cafiada Larga peat bog (1890 m
a.s.l.) in the nearby Sierra de Filabres-Baza (Figure 1), which
shows grassland spread since c. 2400 cal. yr BP preceded by
increases of fire occurrence at c¢. 2700 cal. yr BP (Riera et al.,
1995) (Figure 6).

Pastoralism and the influence of human activities
during Roman times: the onset of recent forest
depletion

The coetaneous records of sordariaceous fungal spores and Riccia
spores, and Polygonum aviculare pollen, are probably indicative
of heavy grazing in the lake catchment since c. 1700-1650 cal.
yr BP, prior to the grass expansion/forest decline characteristics
of zone G5 (Figures 4-6). Sordariaceae are often coprophilous
(Lundgqvist, 1972). Riccia species grow abundantly in the emerg-
ent surfaces of regional mountain water bodies within areas of
intense grazing. Polygonum aviculare can also be related with
pastoralism (Carrién and van Geel, 1999; Carrién, 2002b).

The curves and/or continuous occurrences of Genisteae (cf.
Echinospartum, Erinacea, Genista, Ulex), Berberis hispanica,
Crataegus monogyna, Rhamnus (cf. R. saxatilis), Caryophyllaceae
(cf. Dianthus pungens), Brassicaceae (cf. Vella, Hormatophylla)
and Ononis (cf. aragonensis), in phase with Poaceae and
Sordariaceae-Riccia-Polygonum assemblages, suggest expansion
of thorny scrub following historical forest clearance and overgraz-
ing on the high-elevation grasslands during the stage G5. Pastoral-
ism would have even occurred extensively in low-elevation areas
of Sierra de Gador, as suggested by the coetaneous spread of ther-
mophilous spiny shrubs such as Ziziphus lotus, Withania frutes-
cens, Periploca angustifolia and Calicotome intermedia.

This influential pattern is further supported by charcoal and
seed remains of Olea, Vitis and heliophytic taxa in the excavation
sites of the slopes (Rodriguez-Ariza, 1995; Buxd, 1997), and
archaeological evidences of great demographic pressure during
Roman times (Camalich and Martin, 1999). This anthropogenic
phase still occurs in Gddor with high fire activity, which may now
be more clearly connected with slash-and-burn practices,
especially from c¢. 1800 onwards, when the charcoal patterns
become more irregular (Figures 5-6).

To finish, we emphasize that, in high- and mid-elevation areas
of Sierra de Gador, human activities may have taken place well
before the occurrence of conventional anthopogenic pollen indi-
cators. Although arable agriculture (Vitis, Centaurea?), and
arboriculture (e.g., Castanea) are noticed very recently (Figure 4),
grazing by flock animals may have occurred in Sierra de Gador
many thousands of years before, but left no traces in the land-
scape. One should not expect agricultural practices to be important
at the study-site altitude. In this respect, it is worth stressing that,
although less abundant than during the zones G4 and G5, spores
of Sordariaceae and Riccia do occur since the beginning of the
pollen sequence (Figure 4), while Plantago, although not being
an unquestionable anthropogenic indicator in southern Spain
(Pantaleén-Cano et al., 2003), rises slightly since c¢. 3100 cal. yr
BP.

Final remarks and conclusion

We have provided a reconstruction of the local vegetation history
of Sierra de Gddor during the period from c. 6850 to 1160 cal. yr
BP, and a discussion on the controls of vegetation change based
on palaeoecological evidences of fire occurrence, human activity
and climatic change. We can now shed light on the specific topics
of controversy posed in the introduction.

(1) The Sierra de Gddor has certainly seen stages of forest dur-
ing the Holocene. Unfortunately, the pollen sequence is interrup-
ted at c. 1160 cal. yr BP, and we cannot inform about environmen-
tal changes that occurred thereafter. However, it is clear that, one
millennium ago, there were present several taxa that are now
extinct in Sierra de Gador, such as Taxus baccata, Corylus avel-
lana, Betula celtiberica, Alnus glutinosa and Myrtus communis.
Others, like Arbutus unedo, Buxus sempervirens, B. balearica and
Acer granatense, have become extremely rare. In addition, histori-
cal records and toponimic information suggest there was extensive
brush and pine and oak forest cover in several mountain systems
of Almeria only three centuries ago (Gémez-Cruz, 1991; Garcia
Latorre and Garcia Latorre, 1996). Sierra de Gador became one
of the world’s chief lead producers since 1822, which would have
produced a major impact on tree cover (Grove and Rackham,
2001). The current treeless situation of Sierra de Gador has been
shaped relatively recently.

(2) This new palaecoecological record adds to previous pollen
sequences in lowland eastern Andalusia to suggest a general arid-
ification trend since the mid-Holocene (c. 5900-5500 cal. yr BP).
This conclusion is supported by both xerophyte pollen and
microfossil indicators of lake shallowing and desiccation. Extra-
regional correlation with north African and other Mediterranean
areas is hampered by insufficient chronological control.

(3) Itis clear that fire frequency has been a major contingency
for the tempo of changes in the forest dominant in Sierra de
Gador. However, both forest decline and replacement of meso-
phytic by more xeric Mediterranean vegetation are influenced by
climatic change, in particular growing aridity during the second
half of the Holocene. So, fire events, while being critical on the
tempo of vegetation change, remain compatible with the determin-
ism of the climatic system.

(4) Modern vegetation in Sierra de Gador cannot be adequately
understood in absence of the palaeorecord of biotic changes, fire
occurrence and anthropogenic disturbance. Several species are
relics of the mid-Holocene mesic forests. Over the last two millen-
nia, natural and/or human-set fires, combined with overgrazing,
would have pushed mountain forests over a threshold leading to
the spread of grassland, thorny scrub, junipers and nitrophilous
communities. The Gddor sequence is also pertinent to discern the
ecological affinities of several species such as Maytenus euro-
paeus, Chamaerops humilis, Myrtus communis, Asparagus, Phil-
lyrea (cf. P. media) and Buxus sempervirens/balearica, which
behaved as mesophytes by reaching a maximum during the mid-
Holocene (Figure 3). These taxa have declined in Géador since
¢. 4000 yr BP, and their variation does not correlate that of the
xerothermic scrub of Ziziphus, Withania, Periploca and Cal-
icotome, which have been phytosociologically related (Peinado
etal., 1992). Rather, our findings give support to the ideas by
Mota et al. (1996) and Cabezudo and Pérez-Latorre (2001) about
the importance of the palaeotropical element in the overall compo-
sition of the pre-anthropic shrub communities of the southeastern
coastal mountains.

(5) The magnitude of human impacts on vegetation during the
Holocene has been highly variable over southeastern Spain, start-
ing earlier in low-elevation areas and river basins. It seems to us
that the environmental problem has not been sufficiently bounded
in archaeo-ecological discussions. The evidential basis on which
environmental inference has been approached is at best ambiguous
and at worst simply not the type of data that could provide reliable
answers. It is here where palaeoecological records might hope to
provide a remedy. However, archaeological pollen and charcoal
will tend to reflect local landscapes, and the own Gador environ-
mental history, based on a single core, cannot be a panacea. The
idea of Argaric collapse as being related to resource exhaust under
enhanced aridity is just a hypothesis that needs to be better tested.
The problem is one where the spatial scale reaches paramount



848 The Holocene 13 (2003)

importance and, thus, the extent of human impacts in the region
can be only adequately approached on the basis of specifically
orientated projects.

Acknowledgements

We greatly thank Kathy Willis, Richard Bradshaw and an
anonymous referee for constructive comments on an early draft.
Michele Dupré provided crucial help with lab processing. M.
Munuera and F. Sdez helped with drilling. Permission to drill was
obtained from the Servicio de Proteccién de Flora y Fauna, Con-
sejeria de Medio Ambiente, Junta de Andalucia. This research has
been funded by the Spanish Ministerio de Educaciéon y Ciencia
and Fundacion Séneca through the projects BOS2000-0149 and
PI-17/00739/FS/01, respectively.

References

Bennett, K.D. 2000: Psimpoll and pscomb: computer programs for data
plotting and analysis. Available on the internet at http:/www.kv.
geo.uu.se/software.html (last accessed 20 January 2002).

Bennett, K.D. and Willis, K.J. 1995: The role of ecological factors in
controlling vegetation dynamics on long temporal scales. Giornale
Botanico Italiano 129, 243-54.

Burjachs, F., Giralt, S., Roca J.R., Seret, G. and Julia, R. 1997:
Palinologia holocénica y desertizacion en el Mediterraneo occidental. In
Ibafiez, J.J., Valero, B.L. and Machado, C., editors, El paisaje mediter-
rdneo a través del espacio y del tiempo. Implicaciones en la desertifica-
cion, Logrofio: Geoforma Editores, 379-94.

Buxé, R. 1997: Arqueologia de las plantas. Barcelona: Critica.
Cabezudo, B. and Pérez-Latorre, A.V. 2001: New data on the thermo-
phile vegetation in the eastern coast of Malaga (Spain). Acta Botanica
Malacitana 26, 229-40.

Camalich, M.D. and Martin, D. 1999: El territorio almeriense desde
los inicios de la produccion hasta fines de la antigiiedad. Un modelo: la
Depresion de Vera y Cuenca del Rio Almanzora. Sevilla: Arqueologia,
Monografias, Junta de Andalucia.

Carrién, J.S. 2001a: Condicionantes de la respuesta vegetal al cambio
climatico. Una perspectiva paleobioldgica. Acta Botdnica Malacitana 26,
241-62.

—— 2001b: Dialectic with climatic interpretations of Late-Quaternary
vegetation history in Mediterranean Spain. Journal of Mediterranean
Ecology 2, 145-56.

—— 2002a: A taphonomic study of modern pollen assemblages from
dung and surface sediments in arid environments of Spain. Review of
Palaeobotany and Palynology 120, 217-32.

—— 2002b: Patterns and processes of Late Quaternary environmental
change in a montane region of southwestern Europe. Quaternary Science
Reviews 21, 2047-66.

Carrién, J.S. and van Geel, B. 1999: Fine-resolution Upper Weichselian
and Holocene palynological record from Navarrés (Valencia, Spain) and
a discussion about factors of Mediterranean forest succession. Review of
Palaeobotany and Palynology 106, 209-36.

Carrién, J.S., Andrade, A., Bennett, K.D., Navarro, C. and Munuera,
M. 2001a: Crossing forest thresholds: inertia and collapse in a Holocene
sequence from south-central Spain. The Holocene 11, 635-53.

Carrién, J.S., Dupré, M., Fumanal, M.P. and Montes, R. 1995: A
palaecoenvironmental study in semi-arid southeastern Spain: the palynolog-
ical and sedimentological sequence at Perneras Cave (Lorca, Murcia).
Journal of Archaeological Science 22, 355-67.

Carrién, J.S., Munuera, M., Dupré, M. and Andrade, A. 2001b: Abrupt
vegetation changes in the Segura mountains of southern Spain throughout
the Holocene. Journal of Ecology 89, 783-97.

Carrién, J.S., Munuera, M., Navarro, C., Burjachs, F., Dupré, M. and
Walker, M.J. 1999: The palacoecological potential of pollen records in
caves: the case of Mediterranean Spain. Quaternary Science Reviews 18,
1061-73.

Carrién, J.S., Navarro, C., Navarro, J. and Munuera, M. 2000: The
distribution of cluster pine (Pinus pinaster) in Spain as derived from

palaeoecological data: relationships with phytosociological classification.
The Holocene 10, 243-52.

Castro, P.V., Chapman, R.W., Surifiach, S., Lull, V., Micé, R.,
Rihuete, C., Risch, R. and Sanahuja, M.E. 1999: Proyecto Gatas. 2. La
dindmica arqueoecologica de la ocupacion prehistorica. Sevilla:
Arqueologia, Monografias, Junta de Andalucia.

Chapman, R.W. 1991: La formacion de las sociedades complejas. EIl
sureste de la peninsula ibérica en el marco del Mediterrdneo occidental.
Barcelona: Critica.

Chuvieco, E. 1999: Remote sensing of large wildfires in the European
Mediterranean Basin. Berlin: Springer-Verlag.

Davis, O.K. and Mariscal, B. 1994: A comparison of archaeological
palynology of Almeria, Spain, and coastal southern California, USA. In
Davis, O.K., editor, Aspects of archaeological palynology: methodoloy
and applications. Association of American Stratigraphic Palynologists
(AASP) Tuscon, Arizona: Contributions Series 29, 75-82.

Garcia Latorre, J. and Garcia Latorre, J. 1996: Los bosques ignorados
de Almeria. Una interpretacion histérica y ecoldgica. In Sanchez-Picon,
A., editor, Historia y medio ambiente en el territorio almeriense, Almeria:
Servicio de Publicaciones, Universidad de Almeria, 99-126.

Gasse, F. 2000: Hydrological changes in the African tropics since the
Last Glacial Maximum. Quaternary Science Reviews 19, 189-211.
Giménez, E. 2000: Bases botdanico-ecoldgicas para la restauracion de la
cubierta vegetal de la Sierra de Gddor (Almeria). PhD thesis, University
of Almeria, Spain.

Gomez-Cruz, M. 1991: Atlas historico-forestal de Andalucia. Siglo XVIII.
Granada: Universidad de Granada.

Grove, A.T. and Rackham, O. 2001: The nature of Mediterranean
Europe. An ecological history. New Haven, CT, and London: Yale Univer-
sity Press.

Hernando, A. 1999: Los primeros agricultores de la Peninsula Ibérica.
Madrid: Arqueologia Prehistérica, Sintesis.

Jalut, G., Esteban, A., Bonnet, L., Gauquelin, T. and Fontugne, M.
2000: Holocene climatic changes in the western Mediterranean, from
south-east France to south-east Spain. Palaeogeography, Palaeo-
climatology, Palaeoecology 160, 255-90.

Lépez, P. 1988: Estudio polinico de seis yacimientos del sureste espafiol.
Trabajos de Prehistoria 45, 335-45.

Lull, V. 1983: La ‘cultura’ de El Argar. Un modelo para el estudio de
las formaciones economico-sociales prehistoricas. Madrid: Akal.
Lundqvist, N. 1972: Nordic Sordariaceae s. lat. Symbolae Botanicae
Uppsalienses 20, 332-35.

MacDonald, G.M., Larsen, C.P.S., Szeicz, J.M. and Moser, K.A. 1991:
The reconstruction of boreal forest fire history from lake sediments: a
comparison of charcoal, pollen, sedimentological, and geochemical indi-
ces. Quaternary Science Reviews 10, 53-71.

Moore, P.D., Webb, J.A. and Collinson, M.E. 1991: Pollen analysis
(second edition). Oxford: Blackwell.

Mota, J. 1990: Estudio fitosociologico de las altas montaiias calcdreas
de Andalucia (provincia corologica bética). PhD thesis, Universidad de
Almeria, Spain.

Mota, J., Cabello, J., Cueto, M., Gémez, F,. Giménez, E. and Peifias,
J. 1997: Datos sobre la vegetacion del sureste de Almeria (Desiertos de
Tabernas, Karst en Yesos de Sorbas y Cabo de Gata). Almeria: Servicio
Publicaciones Universidad de Almeria.

Mota, J., Peiias, J., Castro, H., Cabello, J. and Guirado, J.S. 1996:
Agricultural development vs. biodiversity conservation: the Mediterranean
semiarid vegetation in El Ejido (Almeria, southeastern Spain). Biodiversity
and Conservation 5, 1597-617.

Mota, J., Valle, F. and Cabello, J. 1993: Dolomitic vegetation of South
Spain. Vegetatio 109, 29-45.

Nocete, F. 2001: Tercer milenio antes de nuestra era. Relaciones y con-
tradicciones centro/periferia en el Valle del Guadalquivir. Barcelona:
Bellaterra, Arqueologia.

Nogueras, P., Burjachs, F., Gallart, F. and Puigdefabregas, J. 2000:
Recent gully erosion in the El Cautivo badlands (Tabernas, SE Spain).
Catena 40, 203-15.

Pantale6n-Cano, J., Yll, E.I., Pérez-Obiol, R. and Roure, J.M., 2003:
Palynological evidence for vegetational history in semi-arid areas of the
western Mediterranean (Almeria, Spain). The Holocene 13, 109-19.
Peinado, M., Alcaraz, F. and Martinez-Parras, J.M. 1992: Vegetation
of southeastern Spain. Berlin: J. Cramer.

Riera, S., Esteban, A., and Gémez, A. 1995: El depdsito turboso de la


http://www.kv.geo.uu.se/software.html
http://www.kv.geo.uu.se/software.html
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0034-6667^28^29120L.217[aid=5296705]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0277-3791^28^2921L.2047[aid=5296706]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0034-6667^28^29106L.209[aid=3411013]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0959-6836^28^2911L.635[aid=5296707]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0305-4403^28^2922L.355[aid=3411014]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-0477^28^2989L.783[aid=5296708]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0277-3791^28^2918L.1061[aid=5296709]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0959-6836^28^2910L.243[aid=5296710]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0277-3791^28^2919L.189[aid=2271467]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0031-0182^28^29160L.255[aid=3411019]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0277-3791^28^2910L.53[aid=37388]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0960-3115^28^295L.1597[aid=5296712]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0042-3106^28^29109L.29[aid=5296713]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0341-8162^28^2940L.203[aid=5296714]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0959-6836^28^2913L.109[aid=5296715]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0034-6667^28^29120L.217[aid=5296705]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0277-3791^28^2921L.2047[aid=5296706]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0034-6667^28^29106L.209[aid=3411013]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0277-3791^28^2918L.1061[aid=5296709]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0031-0182^28^29160L.255[aid=3411019]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0960-3115^28^295L.1597[aid=5296712]

José S. Carrién et al.: Vegetation dynamics, fire and grazing in the Sierra de Gador, Spain 849

Cafiada Larga del Cerro del Sotillo (1890 m, Sierra de Baza-Filabres).
Estudio polinico y geomorfologico. Avance preliminar. Actas 3 Reuniao
do Quaternario Ibérico, Coimbra, Universidade de Coimbra, 491-97.
Rodriguez-Ariza, M.O. 1992: Las relaciones hombre-vegetacion en el
sureste de la Peninsula Ibérica durante las edades del Cobre y Bronce a
partir del andlisis antracolégico de siete yacimientos arqueolégicos. Ph.
D. Thesis, Universidad de Granada, Spain.

—— 1995. Una aproximacion a la vegetacion de la Depresion de Vera
durante la Prehistoria Reciente. In Lull, V. (coord.), Informe anual del
Proyecto Aguas: reconstruccion paleoclimdtica y dinamica de la ocupa-
cion humana y del uso de la tierra en la cuenca media del Rio Aguas
(Almeria) en el sudeste de la Peninsula Ibérica, Programa de Investigacién
medioambiental de la CE., Brussels, 93-107.

Sanchez-Gomez, P., Guerra, J., Coy, E., Herndndez, A., Fernindez,
S. and Carrillo, A.F. 1998: Flora de Murcia. Murcia: Diego Marin.
Stuiver, M., Reimer, P.]J., Bard, E., Beck, J.W., Burr, G.S., Hughen,
K.A., Kromer, B., McCormac, G., Plicht, J. and van der Spurk, M.
1998: INTCAL98 radiocarbon age calibration, 24,000-0 cal. BP. Radi-
ocarbon 40, 1041-83.

Swezey, C. 2001: Eolian sediment responses to late Quaternary climate

changes: temporal and spatial patterns in the Sahara. Palaeogeography,
Palaeoclimatology, Palaeoecology 167, 119-55.

Targarona, J. 1997: Climatic and oceanographic evolution of the
Mediterranean Region over the last Glacial-Interglacial transition. A
palynological approach. Utrecht: Laboratory of Palacobotany and Paly-
nology (LPP) Contribution Series no. 7.

Valero, B. and Gonzalez, P. 1999: Records of environmental and climate
change in the Mediterranean region. The lacustrine contribution. First
Workshop of the Southern Europe Working Group. European Lake
Drilling Programme. Zaragoza: Consejo Superior de Investigaciones
Cientificas.

Vizquez, R. and Peinado, M. 1993: Relations between modern pollen
rain and vegetation in the Sierra de Guadarrama (Madrid, Spain). Ecologia
Mediterranea 19, 59-76.

Willis, K.J. 1994: The vegetational history of the Balkans. Quaternary
Science Reviews 13, 769-88.

YIl, E.L, Pantaleon-Cano, J. and Pérez-Obiol, R. 1994: Analisis polinico
de una secuencia holocénica en Roquetas de Mar (Almeria). In Mateu, L.,
Dupré, M., Giiemes, J. and Burgaz, M.E., editors, Trabajos de palinologia
bdsica y aplicada, Valencia: Universidad de Valencia, 189-98.


http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0033-8222^28^2940L.1041[aid=1119162]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0031-0182^28^29167L.119[aid=4927761]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0277-3791^28^2913L.769[aid=2053405]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0033-8222^28^2940L.1041[aid=1119162]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0031-0182^28^29167L.119[aid=4927761]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0277-3791^28^2913L.769[aid=2053405]

