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Figure 14. Comparative pollen curves for Pinus and Quercus in Menéndez-Amor & Florschiitz (1961), Dupré,
Fumanal & La Roca (1985) and Navarrés 1 (this study).

occurred. Regarding the gquestion of evergreen
Quercus the vegetation might have been patchy with
both shrub-dominated Quercus coccifera assemblages
and Quercus rotundifolia woodlands. Indicators of
shrubby formations include Pistacia, Olea, Buxus,
Muyrtus, Ericaceae, Lamiaceae, Cistus and
Helianthemum. Indicators of arboreal formations
include Fraxinus, Alnus, Betula, Corylus and de-
ciduous Quercus (presumably Q. faginea), among
others. In any case, it is likely that the Quercus
species involved in the partial substitution of Pinus
were mainly shrubby, because their development
coincides with peaks of both Mediterranean shrubs
and heliophytic herbs (Fig. 12). Palynological data
from the Neolithic Cova de 'Or (Alicante) suggest
open environments and important matorralization
from ¢. 6000 BP (Dupré, 1988). To sum up, the
most likely explanation is that shrubby Quercus-
dominated formations were established by clearance
of Pinus P. nigra and/or P. halepensis woodlands.
It is possible to invoke a myriad of local factors in
order to explain our results (disease, fire, human

activity, competitive exclusion, climate change). No
sedimentary evidence supports edaphic change or an
explanation involving a natural catastrophe. But the
other possibilities merit consideration, for instance
that the substitution of Pinus by Quercus was due to
anthropogenic disturbance, either local or regional.
Human influence on the environment throughout
eastern Spain has been repeatedly invoked to explain
anthracological findings dated from c¢. 7000 yr Bp
onwards (Bernabeu & Badal, 1992; Badal et al.,
1994). However, the evidence from charcoal analysis
does not suggest the replacement of Pinus forests by
sclerophyllous Quercus-dominated scrub. On the
contrary, the information charcoal diagrams from
Cova de I’0Or and Cova de les Centres (Alicante)
(Badal et al., 1994) show that (a) the development
of the Neolithic (from 7000 BP) on the eastern coast
of the Iberian Peninsula took place in the context of
a dominant evergreen oak forest, (b) localized
vegetational degradation probably started between
7000 and 6000 BP, () clearance of Quercus forest
between 6000 and 4700 Bp favoured development of
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Pinus halepensis and Olea, and (d) later, in the Sub-
boreal period, there are both maximum decline of
Quercus and important expansion of matorral with
Rosmarinus  officinalis, Erica multiflora, Cistus,
Fabaceae and Pistacia lentiscus, although Pinus
halepensis is still the dominant tree in the charcoal
spectra. Badal et al. (1994) interpret these vegetation
changes as related to changes in exploitation by man.

The introduction of agricultural practices in the
region, c. 7000 B, is indicated by the seed remains of
cereals such as Hordeum vulgare, Triticum dicoccum,
T. durum, T. monococcum and T. compactum and
legumes, such as Lens culinaris, Vicia faba, V. ervilia
and Pisum sativum, among others (Hopf, 1966; Hopf
& Schubart, 1965; Marti, 1988). Archaeobotanical
evidence of pulses suggest that the agricultural cycle
included rotation of crops. The presence of domestic
animals, such as sheep and goats, in the early
Neolithic period is also demonstrated from analysis
of faunal remains at Cova de I’Or (Mart{ et al., 1980).

Interpreting the presence of Quercus in Navarrés
as due to human impact creates a dilemma, in that
Quercus assemblages seem to represent a degradation
stage of Pinus forests, rather than the climax
vegetation. For humid and subhumid climates, the
question of the ecological significance of sclero-
phyllous oak forests in the western part of the
Mediterranean Basin has been examined by Reille &
Pons (1992). They put forward evidence, from pollen
analysis and palaeoanthracology, which suggests that
the establishment of the Quercus ilex forests occurred
after 6000 Bp, human activity having degraded the
original Q. pubescens forest. Perhaps in southern
latitudes, influenced by marine effects or drier
climates, the successional role of deciduous Quercus
was performed by Pinus. In southwest Spain, in the
coastal valley mire of El Acebrén (Huelva),
Stevenson & Moore (1988) have remarked on a
succession from Pinus forest to Quercus scrub since
4500 yr BP presumably provoked by fire. Another
situation has been found in Corsica, where Erica
arborea forests were quickly destroyed by dramatic
man-made fires, leading to establishment of Quercus
ilex during the Sub-boreal (Reille, 1992).

At Navarrés, it seems plausible that human activity
was initially responsible for Sub-boreal replacement
of Pinus by Quercus. However, the onset of the
evergreen Quercus curve at Navarrés 2 precedes the
development of Plantago, and no other pollen taxa
have been found of cereal type, or characteristic of
arable land. Thus, although it is manifestly clear that
human activity must have been intense in the area
from at least 5000 yr BP, there is no clear evidence
from the Navarrés pollen records that such activity
had substantially altered the local landscape. More
detailed palynological studies are needed before the
hypothesis of man-induced Quercus invasion can be
accepted.

The early Quercus expansion recorded by

Menéndez-Amor & Florschiitz (1961) is synchron-
ous with the dominance of Pinus in Navarrés 1 and
Navarrés 2 (Fig. 14). A likely explanation is that both
Quercus and Pinus grew locally and were in constant
competition throughout the Holocene, undergoing
periodic mutual replacement. We lack endeavour to
test this hypothesis. It must be borne in mind,
however, that there is a millennial time-scale for
Pinus-Quercus interactions at Navarrés and at this
scale perhaps factors such as succession and species
dispersal are of less importance.

The hypothesis of climatic control of vegetation
types cannot be rejected a priori. Research into
agricultural origins in the Mediterranean basin is still
poorly developed and, as data are still sparse, the
scale of crop cultivation in Spanish Neolithic habitats
might have been overestimated. It is well known that
farming spread gradually in western Europe. The
density of agricultural communities was generally
low in comparison with that of southeastern Europe,
where the early Neolithic agriculture appears as an
intrusive phenomenon (Dennell, 1992). Even in the
Balkans, for which palynological records are abun-
dant, the evidence for a relationship between the
spread of agriculture and the timing of forest
clearance is far from conclusive (Willis & Bennett,
1994), and some authors have suggested that climatic
conditions were a major factor in determining the
history of vegetation in this area from the mid-
Holocene (Magri, 1996).

Vegetational changes, such as those described in
this paper, occur spatially in some critical regions of
the Iberian Peninsula. One of these is southeastern
Spain, mostly semi-arid, but with mountainous
areas where pluviometric gradients cause great
vegetational diversity over short distances. Here, for
example, a transition from Pinus pinaster forests to
sclerophyllous Quercus scrub can be firmly related to
a decrease in rainfall (Carrién, Munuera & Dupré,
1996). The quantity and annual distribution of
precipitation is also a determinant of the tree
vegetation limit in the provinces of Murcia and
Almeria. Along these bioclimatic boundaries there
are no signs of present or past differential anthro-
pogenic disturbance.

It is clear that human activity must have been
intense in eastern Spain from at least 5000 yr BP, but
the environmental balance was likely to have been
delicate in those ares, where rainfall was very limited
and persistent summer drought occurred. As a
consequence of agrarian activities, deforestation, and
fires would have resulted in strong erosion. Further,
successional studies on burnt areas in Albacete and
Murcia provinces (Martinez-Sdnchez, 1994) have
demonstrated that the post-fire response of veg-
etation is strongly dependent upon mean annual
rainfall. Without denying the existence of important
human disturbance in the environment, in con-
clusion we question whether intense anthropic
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pressure was the limiting factor involved in most of
the recent vegetational changes in the Spanish
Mediterranean context.
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