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Abstract

The preferred views of the vegetation history of Mediterranean Spain still rely upon the few pollen sequences that fit into the
north-European climatic stratigraphy. However, these sequences represent only a small fraction of the variation observed in the
pollen-stratigraphical patterns across the region for the period since the last glacial maximum. Here I contend that traditional
deterministic views of vegetation-climate response are not satisfactory to explain the observed patterns. A particular state of the
vegetation may appear determined by its biotic history rather than by the abiotic site properties. The role of fire disturbance in
shaping Mediterranean vegetation has been also underestimated in palacoecological research, and disregarded in floristic-phy-
tosociological and other equilibrial models. In a contingent picture of vegetation dynamics, subtle differences in initial conditions
during full glacial and lateglacial times, would have tended to cascade and affect the outcome of post-glacial events, so that it is
statistically improbable to duplicate the exact sequence of vegetation types for a particular site. Phenomena such as fire distur-
bance, hervibory, catastrophic events, deforestation, and competitive interactions would be contingent while remaining compat-

ible with the determinism of the climate system.

Introduction

Palaeoecologists have searched for general princi-
ples of vegetation responses to past climatic varia-
tion, but the challenge has not been easily met
because there is no steadfast relation between veg-
etation and climate. Two major strands of research
highlight that dynamic equilibrium may be a rea-
sonable approximation for the responses of the
broadest continental-scale vegetation patterns to
orbitally-induced climatic changes (Prentice,
1986), and the difficulty to devise tests to distin-
guish between dispersal processes and climate as
factors limiting range limits in the past (Bennett,
1992; Davis, 1994). The debate is not over whether
climate change influences vegetation dynamics,
but over contending models of vegetation change
for its tempo and mode. Few will deny that climate
is a major influence at the Milankovitch scale
(Bennett, 1990, 1997), but no consensus exists on
whether vegetation dynamics is determined pri-
marily by climatic variation, biotic interactions, or
by random, albeit fortuitous, historical accident.
The growing confidence that, on time scales of
thousands of years, climate is the major determi-
nant of plant distributions, has encouraged the

application of isopoll mapping and transfer func-
tions to pollen data sets to reveal regional variation
in late Quaternary climates (Guiot ef al., 1993;
Cheddadi er al., 1998; Prentice & Webb, 1998). In
principle, similar attempts for the Mediterranean
region of Spain (Fig. 1) cannot be equally success-
ful, because the geographic coverage of suitable
sites for pollen analysis is sparse, most records are
fragmentary, and chronological control is insuffi-
cient. However, the situation with this region is
further problematical because while a basic outline
of Late-Quaternary vegetation developments in
the Eurosiberian region of Spain is becoming
available (Allen et al., 1996; Ramil-Rego et al.,
1998), the picture depicted by the network of
pollen diagrams from the Mediterranean region of
Spain is more and more puzzling as we gain infor-
mation (Martinez-Atienza, 1999; Carrién et al.,
2000a). It is questionable whether the development
of pollen data sets will be able to provide similar
insights into environmental change across
Mediterranean Iberia. Glacial and periglacial
processes provoked particular situations with
northern European vegetation (Birks, 1986), and
concepts developed from research in these regions
may not be directly applicable in southern latitudes,
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Fig. 1. Location of the main pollen sequences referred in this paper, and geographic coverage of Mediterranean and Eurosiberian
regions in the Iberian Peninsula. Shaded areas correspond to the main mountain systems.

where floras might have remained relatively sta-
tionary, and where biotic interactions among exist-
ing populations may be of exceptional importance
(Bennett & Willis, 1995). Here, I will address this
issue for the period since the last glacial maximum,
18,000 yr BP to present. Rather than giving an
over-view of the available pollen sequences, my
intention is to take a critical look at what general-
izations are possible and why it is not feasible to
make many.

Components of a climaticist paradigm

The interpretation of pollen-stratigraphical changes
in the Spanish literature on Quaternary palaeoe-
cology results from a peculiar conjunction of influ-
ences. First, the north European conceptual frame-
work weights at the chronostratigraphical level of
discussion. Palynological stages are usually scruti-
nized in search of correlation with northern-lati-
tude chrono- and biozones (Ruiz-Zapata et al,

1997; Lopez-Saez & Lopez-Garcia, 1999). Special
emphasis has been placed on the Spanish counter-
parts of last-glacial interestadials (Dupré, 1988;
Carrion, 1992; Burjachs & Julia, 1994). A second
influence derives from scholastic tradition, which
has remained strong in botany. In particular, studies
based on the floristic-phytosociological approach
have been a central feature of Spanish vegetation
science for most of this century and a large body of
information has accumulated (Peinado & Rivas-
Martinez, 1987; Rivas-Martinez, 1990). Vegetation
patterns are explained in terms of their relation-
ships with site variables, in particular climate and
soils. Accordingly, fluctuations of vegetation since
the last glacial maximum are expected to owe to
direct influence of climate, at least until the incep-
tion of cultural landscapes during the last millennia
(Barbero et al., 1990).

Under the scope of a climaticist paradigm, it is
not surprising that our preferred views of the veg-
etation history of Mediterranean Spain rely upon
the few pollen sequences that fit into the north-



European climatic stratigraphy, principally Padul
(Pons & Reille, 1988), Banyoles (Pérez-Obiol &
Julia, 1994), and, to a lesser extent, Quintanar de la
Sierra (Pefialba, 1994; Peiialba er al., 1997) (Fig.
1). These sequences set out the “coherent story of
positive outcomes” (Fig. 2), that deserve being
included in the databases for quantitative estimates
of climatic variation (e.g. Peyron et al., 1998).

It is generally accepted that, on a global scale,
about 18,000 years ago, temperatures and precipita-
tions reached their minimum values, and north
European landscapes were dominated by treeless
tundra and prairie-steppe (Kutzbach et al, 1998).
Forest vegetation refuged in southern Europe
(Bennett ef al., 1991) and particular regions of cen-
tral Europe (Willis e al., 2000). The arrival of the
Lateglacial period (c. 14,000-10,000 yr BP) involved
spread of first Pinus, Juniperus, and Betula, and
then Quercus from southern European localities.
The Younger Dryas cold spell interrupted this trend
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for several centuries between 11,000 and 10,000 yr
BP. The onset of the Holocene implied range expan-
sions of mesothermophytes (Corylus, Alnus,
Fraxinus, Ulmus, Acer, Abies, Fagus, Quercus). By
about 6000 years ago the ice caps would have
reached their present limits, and most European
forests their maximum extension. According to this
picture, pollen diagrams from Mediterranean Spain
are expected to show most of the following charac-
teristics: (i) presence of mesothermophilous taxa
during full glacial stages, (ii) oak pollen increases
since lateglacial period, with the earliest occurrences
in southernmost regions, (ii) evidence for the
Younger Dryas cold spell in the form of expansion of
xerophytes, (iii) mesophyte maxima during the first
Holocene millennia. Divergences from this basic
pattern will tend to be considered as result of site
constraints or regional climate heterogeneity (e.g.
Ramil-Rego ez al., 1998).
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Fig. 2. The conventional wisdom envisages millennial-scale pollen-stratigraphical changes as determined by climatic changes,
with temporal lags not spanning beyond the centurial scale and largely caused by differences in migrational rates. This prevail-
ing view is principally supported by vegetational developments inferred from the pollen sequences of Padul (Pons & Reille,
1988), Banyoles (Pérez-Obiol & Julia, 1994), and Quintanar de la Sierra (Pefialba, 1994).
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The importance of unexpected sequences

The sequences mentioned above provide insight
into only a minute fraction of the huge variation
observed in vegetation patterns of the Mediterra-
nean region of Iberia (Dupré, 1988; Y1l & Pérez-
Obiol, 1992; Riera, 1993; Carrion et al, 1995a;
Franco et al., 1997; van der Knaap & van Leeuwen,
1997; Y1l et al., 1997; Dupré et al., 1998; Dorado
et al, 1999; Sanchez-Goiii & Hannon, 1999;
Pantaleén-Cano et al., 1999; Carrién ef al., 1999a,
2000a; Valero-Garcés e al., 2000). By discussing
three pollen sequences that show “unexpected tra-
jectories”, I will contend the viewpoint that climate
is just a piece in the puzzling system of mecha-
nisms exerting control on vegetation change in the
region, even at the millennial scale.

The pollen record of Navarrés (39° 06'N, 0°
41°W, 225 m asl) shows vegetation developments in
the southern valleys of the Iberian System from c.
30,900 to 3160 yr BP (Fig. 3) (Carrién & Dupré,
1997; Carrién & van Geel, 1999). Pine forests dom-
inated the glacial landscape, and there is evidence
for a full glacial expansion of Pinus pinaster,
Quercus faginea, Quercus rotundifolia, and Erica
arborea at about 30,210-27,890 yr BP. A slight
decline in Pinus parallels the last expansion of
Artemisia and Ephedra nebrodensis at about 10,340
yr BP. Pine forests resisted invasion until c. 5900 yr
BP, even though oaks and other temperate trees
occurred in the region from several thousands
before (Badal et al, 1994; Gonzalez-Sampériz,
1998). At first, two major influences may have
shaped these patterns: a prevailing dry climate dur-
ing the first half of the Holocene, and the interven-
tion of mechanisms of forest inertia. Both influ-
ences are not mutually exclusive, but they can be
explanatory in their own right. The variation of
macro- and microcharcoal throughout the core
demonstrates that pine forests were only replaced by
evergreen-oak scrub after local fire disturbance
(Carrién et al., 1999b; Carrién et al., 2000b). The
increases of anthropogenic indicators such as
Plantago occur after a this major shift in the relative
abundances of Pinus and Quercus (Fig. 3). In sum,
the sequence is explicable by (i) millennial-scale
inertia of the established full-glacial pine forests,
(i) threshold response of local forests to increased
fire frequency and virulence, (iii) competitively-
mediated invasion of pine forests by oak scrub after
disturbance and establishment of a new ecological
structure. Interestingly, slight climatic changes

within the pleniglacial provoked a more sensitive
vegetation response than major climate fluctuations
inherent to the establishment of the present inter-
glacial.

The pollen sequence of Villaverde (38° 48'N, 2°
22’ W, 870 m asl) can be used to establish the veg-
etation history of the plains at the north of the
Segura Mountains of south-central Spain from c.
8390 to 1230 yr BP (Fig. 4) (Carrién et al., in
press). The area represents boundary conditions for
semi-arid, plateau and mountain vegetation. Pinus
is dominant from c. 8400 to 5140 yr BP, although
there is moderate invasion of the catchment area by
deciduous Quercus, and other mesothermophilous
taxa such as Fraxinus, Betula, and Pistacia ever
since 6670 yr BP. This invasion could be in part
shaped by competitive adjustments after arrival of
these taxa to the study area, probably under
increased moisture availability. The positive corre-
lation between microcharcoal, Pinus, xerophytes
(Artemisia, Ephedra, Chenopodiaceae, Lamiaceae),
and Juniperus suggests a relationship between fire
disturbance, vegetation and climate for the whole
sequence (Carrion et al., in press). It is, however,
noticeable that pines remained dominant for more
than a millennium even though climate had
become more humid, and there was a rich pool of
available potential free colonists. The ulterior
abrupt shift towards deciduous Quercus domi-
nance, estimated to occur within c.10-33 years,
could be a threshold response ultimately mediated
by climate. Deciduous oaks, being shade tolerant
species, might have invaded closed stands of pines
quite rapidly.

A change towards dominance by evergreen
Quercus communities is observed in Villaverde
within the mid Holocene over a period of 300-400
years. This change can be viewed as the conse-
quence of competitive interactions following a trend
of increased aridity, which would have been criti-
cally manifested in the pollen record at c. 3240,
2650, 2260, and 1680 yr BP. This climatic trend can
be inferred from declines of mesophilous vegetation
and expansions of xerophytes, Juniperus and Pinus,
as well as from forest depletions and/or expansions
of Artemisia in other pollen sequences of Spain
(Riera, 1993; Burjachs et al., 1997; Y1l et al., 1997;
Pantale6n-Cano, 1997). The arid tendency from mid
to late Holocene is also supported by palaeoanthra-
cological information relative to wood anatomy
(Terral and Arnold-Simard, 1996), geomorpho-
logical evidence of badlands (Wise et al.,
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Fig. 3. Navarrés pollen sequence (redrawn from Carrién & van Geel, 1999). Established full-glacial pine forests resist competi-
tion by oaks despite the lateglacial and postglacial climate ameliorations. Mid-Holocene invasion by oaks is coherent with thresh-
old response of local forests to increased fire virulence. Ages are quoted in uncalibrated radiocarbon years BP.

1982), and important changes in the hydrological
regimes of north African lakes (Gasse, 2000).
However, while independent evidence sets out the
most pronounced aridity crises at around 4500 yr
BP and 3500 yr BP, the last spread of Pinus which
brought about a permanent modification of the
ecosystem, does not occur until c. 1680 yr BP. The
fact that pine peaks since c. 3240 yr BP to ¢. 1680
yr BP are preceded by charcoal increases, envisage
a fire disturbance-mediated invasion of mixed and
evergreen oaks forests by Pinus, which agrees with
simulation experiments predicting changes in the
relative abundance of Q. rotundifolia and P
halepensis with changes in the fire recurrence
(Pausas, 1999).

Climate may have exerted long-term control of
the species pool in Villaverde. However, initiating
factors and the inertia of established tree popula-
tions, as well as migrational processes intercon-
nected with competition adjustments, have been
responsible for important time lags in the response
of local vegetation to climate amelioration from
early to mid Holocene (Fig. 4). Fire disturbance
would have been a major factor shaping interspe-
cific relationships and vegetation change from c.
4500 yr BP onwards. It has been demonstrated by
numerical analyses that there are no two identical
phases throughout the sequence (Carrion ef al,, in
press): the sequence begins with pollen spectra
dominated by Pinus, then moves through a
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Fig. 5. San Rafael pollen sequence (redrawn from Pantaleén-Cano, 1997). Temperate trees and Mediterranean scrub persisted in
the southeastern littoral during full glacial times. There is no evidence of Younger Dryas xerophytization. This sequence shows
out-of-phase relationships in trends of mesophytic and xerophytic developments with respect to other European, Mediterranean,
and southeastern Spanish pollen records. Ages are quoted in uncalibrated radiocarbon years BP.

San Rafael is just one of the many pollen records
of Mediterranean Iberia that show out-of-phase
relationships in trends of mesophytic and xero-
phytic developments. In fact, within the semi-arid
southeastern province (Fig. 1), the patterns and

timing of vegetation stages differ notably in
San Rafael, Antas, Roquetas de Mar (Pantaledn-
Cano, 1997), Elx, Salines (Burjachs et al,, 1997),
Algarrobo (Carrion et al.,, 1995b), Villena (Y1l er
al., unpublished), and the Alboran offshore pollen
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sequences (Targarona, 1997). Physiographic het
erogeneity could explain the occurrence of differ-
ent palaeo-vegetation types and moderate time
lags, but provided a primary climatic control, there
should be certain overlap in the timing as well as in
the palaeoclimatic significance of major events.
Plausibly, post-glacial developments of vegetation
were influenced by the composition and structure
of lateglacial plant communities. This hypothesis
may explain the early-Holocene prevailence of pine
forests in areas where pines featured lateglacial
landscapes, which include not only high- and mid-
altitude mountain zones (Andrade, 1994; Ruiz-
Zapata et al., 1997; Garcia-Antén ef al., 1997
Franco et al, 1998; Carrion & van Geel, 1999;
Sanchez-Goili & Hannon, 1999; Stevenson, 2000),
but also coastal territories and interior platforms
(Dupré, 1988; Garcia-Anton ef al., 1995; Carrién
et al., 2000a). The influence of historical factors is
also noticeable in the early-Holocene developments
of oak forests in the southernmost Betics (Pons &
Reille, 1988), southwestern lowlands and western
peninsular mountains (Hooghiemstra ef al., 1992;
Carrion et al, 2000c; van der Knaap & van
Leeuwen, 1997; Stevenson et al, 1999), north-
eastern coast and pre-Pyrenees region (Riera, 1993;
Burjachs, 1994; Pérez-Obiol & Julia, 1994), and
maritime Atlantic coasts of Spain and Portugal
(Ramil-Rego ef al., 1998). Due to the complex dis-
tribution and composition of forests during the last
glaciation (Bennett et al., 1991; Pefialba, 1994), it
cannot be expected a simple postglacial picture of
vegetation developments. It is worth questioning
whether problems with correlation of pollen
records from southern and central Italy (see Magri
& Sadori 1999, for discussion) are not at least in
part the consequence of similar processes.

Implications for current vegetation models

Pre-settlement vegetation in the sequences of
Navarrés (Fig. 3), Villaverde (Fig. 4), San Rafael
(Fig. 5), and a number of other sites (Garcia-Antén
et al.,, 1997; Franco et al., 1998), differ from site-
specific potential natural vegetation established by
floristic-phytosociological models (Peinado &
Rivas-Martinez, 1987; Peinado et al., 1992). There
has been a great deal of uncertainty caused by the
circularity of environment-vegetation correlation
inherent in this approach. Concepts such as the
potential natural vegetation are little crucial in the

light of palaeoecological information of Iberia
because current vegetation cannot be conceived
out of the reach of human interference. Yet, studies
with pollen data sets verify that individual taxa
often migrate and change in abundance indepen-
dently of one another, so that vegetation assem-
blages appear and disappear (Davis, 1994; Webb,
1987). This lack of integrity of plant communities
questions the paradigm that vegetation is in bal-
ance with prevailing climatic conditions at any
point in time. An important consequence that
emerges for plant ecologists is that there is little
reason to believe that any kind of stability has been
achieved with the present vegetation pattern.
Equilibrial models have failed to take into account
the role of fire, herbivory, and other disturbances
in determining vegetation structure, composition
and distribution.

Remarks about the anthropogenic argument

As opposed to climate, human disturbance has
been suggested as a major control of vegetation
change in Spain and other Mediterranean areas
during the last 4500 years or more (Barbero et al.,
1990; Reille & Pons, 1992; Stevenson & Harrison,
1992), but pollen evidence for these activities,
macrocharcoal and independent archaeological
remains, is not uniform within the region.
Anthropogenic pollen indicators in Navarrés occur
since Neolithic installation at c. 5500 yr BP (Fig.
3), while they are absent from the pollen record of
Villaverde prior to c¢. 2000 BP (Fig. 4). Pollen
sequences in mountain regions of the interior such
as Cafiada de la Cruz fail to provide pollen evi-
dence of human activities until the last centuries
(Carrion, unpublished). Wildwood of Iberian inte-
rior areas would have retreated considerably later
(Dorado et al., 1999; Carrion et al., in press) than
in Levant and Andalusia (Dupré & Renault-
Miskovsky, 1990; Badal et al., 1994; Bernabeu et
al., 1993). This conforms with the view that settle-
ment was uneven and still sparse in wide territories
of central Spain during the Bronze Age, while pre-
historic hunting communities of the Iberian
periphery had adopted a more sedentary pattern of
resource ever since the Neolithic (Butzer, 19898).
It is clear that the intensity and timing of human
impact on vegetation varied from one part of
Mediterranean Spain to another. In consequence,
the interpretation of pollen-stratigraphical changes



as result of local human disturbance may be spec-
ulative if due account is not taken of the spatial
scale of the impact.

Towards a contingent palaeoecology

It has been ruled among Quaternary palaeoecolo-
gists that we should first establish the facts of veg-
etation history by elaboration of a network of
regional pollen diagrams, and then, at some future
time when the bulk of accumulated information
becomes sufficiently dense, move to theories and
explanations. Too busy with the details of pollen
stratigraphies, we have certainly had a peculiar
interest in emphasizing facts over theories.
Generally too, we have emphasized changes over
states, and trends and correlations over peculiari-
ties and out-of-phase relationships. Moreover,
pollen-stratigraphical changes are principally
viewed as intrinsic, gradual and determined by the
physical properties of the system. It is nevertheless
worth stressing that (i) the vast majority of pollen
sequences in Mediterranean Spain appear not to
show persistent trends through time or correlation
with major events of global scale, (ii) polien
changes may be episodic and abrupt, that is to
occur on the time scales of decades to centuries,
(iii) pollen records may show millennial-scale
complacency to continental-scale climate change,
(iv) a particular state of the vegetation may appear
determined by its biotic history rather than by the
abiotic site properties, (v) the role of fire distur-
bance in shaping Mediterranean vegetation has
been underestimated in palaeoecological research,
and (vi) deterministic and statistical explanations
are often not satisfactory to explain the patterns
observed.

Ritchie (1986) anticipated that the subject of
vegetation-climate responses in palaeoecology
would not produce any unifying principles,
because this subject is made up of multiple rela-
tionships controlled by multiple causes operating
at varying scales of time and space. In the same
line of reasoning, Bennett & Willis (1995) postu-
lated that internal processes of forest dynamics,
including competition among existing species, and
interactions between existing species and potential
invading species, have been the dominant influ-
ence on the pattern of change of forested systems
during the Holocene. Even at the orbital frequen-
cies of precession and obliquity, there has been
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recently demonstrated that internally driven non-
linear responses of the climate system may be at
least as important as external forcing in driving
terrestrial vegetation responses (Willis ef al,
1999). The topic appears more and more compli-
cated over the last few years, perhaps because veg-
etation and climate are basically complex systems
where contingency is an important feature, simply
like at any level of the biological history.

It is thus worth questioning whether there are not
different ways of explaining the patterns we
observe in the pollen records. In particular, in addi-
tion to considering the deterministic features of the
palaeo-ecosystem we might try to assess the unpre-
dictable and possibly chaotic aspects of its behav-
iour. We can therefore consider full glacial and
lateglacial as initial states from which vegetation
developed into post-glacial types. Subtle differ-
ences in starting conditions would have tended to
cascade and affect the outcome of post-glacial
events, so that it is statistically improbable to dupli-
cate the exact sequence of vegetation types.

In this context, the nature and frequency of veg-
etation change cannot be ruled. For change would
occur every time that a particular stress impacted
the vegetation beyond its capacity to absorb with-
out substantial modification. Vegetation changes
could be frequent and inherent to a particular sys-
tem, as could they appear concentrated in rare
events in other situations. This scenario is still not
contradictory with the fact that vegetation stages
may reiterate through time because, even consider-
ing future events to be contingent on past events,
vegetation cannot avoid the consequences of phys-
ical processes and laws. Phenomena such as fire
disturbance, herbivory, pathogens, catastrophic
events, deforestation, arrival of new competitors,
etc,... would be contingent while remaining com-
patible with the determinism of the climate sys-
tem. The conclusion that emerges is that vegeta-
tion change involves dialectic, a tension between
random and non-random forces.

Acknowledgements

This research was funded by the Spanish Ministerio
de Educacion y Ciencia through the project ARDA-
CHO (Ref. BOS2000-9149). M. Munuera and C.
Navarro helped with computer work. José Pantale6n
gave permission for the edition of the San Rafael
pollen diagram.



154

References

Allen, JR.M,, Huntley, B. & Watts, W.A. 1996. The vegeta-
tion and climate of northwest Iberia over the last 14,000
yr. Journal of Quaternary Science 11: 125-147.

Andrade, A. 1994. Dindmica de la vegetacion durante los
ultimos 3000 afios en las Sierras de la Paramera, Serrota
y Villafranca (Avila) a partir del analisis polinico. Ph.D.
thesis. Universidad de Alcala.

Badal, E., Bernabeu, J. & Vernet, JL. 1994. Vegetation
changes and human action from the Neolithic to the
Bronze Age (7060-4000 B.P) in Alicante, Spain, based
on charcoal analysis. Vegetation History and
Archaeobotany 3: 155-166.

Barbero, M., Bonin, G., Loisel, R. & Quézel, P. 1990.
Changes and disturbances of forest ecosystems caused
by human activities in the western part of the mediter-
ranean basin. Vegetatio 87: 151-173.

Bennett, K.D. 1990. Milankovitch cycles and their effects on
species in ecological and evolutionary time.
Paleobiology 16: 11-21.

Bennett, K.D. 1992. Holocene history of forest trees on the
Bruce peninsula, southern Ontario. Canadian Journal of
Botany 70: 6-18.

Bennett, K.D. & Willis, K. J. 1995. The role of ecological
factors in controlling vegetation dynamics on long tem-
poral scales. Giornale Botanico Italiano 129: 243-254,

Bennett, K.D., Tzedakis, P.C. & Willis, K.J. 1991.
Quaternary refugia of north European trees. Journal of
Biogeography 18 103-15.

Birks, H.J.B. 1986. Late Quaternary biotic changes in ter-
restrial and lacustrine environments, with particular ref-
erence to north-west Europe. pp. 3-65. In: Berglund,
B.E. (ed), Handbook of Holocene palacoecology and
palaeohydrology, Wiley, Chichester.

Burjachs, F. 1994. Palynology of the Upper Pleistocene and
Holocene of the north-east Iberian Peninsula: Pla de
I’Estany (Catalonia). Historical Biology 9: 17-33.

Burjachs, F. & Julia, R. 1994. Abrupt climatic changes dur-
ing the last glaciation based on pollen analysis of the
Abric Romani, Catalonia, Spain. Quaternary Rescarch
42: 308-315.

Burjachs, F, Giralt, S., Roca, J.R., Seret, G. & Julia, R.
1997. Palinologia holocénica y desertizacion en el
Mediterraneo occidental. pp. 379-394. In Ibafiez, J.J.,
Valero, B.L. & Machado, C. (eds), El paisaje mediterra-
neo a través del espacio y del tiempo. Implicaciones en
la desertificacion. Geoforma Editores, Logroiio.

Butzer, K.W. 1988. Cattle and sheep from old to new Spain:
historical antecedents. Annals of the Association of
American Geographers 78: 29-56.

Carrion, J.S. 1992. Late Quaternary pollen sequence from
Carihuela Cave, southeastern Spain. Review of
Palacobotany and Palynology 71: 37-77.

Carrion, 1.S., Andrade, A., Bennett, K.D., Munuera, M. &
Navarro, C. (in press). Crossing forest thresholds: iner-
tia and collapse in a Holocene pollen sequence from
south-central Spain. The Holocene, spec. vol.,
Environmental history of Mediterranean-type ecosys-
tems, (N. Roberts, ed.).

Carrion, J.S. & Dupré, M. 1997. Late Quaternary vegeta-
tional history at Navarrés, eastern Spain. A two-core
approach. New Phytologist 134: 177-191.

Carrién, J.S., Dupré, M., Fumanal, M.P. & Montes, R.

e

1995a. A palaecoenvironmental study in semi-arid south-
eastern Spain: the palynological and sedimentological
sequence at Perneras Cave (Lorca, Murcia). Journal of
Archaeological Science 22: 355-367.

Carrién, J.S., Munuera, M. & Dupré, M. 1995b. Estudios de
palinologia arqueoldgica en el sureste ibérico semiarido.
Cuaternario y Geomorfologia 9: 17-31.

Carrién, J.S., Munuera, M., Navarro, C., Burjachs, F,, Dupré,
M. & Walker, M.J. 1999a. The palaecoecological poten-
tial of pollen records in caves: the case of Mediterranean
Spain. Quaternary Science Reviews 18: 1061-1073.

Carrién, J.S., Munuera, M., Navarro, C. & Séez, F. 2000a.
Paleoclimas e historia de la vegetacién cuaternaria en
Espaiia a través del anilisis polinico. Viejas falacias y
nuevos paradigmas. Complutum 11, 115-142.

Carrion, J.S., Navarro, C., Navarro, J. & Munuera, M. 2600b.
The distribution of cluster pine (Pinus pinaster) in Spain
as derived from palacoccological data: relationships with
phytosociological classification. The Holocene 10: 243-
252,

Carridn, J.S., Parra, 1., Navarro, C. & Munuera, M. 2000c.
Past distribution and ecology of the cork oak (Quercus
suber) in the Iberian Peninsula: a pollen-analytical
approach. Diversity and Distributions 6: 29-44.

Carrion, J.S. & van Geel, B. 1999. Fine-resolution Upper
Weichselian and Holocene palynological record from
Navarrés (Valencia, Spain) and a discussion about fac-
tors of Mediterranean forest succession. Review of
Palaeobotany and Palynology 106: 209-236.

Carrién, J.S., van Geel, B.,, Munuera, M. & Navarro, C.
1999b. Palaeoecological evidence of pollen sequence in
eastern Spain challenges existing concepts of vegetation
change. South African Journal of Science 95: 44-46.

Cheddadi, R., Lamb, H.F, Guiot, J., van der Kaars, S. 1998.
Holocene climatic change in Morocco: a quantitative
reconstruction from pollen data. Climate Dynamics 14:
883-890.

Davis, M.B. 1994. Ecology and palacoecology begin to
merge. Trends in Ecology and Evolution 9: 357-358.
Dorado, M., Valdeolmillos, A., Ruiz, M.B., Gil, M.J. &
Bustamante, I. 1999. Evolucién climatica durante el
Holoceno en la Cuenca Alta del Guadiana (Submeseta

Sur Ibérica). Cuaternario y Geomorfologia 13: 19-32.

Dupré, M. 1988. Palinologia y paleoambiente. Nuevos datos
espaiioles. Referencias. Servicio de Investigacién
Prehistorica. Serie de Trabajos Varios, No. 84, Valencia.

Dupré, M.; Carrion, J.S.; Fumanal, M.P, La Roca, N,
Martinez-Gallego, J. & Usera, J. 1998. Evolution and
palacoenvironmental conditions of an interfan area in
eastern Spain. Italian Journal of Quaternary Sciences
11: 95-105.

Dupré, M. & Renault-Miskovsky, J. 1990. El hombre y su
impacto en las zonas bajas mediterrdneas. Datos pali-
noldgicos de sedimentos arqueolégicos holocenos.
Archivo de Prehistoria Levantina 20: 133-141.

Franco, F.,, Garcia-Antén, M. & Sainz-Ollero, H. 1998.
Vegetation dynamics and human impact in the Sierra de
Guadarrama, Central System, Spain. The Holocene 8:
69-82.

Garcia-Antén, M., Franco, F, Maldonado, J., Morla, C. &
Sainz-Ollero, H. 1995. Una secuencia polinica en
Quintana Redonda (Soria). Evolucion holocena del tapiz
vegetal en el Sistema Ibérico septentrional. Anales del
Jardin Botanico de Madrid 52: 187-195.



Garcia-Anton, M., Franco, F,, Maldonado, J. & Morla, C.
1997. New data concerning the evolution of the vegeta-
tion in Lillo pinewood (Leén, Spain). Journal of
Biogeography 24: 929-934.

Gasse, F. 2000. Hydrological changes in the African tropics
since the Last Glacial Maximum. Quaternary Science
Reviews 19: 189-211.

Gonzalez-Sampériz, P 1998. Estudio palinolégico de la
cueva de En Pardo (Planes, Alicante). Primeros resulta-
dos. Cuaternario y Geomorfologia 12: 45-62.

Guiot, J., Harrison, S.P. & Prentice, 1.C. 1993.
Reconstruction of Holocene precipitation patterns in
Europe using pollen and lake-level data. Quaternary
Research 40: 139-149.

Hooghiemstra, H., Stalling, H., Agwu, C.0.C. & Dupont,
L.M. 1992, Vegetational and climatic changes at the
northern fringe of the Sahara 250,000-5000 years BP:
evidence from 4 marine pollen records located between
Portugal and the Canary Islands. Review of
Palaeobotany and Palynology 74: 1-53.

Kutzbach, J., Gallimore, R., Harrison, S., Behling, B., Selin,
R., Laarif, F. 1998. Climate and biome simulations for
the past 21,000 years. Quaternary Science Reviews 17:
473-506.

Lopez-Saez, J.A. & Lopez-Garcia, P 1999. Rasgos pale-
oambientales de la transicion Tardiglaciar-Holoceno
(16-7.5 ka BP) en el Mediterraneo Ibérico, de Levante a
Andalucia. Geoarqueologia i Quaternari litoral, vol.
Spec.: 139-152.

Magri, D. & Sadori, L. 1999. Late Pleistocene and Holocene
pollen stratigraphy at Lago di Vico, central Italy.
Vegetation History and Archacobotany 8: 247-260.

Martinez-Atienza, F. 1999. Bibliografia (1945-1998) pale-
opolinica del Holoceno Ibérico. Boletin de la Real
Sociedad Espafiola de Historia Natural (Seccion
Bioldgicas) 95: 5-30.

Pantaleén-Cano, J. 1997. Estudi palinologic de sediments
litorals de la provincia d’Almeria. Transformacions del
paisatge vegetal dins un territori semidrid. PhD thesis,
Universidad Auténoma de Barcelona.

Pantaleén-Cano, J., Y1, E. & Roure, JM. 1999. Evolucién
del paisaje vegetal en el sudeste de la Peninsula Ibérica
durante el Holoceno a partir del anilisis polinico.
Saguntum 2: 17-23.

Pausas, . 1999. Response of plant functional types to changes
in the fire regime in Mediterranean ecosystems: a simula-
tion approach. Journal of Vegetation Science 10: 717-22.

Peinado, M., Alcaraz, F. & Martinez-Parras, JM. 1992.
Vegetation of southeastern Spain. J. Cramer, Betlin.

Peinado, M. & Rivas-Martinez, S. 1987. La vegetacion de
Espaiia. Servicio de Publicaciones de la Universidad de
Alcala. Alcala de Henares.

Pefialba, M.C. 1994. The history of the Holocene vegetation
in northern Spain from pollen analysis. Journal of
Ecology 82: 815-832.

Peiialba, M.C., Arnold, M., Guiot, J., Duplessy, J.C. & de
Beaulieu, J.L. 1997. Termination of the last glaciation in
the Iberian Peninsula inferred from the pollen sequence
of Quintanar de la Sierra. Quaternary Research 48: 205-
214.

Pérez-Obiol, R. & Julia, R. 1994. Climatic change on the
Iberian Peninsula recorded in a 30,000-yr pollen record
from lake Banyoles. Quaternary Research 41: 91-98.

155

Peyron, O., Guiot, J., Cheddadi, R., Tarasov, P., Reille, M., de
Beaulieu, J.-L., Bottema, S. & Andrieu, V. 1998.
Climatic reconstruction in Europe for 18,000 yr B.P.
from pollen data. Quaternary Research 49: 183-196.

Pons, A. & Reille, M. 1988. The Holocene and upper
Pleistocene pollen record from Padul (Granada, Spain).
A new study. Palaeogeography, Palacoclimatology,
Palaeoecology 35: 145-214.

Prentice, 1.C. 1986. Vegetation responses to past climatic
variation. Vegetatio 67: 131-141.

Prentice, 1.C. & Webb III, T. 1998. BIOME 6000: recon-
structing global mid-Holocene vegetation patterns from
palaeoecological records. Journal of Biogeography 25:
997-1005.

Ramil-Rego, P., Mufioz-Sobrino, C., Rodriguez-Guitian, M.
& Goémez-Orellana, L. 1998. Differences in the vegeta-
tion of the North Iberian Peninsula during the last
16,000 years. Plant Ecology 138: 41-62.

Reille, M., Andrieu, V. & de Beaulicu, J.-L. 1996. Les grands
traits de Ihistoire de la végétation des montagnes
méditerranéennes occidentales. Ecologie 27: 153-169.

Reille, M. & Pons, A. 1992. The ecological significance of
sclerophyllous oak forests in the western part of the
Mediterranean basin: a note on pollen analytical data.
Vegetatio 99-100: 13-17.

Riera, S. 1993. Changements de la composition forestiere
dans la plaine de Barcelone pendant I’'Holocene (littoral
mediterranéen de la Peninsule Iberique). Palynosciences
2: 133-146.

Ritchie, J.C. 1986. Climate change and vegetation response.
Vegetatio 67: 65-74.

Rivas-Martinez, S. 1990. Bioclimatic belts of west Europe
(relations between bioclimate and plant ecosystems).
Folia Botanica Matritensis 7: 1-22.

Ruiz-Zapata, B., Gil, M.J,, Dorado, M., Andrade, A., Martin,
T. & Valdeolmillos, A. 1997. Vegetacion y paleoambi-
entes en el Sistema Central espafiol. Pp. 248-260. In:
Rodriguez-Vidal, J. (ed.), Cuaternario Ibérico,
A.EQ.U.A,, Huelva.

Sanchez-Goiii, M.F. & Hannon, G.E. 1999. High-altitude
vegetational pattern on the Iberian Mountain Chain
(north-central Spain) during the Holocene. The
Holocene 9: 39-57.

Stevenson, A.C. 2000. The Holocene forest history of the
Montes Universales, Teruel, Spain. The Holocene (in
press).

Stevenson, A.C. & Harrison, R.J.1992. Ancient forests in
Spain: a model for land-use and dry forest management
in south-west Spain from 4000 BC to 1900 AD.
Proccedings of the Prehistoric Society 58: 227-247.

Stevenson, A.C., Davis, EM., Davis, B.A.S., Reed, JM. &
Leng, M.J. 1999. A multi-proxy Holocene climate recon-
struction of lowland Mediterranean southern Spain. p.
40-44. In: Valero-Garcés, B. & Gonzalez, P. (eds.),
Records of environmental and climate change in the
Mediterranean Region. The lacustrine contribution.
Instituto Pirenaico de Ecologia, Zaragoza.

Targarona, J. 1997. Climatic and oceanographic evolution of
the Mediterranean Region over the last Glacial-
Interglacial transition. A palynological approach. LPP
Contribution Series, No.7, Utrecht.

Terral, J.F. & Arnold-Simard, G. 1996. Beginnings of olive
cultivation in eastern Spain in relation to Holocene bio-
climatic changes. Quaternary Research 46: 176-185.



156

Valero-Garcés, B., Gonzalez-Sampériz, P, Delgado-Huertas,
A, Navas, A., Machin, J. & Kelts, K. 2000. Lateglacial
and Late Holocene environmental and vegetational
change in Salada Mediana, central Ebro Basin, Spain.
Quaternary International 73/74: 29-46(in press).

Van der Knaap, W.O. & van Leeuwen, JEN. 1997. Holocene
vegetation sucession and degradation as responses to cli-
matic change and human activity in the Serra de Estrela,
Portugal. Review of Palacobotany and Palynology 89:
153-211.

Webb, T., Il 1987. The appearance and disappearance of
major vegetational assemblages: long-term vegetational
dynamics in eastern North America. Vegetatio 69: 177-
187.

Willis, K.J, Kleczkowski, A. & Crowhurst, S.J. 1999.
124,000-year periodicity in terrestrial vegetation change
during the late Pliocene epoch. Nature 397: 685-688.

L

Willis, K.J., Rudner, E. & Siimegi, P. 2000. The full-glacial
forests of central and southeastern Europe. Quaternary
Research 53: 203-213.

Wise, S.M., Thornes, J.B. & Gilman, A. 1982. How old are
the badlands? A case-study from south-east Spain. p.
259-278. In: Bryan, R. & Yair, A. (eds), Badland geo-
morphology and piping. Geobooks, Norwich.

YII, E.I & Pérez-Obiol, R. 1992. Instalacién de los bosques
deducida a partir del anélisis polinico de un sondeo
marino del Delta del Ebro (Tarragona, Espafia). Orsis 7:
21-30.

YII, E.I, Pérez-Obiol, R., Pantaleén-Cano, J. & Roure, J.M.
1997. Palynological evidence for climatic change and
human activity during the Holocene on Minorca
(Balearic Islands). Quaternary Research 48: 339-347.



