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Abstract: A Holocene palacoecological sequence from Villaverde, south-central Spain, is presented. The pollen
stratigraphy is used to infer past vegetation changes within a catchment area that represents the boundary
between semi-arid, plateau and mountain vegetation. From c. 9700-7530 cal. yr BP, Pinus is dominant, prob-
ably as a result of a combination of a relatively dry climate and natural fire disturbance. From c. 7530-5900
cal. yr BP, moderate invasion by Quercus appears to be a migrational response following increased moisture
and temperature, but in part shaped by competitive adjustments. From c. 5900-5000 cal. yr BP, the pine forests
are replaced by deciduous-Quercus forests with an important contribution from Corylus, Betula, Fraxinus and
Alnus. Mediterranean-type forests spread from c¢. 5000 to 1920 cal. yr BP coincident with expansions of Artemi-

A sia, Juniperus and other xerophytes. From c. 1920-1160 cal. yr BP, Pinus becomes dominant after a disturb-
HOLOCENE ance-mediated invasion of the oak forests. Human impact upon the regional landscape was negligible during
SPECIAL the Neolithic, and limited in the Bronze and Iron Ages. Local deforestation and the expansion of agro-pastoral
ISSUE activities occur after c¢. 1600 cal. yr BP.
Key words: Holocene, vegetation change, palaecoecology, pollen analysis, climatic change, Spain.
Introduction has yet to see the light of international publication, so current

The Iberian peninsula has been under-investigated in palaeo-
vegetation research. The present study sets out to fill this gap, at
least partially, by presenting a Holocene palacoecological
sequence from Villaverde, a site located on the southeastern La
Mancha Plain in Albacete province, in the southeastern part of
the peninsula (Figure 1). The site lies in a region of wide environ-
mental gradients, characteristic of alternating basin and mountain-
range topography, and is an excellent example system with which
to address several palacoecological issues.

Attempts to establish generalities in plant dynamics in Mediter-
ranean Iberia have absorbed much attention in recent years
(Burjachs et al.,, 1997), but few proposed patterns have survived
the weight of accumulated exceptions. A basic outline of the veg-
etational history of the region still eludes us (Carrién et al.,
2000a). It is important to emphasize that much scientific work
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understanding may well be an incomplete impression. In this
paper, we aim primarily to establish Holocene vegetation changes
and to examine the record in its own right before broader gen-
eralizations are attempted.

A second palacoecological issue addressed here is the identifi-
cation of the causes of vegetation change. The first step is to
examine the potential of the palacolimnological record to provide
independent evidence of past climate. As part of an ongoing
research project (Carrién, 1998), the work described here rep-
resents the increasing availability of basic information. This will
be used to help distill those arguments that are of interest for
exploring current hypotheses. Specific topics relate to: (i) the
overriding importance of pine forests during the early Holocene
in Mediterranean Spain; (ii) their local persistence after the arrival
of mesophilous trees; (iii) the mid-Holocene spread and decline
of deciduous forests; (iv) the establishment of mediterranean-type
forests; (v—vi) the late-Holocene spread of Juniperus and Pinus
and their relationship to the regional history of fire; (vii—viii)

0959-6836(01)HL503RP



636 The Holocene 11 (2001)

IBERI‘ SYSTEM

IBERIAN
PENINSULA

Albgcete ONAVARR

Semi-arid
Murciano-Almeriense
Province

% 0 100km
1

Figure 1 Location of the study site and other pollen sites in southeastern
Spain. The site lies within boundary conditions for semi-arid (Murciano-
Almeriense province), plateau (Campo de Montiel) and mountain
vegetation (Cazorla-Segura-Alcaraz system).

current hypotheses about the existence of regional ‘cultural land-
scapes’ during prehistoric times, and since the onset of Roman
colonization; (ix) the conflicts between the present palacoeco-
logical record and existing ecologically based concepts of veg-
etation change in the field area.

Study site and geographical setting

The study site (2° 22'W, 38° 48’N, 870 m a.s.l.) is a tufaceous
peat deposit developed on an old lake bed adjacent to the Cubillo
River, 1 km south of a permanent freshwater lake, the Laguna
Ojos de Villaverde (Figure 2). The site lies in the Campo de
Montiel within the EI Bonillo-Lezuza-El Ballestero karst
wetlands, near the small village of Villaverde, municipality of
Robledo, 57 km west of the city of Albacete. The Cubillo valley
has locally a semi-endorheic character related to the dynamics of
alluvial fans and, consequently, the creation of lake and marsh
conditions. The sedimentary context includes detrital marls
interbedded with peats and sapropels overlying basal conglomer-
ates. A relatively high water table is maintained in the permeable
carbonates by the presence of gypsiferous siltstone within the
underlying Triassic marls (Gonzélez-Beserdn et al., 1991). Water
withdrawal for irrigation purposes and various forms of drainage,
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Figure 2 Detailed location of the study site in the Cubillo Basin. Surface
travertines are characteristic of the whole interfan area with accumulation
of peaty tufas nearby the Cubillo river.
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especially trench excavation, have provoked basin desiccation
during the nineteenth century. The land has been cultivated for
maize, sunflower, alfalfa and other legumes. Recently, interest
was shown in peat exploitation and a legal application for per-
mission to do this is in progress.

The following hydrosere is found at Laguna de Villaverde and
other regional lakes (from open water to shore): (1) Chara major;
(2) submerged Myriophyllum-Potamogeton communities; (3)
thick emergent littoral vegetation of Phragmites australis; Clad-
ium mariscus and Typha dominguensis; (4) Cyperaceae-Juncus
communities; and (5) hygro-nitrophilous communities dominated
by Poaceae and Asteraceae (Cirujano, 1990).

Local vegetation of the Campo de Montiel plateau is dominated
by patches of Quercus rotundifolia forest with scattered Juniperus
thurifera, and Berberis hispanica on well-drained shallow soils
(Gonzalez-Beseran et al.,, 1991). The adjacent mountains of the
Alcaraz-Segura-Cazorla range are renowned for their magnificent
Pinus nigra and P. pinaster forests, but a number of deciduous
trees such as Quercus faginea, Q. pyrenaica, Corylus avellana,
Acer granatense, A. monspessulanum, Sorbus domestica, S.
torminalis, S. aria and Fraxinus angustifolia are also present.
Other communities include Q. rotundifolia forests, Q. coccifera-
Rhamnus lycioides scrub, and upland Pinus nigra-Juniperus com-
munis communities (Valle et al., 1989). In contrast, portions of
the semi-arid southeastern province, where trees are growing near
their physiological tolerance to summer drought, are dominated
by P. halepensis.

The climate of the area is dry continental Mediterranean. The
nearby stations of Munera, El Bonillo, Lezuza, Casas de Lazaro
and El Ballestero have a mean annual temperature of 13-14°C
and a mean annual rainfall of 400-450 mm. In the Alcaraz-Segura
mountains, precipitation exceeds 1100 mm, but 30 km to the
south, at Villaverde, in the semi-arid bioprovince, the observatory
of Minateda has 225 mm. The absolute temperature range at 59°C
is one of the widest in the Iberian peninsula (Gonzilez-Beseran
etal, 1991).

Methods

The valley deposit was selected in preference to the lake because
of the predominantly organic nature of the former, relative thick-
ness and simpler basin geomorphology (Figure 2). The Ojos de
Villaverde basin is a typical karstic lake system with travertine
sediment, heavily fissured bedrock, and a number of substantial
concentrated flows of groundwater (‘Ojos’), which makes it diffi-
cult to obtain a stratigraphically coherent record with acceptable
analytic potential.

A sediment core (total depth 550 cm) was obtained with a pis-
ton corer at the eastern part of the fan using the land-owner’s
recommendations and unpublished exploitation projects. This
information was vital to avoid areas that had been subject to inten-
sive trenching. The drilling ended at a calcreted conglomerate
bedrock. The uppermost 1 m of the core was a greyish disturbed
horizon, palynologically sterile.

A chronology was established on the basis of eight radiocarbon
dates obtained from bulk organic sediment (Table 1) and cali-
brated using BCal (http://bcal.cf.ac. uk), based on the INTE-
CAL9S dataset (Stuiver et al., 1998). The calibrated age is taken
as the midpoint of the 95% probability interval, and the error
values included on the diagrams are for one standard deviation.
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 3). An age-depth
model based on interpolated ages between adjacent pairs of dates
(sediment top assumed as age 0) was obtained (Figure 3). The
variation of sediment type within the sequence means that it
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Table 1 Radiocarbon ages of bulk sediment samples from Villaverde (ages calibrated using CALIB 4.12, Stuiver et al., 1998)

Lab. ref. Depth (cm) Conventional age Calibrated age Calibrated age Material
("*C years BP) range (years BP)
Pta-7964 107-108 1230 £ 35 1260-1065 1160 Peat
Pta-7962 143-144 1680 £ 50 1710-1490 1600 Peat
Pta-7693 151-152 2260 £ 60 2355-2125 2240 Peat
Pta-7958 180-182 2650 £ 45 2850-2730 2790 Organic marl
Pta-7954 221-222 3240 £ 50 3573-3360 3470 Organic marl
Pta-7951 405-406 5140 £ 60 5994-5732 5860 Peat
Pta-7959 452-454 6670 £ 60 7615-7435 7525 Peat
Beta-125960 533-537 8720 + 80 9930-9530 9730 Lime marl
yrem’
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Figure 3 Age-depth curve for the Villaverde sequence. The model was
based on interpolated ages between adjacent pairs of dates (sediment top
assumed as age 0).

would be inappropriate to fit more complex models to the entire
data set.

Samples for the analysis of microfossils were taken at intervals
of 4-8 cm throughout the core except where pollen results
prompted closer intervals of up to every 1 cm. As a control of
modern pollen deposition of the whole range of neighbouring
plant communities, five surface samples were studied, each con-
sisting of a mixture of ten soil surface subsamples. The pollen
spectrum showed in the uppermost part of the pollen diagrams
represents average percentages of pollen taxa from these surface
subsamples (Figures 5-11). The extraction of pollen follows stan-
dard procedures (Moore et al., 1991). Exotic Lycopodium tablets
of a known concentration were added in order to calculate pollen
concentrations. Mineral separation with Thoulet heavy liquid of
specific density 2.0 was used for all the samples. Identifications
were aided by the use of reference material at the Pal-MUB col-
lection, Murcia University. Identification of algal, fungal and
other non-pollen microfossils was aided by the descriptions and
microphotographs in Van Geel et al. (1981; 1986; 1989), Jarzen
and Elsik (1986) and Carriéon and Van Geel (1999) (Table 2;
Figure 5). Several ecological groups have been considered (Figure
11). ‘Other xerophytes’ include Artemisia, Chenopodiaceae,
Ephedra fragilis, Asteroideae and Cichorioideae. ‘Other meso-
philous trees’ include Betula, Fraxinus, Salix, Corylus, Alnus,
Ulmus, Acer and Sorbus. ‘Other Mediterranean’ include Pistacia,
Phillyrea, Erica arborea, Olea, Cistus, Rhamnus and Myrtus.
Nomenclature for vascular plants follows Tutin et al. (1964-80).

The delimitation of pollen (VP) and ‘microfossil’ (VM) assem-
blage zone boundaries was obtained from an optimal division of
the sequence using the information content criterion, after explo-
ration of four other methods. The number of the zones was
determined using the method of Bennett (1996). Pollen zones

were based on the values of pollen types that exceeded 5% in any
sample. ‘Microfossil’ zones include non-pollen palynomorphs and
pollen from aquatic and littoral vegetation (Figure 5). Pollen dia-
grams were constructed using Tilia and TiliaGraph programs
(Figures 6-10). Pollen concentration curves show that most
increases observed in these diagrams are not artifacts of percent-
age data (Figure 10). A synthetic diagram including selected pol-
len curves and microscopic charcoal abundance is shown in Fig-
ure 11. The total number of charcoal particles longer than 10 wm
were counted on the slides prepared for pollen analysis and their
concentrations calculated as for pollen concentration (Figure 11).
No pieces exceeded 100 wm, and most were less than 60 um. No
macroscopic charcoal (>140 wm) was found with the macrofossil
samples. By excluding the finest and coarsest particles, the total
number of charcoal particles can be taken as an indication of
regional fire occurrence.

Further examination of the main directions of variation in the
data was facilitated by means of a principal components analysis
(PCA) of the main pollen types (Figure 4). The pollen types
included were all the main pollen taxa that exceeded 5% within
the sequence, with the exception of Equisetum, omitted because it
is not likely to have been a significant component of the terrestrial
vegetation. The PCA was implemented on a covariance matrix
after square-root transformation (to reduce the bias towards abun-
dant taxa), using algorithms of Press et al. (1992) within the com-
puter program ‘psimpoll’ (Bennett, 2000).

Samples for macrofossil analysis, one per lithological unit, were
boiled in 5% KOH for 5-10 minutes and strained through a 140
um mesh sieve. Counting was undertaken on a cross-ruled petri-
dish using a stereo microscope. Plant macroremains were poorly
preserved but included a few seeds of Cyperaceae, Juncus and
Potamogeton. Macrocharcoal was absent. Characeae gyrogonites
and ostracod valves were, however, abundant and well preserved
(Figure 5). Identification criteria follow Haas (1994) for
Characeae, and Henderson (1990) and Baltanés et al. (1996) for
Ostracoda.

Results

Palaeolimnological changes

The lithostratigraphy (VL) can be combined with the microfossil
(VM) and macrofossil changes to infer past hydrological
conditions of the basin (Figure 5). The lithology comprises pale-
brown organic marls (VL1, VL3, VLS5) and black organic sedi-
ments of varying states of humification (‘peats’: VL6, VL7) or
decomposition (‘sapropels’: VL2, VL4) (Figure 5). Macrofossil
analyses, mainly from VL2, VL4, VL6 and VL7, reveal the occur-
rence of poorly preserved seeds, scales, rootlets, rhizome frag-
ments (up to 10 mm) of cormophytes and moss leaflets. Characeae
detritus is, however, the main component of plant macrofossils
throughout the core from VL2 upwards, although the detritus
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Table 2 Non-pollen microfossils with stratigraphical value at Villaverde sequence. Reference literature for original descriptions and palacoecological

indication
Type Indication Relevant references
128 Mainly mesotrophic oxygen-rich fresh water (lake and pool deposits) Pals et al. (1980)
119 Carrion and Van Geel (1999)
304
Closterium
Zygnema Meso- to eutrophic Van Geel (1976)
Spirogyra Stagnant shallow open water Van Geel et al. (1981; 1983; 1989)
Mougeotia
Tetraedron
181 Eutrophic stagnant shallow open water Van Geel et al. (1989)
179
224 Peaty deposits in lakes Van Geel et al. (1981; 1989)
359
Pseudoschizaea Temporal desiccation Scott (1992)
222 Sandy deposits in lakes Van Geel et al. (1989)
984 Sandy peat deposits in lakes Carrién and Van Geel (1999)
985 Irrigation agriculture?
988 Runoff?
Glomus Root activity (terrestrial vegetation) Van Geel et al. (1989)
Polyadosporites Organic matter decomposition (fungal activity) Jarzen and Elsik (1986)
Pluricellaesporites
Dictyosporites
Sordariaceae Fungal activity (dung?) Van Geel (1972; 1978)
Chaetomium Jarzen and Elsik (1986)
Gelasinospora Carrién et al. (1999a)
Tilletia Anthropogenic phase (agriculture)? Carrién and Van Geel (1999)
Puccinia
component is better preserved in marl layers. This detritus consists
. . . . of branchlets, fragments of axial internodes with the typical diplo-
o5k OTHER MESOPLILOUS TREES ] stichous-anisostichous cortex, clusters of spine cells attached to
axial fragments, and gyrogonites. Charophyte encrustation by cal-
o4r | cite is likely to provide an important part of the marl, although
03F Pinus 1 calcium carbonate may also have been precipitated from the water
02l J by aquatic angiosperms.
o DECIDUOUS These variations suggest fluctuating water levels with the
o 1 deposition of marls during periods of higher lake levels and the
£ 1 deposition of peats associated with advances of littoral emergent
04l J vegetation during lower lake levels. Overall, charophyte-rich
ozl | facies throughout the core confirms the presence of permanent,
' albeit relatively shallow, water conditions. The abundance of
03¢ 1 Chara hispida gyrogonites in VL3 and VL5 indicates in situ depo-
04 1 sition as well as submersion for at least three months, which is
s | | the time required for the plant to complete a full cycle of growth
EVERGREEN Quercus including calcification of the reproductive organs (Soulié-
06 04 02 0 02 04 06 Mirsche, 1993). Chara hispida today forms spectacular extensive
Axis 1

Figure 4 Principal component analysis biplot of the Villaverde Holocene
pollen spectra. The first (horizontal) and second (vertical) axes of the ordi-
nation account for approximately 46% and 18% of the variation in the
data set, respectively. The ordination presents: (i) loadings of the important
pollen taxa; and (ii) scores of the fossil pollen spectra, connected in
sequence. The top sample is marked with an asterisk. See MacDonald
(1987) for details of interpretation.

communities at the bottom of permanent freshwater lakes (4-9
m) of the region, where it solidifies directly into a soft marl layer
in lake depocentres (Cirujano, 1990).

Granular lime marl of the kind observed in VL2, VL3 and VL5
is found today in static or sluggish flow waters with abundant
dissolved and particulate calcium carbonate, an environment
favourable for the abundant ostracod Ilyocypris bradyi to con-
struct its valves. Associated microfossil assemblages (VM3,
VMS) fit into this picture. They include the spore types 128 and
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Figure 5 Lithostratigraphy (VL), and pollen (VP), microfossil (VM) and macrofossil stratigraphies (Chara, Ilyocypris) in the sequence of Villaverde.
There is good correlation between VL and VM zones, but VP zones are out-of-phase below c¢. 350 cm depth. See Table 2 for relevant literature and

ecological indication of microfossil types.

119, zygospores of Closterium, and pollen of Potamogeton and
Myriophyllum (Figures 5, 8 and 9; Table 2). In particular, Closterium-
type 128 are characteristic of mesotrophic stages in lake hydros-
eres of the region (Carrion and van Geel, 1999). Physico-chemical
precipitation, in addition to biogenic, must have taken place dur-
ing the initial VL1 stage because lime marls are not associated
with charophyte-rich facies and gyrogonites are almost absent. A
conglomerate of rounded heterometric pebbles is deposited in a
calcreted matrix, which suggests an increased, although probably
intermittent, flow regime, perhaps associated with degassing
points at resurgences (Pedley et al., 1996). Higher flow velocities
would have prevented biofilm colonization and Chara growth. A
higher abundance at VM1 of the microfossil assemblages charac-
teristic of VM3 and VMS5 supports this hypothesis. In addition,
Hydrocotyle pollen may also be indicative of groundwater input
(Moore, 1986), while Ceratophyllum leaf-spines and type 304
may be indicative of deeper-water stages (Van Geel et al., 1989).

During short periods in VL2, and stages VL4, VL6, and VL7,
there must have been increased organic input associated with low-
ered water levels. Increased turbidity would have diminished the
reproductive capability of aquatic angiosperms and charophytes
carpeting the ground. Characteristic microfossil assemblages
include Zygnematales (Zygnema, Spirogyra, Mougeotia,
Tetraedron), Rivularia, types 181, 224, 359 and 179, Cyperaceae,
Lythrum, Epilobium, ferns, decomposing fungi and moss spores.
Together these palynomorphs suggest advances of peat- and
sapropel-producing marsh environments, areas of temporary stag-
nant water and lake eutrophication. Changes in wetness are further
attested by Arcella, which, like other rhizopods, responds to fall-
ing lake levels by encysting rather than migrating (Van Geel et al.,
1989). Ostracod valves are infrequent during peat levels, presum-
ably because of reduced calcium carbonate availability or lack of
habitat. In comparison with the sapropelic VL2 and VL4 zones,
the peats VL6 and VL7 appear to be formed under more terrestrial

conditions, as is further indicated by the occurrence of Equisetum
spores, Pseudoschizaea cysts and spore types 222, 984, 985 and
988, among other fungal palynomorphs (Glomus, Polyadospor-
ites, Pluricellaesporites, Sordariaceae) (Figures 8 and 9). The
presence of Tilletia and Puccinia, mainly grass-parasitizing fungi,
coupled with siltation, may be related to increased agriculturiz-
ation, clearance and devegetation of floodplains, and moderate
catchment erosion.

It is clear that the initiation of the lacustrine sequence must
have been connected with some kind of drainage impedence,
perhaps associated with increased water input. It is also clear that
biological and geological changes are coupled with water-level
variation. However, pinpointing the prime source of the hydro-
logical events is difficult since there must have been alterations in
local drainage patterns caused by karst dynamics and groundwater
input. This would explain why there is no good correlation
between limnological and pollen events (Figure 5), and suggests
that this basin is not a suitable model for multi-proxy palaeo-
climate reconstruction studies.

Pollen stratigraphy and vegetation history

The pollen sequence of Villaverde can be used to establish the
vegetation history of the region from c. 9700 to 1160 cal. yr BP
(Figures 6-7). Unfortunately no detailed studies of the pollen rain
of the area have been made, but taking into account the location
of the basin and its altitude and diameter, and the dispersal
mechanisms of individual species (Markgraf, 1980), the expected
pollen source area should include not only the valley mostly domi-
nated today by cultivars and cleared oak and juniper woodlands
but also the surrounding hills at the Campo de Montiel (Figure
1), and northern slopes of Alcaraz-Segura mountains, and semi-
arid region (Figure 2). Surface samples studied here confirm
this view. The average pollen spectrum shows predominance of



X
N N
3 S
» %
¢ S s S &
> . W
G © & & &
Q 2 > W Q) & o oS
N g & Q' & SN ORI
S LN 3 o of q» S \(\\ &
° > o Q® Y & 6 N @ 6
& @6@ & o _Q@’\&@ b ﬂ ® & &'\o\“@ @0‘ x o § \0 o s\° Q%
S S S R & & N of\~ { @"306‘ S AP &S 0’\«%‘{ W &
g > S 9 o \\ R OIS A 0 S et o
¢ RN N QfQ ¢ 8 &\3 WP ¥R ¢ 00%@\% NN GR
— ++ + | + ++ | + + + ++ [+ ++ |4+
_ 1000 — 100
6030 i N g AR R
+ + 44 i A L P VP8
4 * B
1600455- 1300 — : oL r .
2240160~ 2000 7 150 = p — - ;
2500 — + VP7
0430~ T 7 JE:
200
VP6
3470455 3500 — : A N F .
; e — o .
2507 o TR E M 2 1 * VP35
4000 < ¥ P 2 & by i
1 T < F: H 3 S i
4500 - 001 + ol Bl A8 :: o I
i i o | o VP4
000 % ;+ ! %H }++ + +
5000 — o B . & R
350 i ' B ) G i SRR
it A 2L i . i
+ Pir |4+ +
5500 — % £ ? UH d o VP3
+ T
- 4004 1 %+ : T+ :+ +: i fy 1
5860165 6000 - i a — o "
5060 N ; y T T . VP2
7525445~ 7500 — 450+ - - + Ta——
I+ % & + +
8000 — + .
+ + + 5 } + ++ + r + *
8500 — " b o 4 N
500 ) t | + X VPI
9000 — ¥ * + A 3 }: I+ +
9500 — t 1 A o v
9730i100_ I Tryrrrrrrrrrmrr] Trrrrrrr 11ttt [T T Tt 111 1 [rrr1fr i1 1rr1r
550 20% 40 60 80 20 40 20 40 20

Figure 6 Villaverde sequence. Arboreal pollen percentages.

(T00Z) 1T 2ua20j0H 24 (O%9




'sagejuadrad uofjod [ea10qIe-UON “90uanbas opIoAR[[IA £ NS

Mediterranean-type environments Special Issue: Vegetation history 641

0, .| ] el ] (%,  %W0E, L g™
, RGOS ) .
R m v L oosg  OIFOEL6
+ + " -
1dA 'q K 00 o
: K - 00s8
+ +
0008
+ + 5 :
+F +F L ost — 00sL —SYFSTSL
TdA 4+ . - 000L
. + < = 0059
+ £ 0009 _cox
M + I L oot S9F 0985
+ + 1t
tdA " i i L 00sS
+ H M
o + s + Losg
i 1 - = 000§
bdA R :
++ +
A b, " N L 00¢g — 00S+
+ 1 E: E
1 K| * ++4 +
+
CdA ++A s s + 0sz — 000%
b . “ N -
FF
ot i — 00S€  —gSTOLYE
H
9dA _
L 00z
: — 000€
. 1 ~0EF06LT
LdA M dl 4 4 - 00sT
- + 3 -os1 L 000z -09F0vCT
N E; - 00S[ —SST0091
8dA b . + + b,
+ 3 1 + 1
+ +4+ + +
L oot L goor  ~0SFO911
+ + +
AN , &_ - V_ & o <> 2D
LS © S AR S
OJ. %& & éQO /,O.u. deO % OO/..
i ! [2) Y N Q
SR & SO S
CE £ & 72 <
N & & =% ©
& o) &
B\ &
& @a)
& &




(T00Q) 1T 2u220j0H 24 ZH9

5
& . SN
o & \0\ s N
<8 &é o\& o é\é\ g A& & W s NS
< A & S o & > e
OQ Qé N N '*\‘.{{\ rb.o o & (\3 .@JC" \0 \\ \Q‘ N \) QﬁQ \’\« Q‘b .\)j\"\' N
0&{0 & wo&@o@ &\@o ‘@%“NN\&’&@“N@‘@@“@ \\Nbo{\\\‘ Q’\\%Qo o" \\“ﬂ oy @ S‘NN 0%4 Qd"%& Cw\\o OQO&‘ \o‘*\;\i\ %f@.‘;&o
. . , , X
ST S & O SO0 W &\ 8 @ S W & £ PGS
@ < Q CﬁQ ¥ o LLPRINTN @ ﬂ‘?& Qﬂ \%%3 Q@\ Q0 QN Qe C‘\G
L60450- 1000 1007 | ’ ,

. : F g E % v
1600455~ 1500 N : Pl ¥ B [
2240560~ 2000 150 — P -~ - : = § b

2500 oL Q < i VM6
2790430~ R " 12 A .
3000 | . . L.
2001 VM5
3470455- 3500 ' 2 o e : cr
R S 4 i
0 1 SR Wl ) CLg VM4
4000 ). " o . S
e + " f » ; 0 5] ¥ 3 3
4500 | 3004 [ . } : X X
. Y . I : VM3
5000 — : y' ) . i SRR L . i
350 . - ) . y .
9 . - 3 : + :
5500 — = T | = GG I s[5 E
& b ol i >, |+ . . > oy
5860465~ 6000 4007 B O I O A : S i ke
6000 : e o). : Lt . . o [ VM2
5300 . i ) e X IR
7505445~ 7500 450 "k " :
8000 — . - . i
} Wl . . . o
8500 — . - A : ) VMl
9000 3007 L . { sl L] 3
orsosion- 0 WSS S 10 IR U O A S I e e
s50d 2040 20 2040 60 20 20 20 40 2040 60 20 20

% out of total

Figure 8 Villaverde sequence. Basin-margin pollen, and fern and fungal palynomorphs.
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evergreen Quercus (33%), and important values of Pinus (18%)
and Juniperus (5%). Other relevant taxa are Poaceae (6%), Artem-
isia (4%), Plantago (3.5%), Chenopodiaceae (3%) and Olea (2%).
With lesser occurrences there are Juglans, Prunus, Vitis, Berberis
and Genista type.

During VP1 (c. 9700-7530 cal. yr BP) pine forests were the
dominant vegetation, with Juniperus cf. thurifera probably occu-
pying the shallowest soils and most continental biotopes. A
notable semi-arid pollen signal of Artemisia, Chenopodiaceae and
Ephedra fragilis is recorded.

During VP2 (c. 7530-5940 cal. yr BP), the dominant pollen
contributor continues to be Pinus, with mean percentages of about
50%. There is a partial replacement of Pinus by evergreen
Quercus, and, to a lesser extent, deciduous Quercus, Fraxinus and
Betula. Pistacia increases above 2%, while Juniperus and Artemi-
sia decrease, and Chenopodiaceae and Ephedra almost disappear.

Zone VP3 (c.5940-5290 cal. yr BP) marks the arrival and
spread of deciduous forests. Pine forests are replaced by
deciduous-Quercus forests with important contributions from
mesophilous trees such as Corylus, Betula, Fraxinus, Alnus and
Salix, and occurrence of Ulmus, Acer and Sorbus. Xerophytes,
such as Artemisia and Chenopodiaceae, and Juniperus attain a
minima, and Ephedra is absent during this zone. Evergreen
Quercus and Pistacia continue to be secondary.

During VP4 (c. 5290-4120 cal. yr BP), deciduous Quercus is
replaced by evergreen Quercus. The sclerophyllous Mediterranean
component (Pistacia, Phillyrea, Erica arborea, Cistus, Rhamnus,
Myrtus, Buxus) reaches its maximum as evergreen Quercus
increases. This expansion of Mediterranean forest and scrub paral-
lels a considerable reduction in the broad-leaved forests domi-
nated by deciduous Quercus, while other mesic pollen types such
as Corylus, Fraxinus and Alnus persist above 5%. Pinus decreases
to frequencies of less than 10%.

During VPS5 (c. 4120-3630 cal. yr BP), the evergreen Quercus
forest reaches its maximum. This zone marks the final declines of
the deciduous taxa Betula, Fraxinus, Corylus, Alnus and Ulmus,
although deciduous Quercus increases slightly from VP4. Medit-
erranean scrub types decline. Local vegetation during this period
was probably a mixed Quercus rotundifolia/ilex-Q. faginea forest
with deciduous trees growing mostly along north-facing slopes,
mountain gullies and watercourses. Unfortunately, the evergreen
oak species involved is not known. It could be Q. ilex, character-
istic of peripheral mountain sites and threatened with extinction in
the study region, or Q. rotundifolia, better adapted to continental
climates and summer drought. Plausibly, Q. ilex may have
occurred during the mesophytic VP3 phase, becoming introgress-
ively replaced by Q. rotundifolia from VP4 onwards.

Zone VP6 (3630-2740 cal. yr BP) shows no major change in
the forest dominants, but Pinus plays a major role in forest
dynamics by experiencing abrupt short-lived oscillations at
¢. 3470 cal. yr BP and 2790 cal. yr BP. Additional characteristics
of this zone include rises of Juniperus, Artemisia, Chenopodiaceae
and Ephedra. A Mediterranean-forest understorey of Pistacia,
Phillyrea and Erica arborea is also characteristic of this zone.

Conspicuosly during VP7 (c.2740-1920 yr BP), deciduous
Quercus declines, and evergreen Quercus becomes the main forest
dominant. Pinus again shows distinct oscillations, with a main
peak at c¢. 2240 cal. yr BP, followed by a maximum of evergreen
Quercus at about 2000 cal. yr BP. Phillyrea and Erica arborea
diminish, but Pistacia is still recorded above 2%. Artemisia
reaches 9%, and Chenopodiaceae, Ephedra and Juniperus are
noteworthy.

At the base of VP8 (c. 1920-1160 yr BP), there is a major
vegetation shift including a change in the forest dominance and
the expansion of herbaceous taxa. After a new Pinus peak at
c. 1600 yr BP, evergreen Quercus falls to percentages below 10%,
while Pinus prevails dominant. Characteristic taxa of this zone

include Olea, Pistacia, Cistus, Juglans, Prunus type, Vitis, Ber-
beris, Genista type, Asteroideae, Cichorioideae, Plantago, Lamia-
ceae, Brassicaceae, Caryophyllaceae, Centaurea, Solanaceae,
Rumex, Euphorbia, Sanguisorba and Fabaceae, in addition to
Juniperus, Artemisia, Chenopodiaceae and Ephedra fragilis.

The PCA synthesizes this pollen stratigraphy concisely (Figure
4). The dominant pollen types are Pinus, evergreen Quercus,
deciduous Quercus and other mesophilous trees. The sequence
begins with pollen spectra dominated by Pinus, then moves
through a mesophilous/deciduous Quercus phase towards spectra
dominated by evergreen Quercus, and finally to the modern xero-
phytic-dominated spectra. It is clear that the pollen spectra, and
hence vegetation, have been changing continually, but have never
returned to any intermediate state.

Discussion

Previous studies

Pollen and mollusc records have been reported from the Cubillo
interfan by Taylor et al. (1998). This study is based on the analy-
sis of 13 samples of organic-rich sediments from a 6 m depth core
dated from c. 6800 cal. yr BP at the bottom to c. 3150 cal. yr
BP at c¢. 170-180 cm depth. Although the sequence has a similar
alternation of peats and lime muds, it does not correlate with the
VL sequence (Figure 5), which suggests that individual cores are
of little value in elucidating past hydrological changes at the scale
of the entire basin. The pollen sequence of Taylor et al. (1998)
shows similar tendencies in the Pinus and Quercus variations to
Villaverde. Their paper also includes a pollen record from sapro-
pel horizons of a barrage tufa deposit at the nearby locality of
Alcaraz. This record, beginning at 6000 cal. yr BP, shows overall
dominance of Pinus, and an expansion of Quercus at c. 3400 cal.
yr BP, which also roughly matches the Villaverde sequence. It is
finally worth mentioning the consistent abundance of Pinus
throughout the mid- to late-Holocene cave sites of Cueva del
Calor, Cortijo de Andrevia, Cueva del Milano and Los Molinicos,
in northwestern Murcia (L6pez, 1991), and the relative abundance
of mesophyte pollen in the Neolithic rockshelter Cueva del Naci-
miento, Jaén, Sierra de Segura (Lopez, 1981).

Other pollen diagrams help us to elucidate the nature of Holo-
cene vegetation to the west and the north in La Mancha. The
Daimiel II (Menéndez-Amor and Florschiitz, 1968) and Castillo
de Calatrava (Garcia Antén et al, 1986) pollen records show
slightly fluctuating co-dominance by Pinus and Quercus from
¢. 7100 cal. yr BP to after 1650 cal. yr BP. The Guadiana river-
basin CC-17 pollen record (Dorado et al., 1999) shows a regional
abundance of Pinus from c. 11200 to 7650 cal. yr BP, and the
dominance of Pinus and Quercus from c. 9450 to c. 2360 cal. yr
BP. This chronology is based on radiocarbon dates of c. 10200
cal. yr BP at the bottom, and c. 7050 cal. yr BP in the middle
part of the sequence. Clearly improved dating is required to assess
patterns and allow full comparison. The authors also suggest that
they found pollen signals for arid phases at about 10500-9200,
6600-5150 and 2550-1950 cal. yr BP. However, it appears that
the suggested pollen changes are conditioned by site-specific pol-
len taphonomy, because none of these arid events is demonstrable
by increases in both percentage and concentration values of xero-
phyte types. Climatic control for the observed changes in the
water level is suggested (Dorado et al., 1999), but this should be
confirmed through a more extensive, multi-core study. These
kinds of karstic landscapes may show great sensitivity to disturb-
ance, and small-scale events can result in a basin-wide change in
regime (Goudie et al., 1993).
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Were early-Holocene pine forests (c. 9700-7500 cal.
vyr BP) keeping pace with climate?

Following climate warming from the Lateglacial into the Holo-
cene, angiosperm trees invaded wide parts of the low- and mid-
altitude last-glacial conifer forests and steppes of Mediterranean
Spain (Watts, 1986; Pons and Reille, 1988; Y1l and Pérez-Obiol,
1992; Pefialba, 1994; Pérez-Obiol and Julia, 1994; Allen et al.,
1996; Targarona, 1997). The pollen records from Villaverde, and
also from Navarrés (Carrién and Dupré, 1996; Carriéon and Van
Geel, 1999), suggest that the permanence of pine forests during
periods of the Holocene was not restricted to the highest mountain
belts, steep topographies and shallow-soil biotopes. Rather more,
it is common in Mediterranean Iberia throughout mountain valleys
and continental areas (Garcia-Antén et al., 1997; Andrade, 1994,
Peiialba, 1994; Franco et al., 1998; Taylor et al, 1998; Carrién
et al., 2000b), and coastal territories (Stevenson and Moore, 1988;
Dupré and Renault-Miskovsky, 1990; Riera, 1993; Carrién et al.,
1999a). The possible causes of this phenomenon need discussion.

Initially, we focus on the Villaverde region. To the north and
east of Villaverde, the pollen records CC-7 (Dorado et al., 1999)
and Elx and Salines (Burjachs et al., 1997), respectively, show
earlier development of Quercus than Villaverde, but pine pollen
is abundant (Figure 1). The submontane L’Or and Navarrés and
the littoral Cendres sites show a clear dominance of Pinus pollen
(Dupré, 1988; Carrion et al., 1999a). Unpublished pollen records
from Cafiada de la Cruz and Siles in the Segura mountains suggest
that pines were the main forest components at this time. Thus,
independent of particular site-specific dominants, and the equally
puzzling landscape dynamics, there is a regional pollen signal for
the abundance of Pinus during the early Holocene.

A prevailing dry climate during the first Holocene millennia
could explain the abundance of pines in these regions. High per-
centages of xerophyte pollen during VP1 indicate the proximity
of semi-arid vegetation, while the relatively high concentrations
of microcharcoal (Figure 11) suggest that episodic fires occurred
regionally and may have been important in giving Pinus the
competitive advantage over deciduous Quercus at sites where the
former remained dominant. The positive correlation found at Vil-
laverde between microcharcoal and Pinus, xerophytes and Juni-
perus suggests a relationship between fire disturbance, vegetation
and climate (Table 3). The abundance of Artemisia until c¢. 8500
cal. yr BP at San Rafael and Antas pollen records, Almeria
(Pantale6n-Cano, 1997), supports this hypothesis. Using the best
modern analogues method, Cheddadi et al. (1998) have recon-
structed annual precipitation from Tigalmamine, in the Middle
Atlas of Morocco. They suggest that dry conditions affected the
early Holocene of Mediterranean North Africa. A plausible scen-
ario for Villaverde is therefore a combination of relatively dry
climate and fire disturbance.

The difficult question, however, concerns local dominance,
because the absence of macrocharcoal in VP1 makes the local
occurrence of fires unlikely. Initial conditions and local-species
interactions in addition to the influence of nearby mountain pine
forests may also have played their role. Small differences in cold-
stage tree distributions may have become magnified as tree popu-
lations increased and spread (Bennett and Willis, 1995). The Iber-
ian Peninsula was a vast Pleistocene reservoir of pine forests (e.g.,
Dupré, 1988; Bennett efal, 1991; Burjachs and Julia, 1994;
Pérez-Obiol and Julid, 1994; Carrion et al., 1995a; 1995b; 1999a),
which, from the Holocene onset, must have been influential in
determining the pattern of events within the Holocene (Carrién
et al., 1999b).

Arrival of oaks and permanence of pine forests

(c. 7500-5900 cal. yr BP)

Moderate invasion of the catchment area by Quercus, Fraxinus,
Betula and Pistacia appears to be a migrational response follow-

ing increased moisture and temperature, but in part shaped by
competitive adjustments. Pinus remained locally dominant for
more than a millennium, even though there was a rich pool of
available potential free colonists from c. 7800 cal. yr BP. There
are regional pollen signals between 7800 and 5700 cal. yr BP for
deciduous and evergreen Quercus, Alnus, Betula, Corylus, Ulmus,
Fraxinus, Acer, Salix, Sorbus, Ilex, Arbutus, Buxus, Pistacia, Phil-
lyrea, Olea, Myrtus, Sambucus, Viburnum, Rhus, Erica arborea,
Coriaria and Rhamnus (Dupré, 1988; Burjachs et al., 1997; Dor-
ado et al., 1999; Carrién and Van Geel, 1999). Pinus dominance
may again relate to a prevailing dry climate, but also to the inertia
of established tree populations, which can modify environments
in ways that perpetuate forest patches, for instance through allelo-
pathic mechanisms. Species that have stayed in place for great
periods of time may also survive climate change and invasion by
possessing large genetic plasticity (Bradshaw and McNeilly,
1981). At first, inertial mechanisms might explain the permanence
of existing tree populations for ecologically sensitive scales of
decades to centuries (Bennett and Willis, 1995). Interestingly, at
the evolutionary tempo (i.e., millions of years), the so-called
‘home-field advantage’ can also explain resistance to invasion of
specific niches (DiMichele and Bateman, 1996). Frustratingly, the
gap in our knowledge is that at the millennial scale.

‘Atlantic forests’ in Mediterranean Spain (c. 5900-
5000 cal. yr BP)

The optimum of deciduous trees at Villaverde (5900-5000 cal. yr
BP) occurs later than mesocratic phase of forest development in
northwestern Europe, which extends from about 10200 until 5700
cal. yr BP (Birks, 1986). Neither does it coincide with maximum
development of mesophyte pollen in terrestrial records or the most
recent sapropel in the eastern Mediterranean, deposited between
10200 and 6800 cal. yr BP (Rossignol-Strick, 1999). However,
mesophyte maxima in other sites of eastern and southeastern
Spain also occur at c¢. 6800-4400 cal. yr BP (Carrién and Van
Geel, 1999; Pantaledén-Cano, 1997). There is abundant evidence
in North Africa for a warm moist maximum from c. 6800 to 4400
yr BP, apparently as a delayed consequence of early- to mid-
Holocene northward extension of monsoonal rains and subsequent
arid-belt contraction (Gasse, 2000; Lamb et al., 1995). It should
not be expected that any single climatic parameter will be the
responsible controlling factor over the whole catchment. How-
ever, vegetational development at Villaverde is most likely a long-
term response to increasing available moisture, which would have
allowed species such as Quercus faginea and Corylus avellana to
have reached their real forest potential. This hypothesis is substan-
tiated by decreased frequencies of xerophytes and Juniperus
(Figure 11), and the negative correlation between microcharcoal
and both deciduous Quercus and mesophytes (Table 3).

The abrupt shift towards deciduous Quercus dominance is more
difficult to explain. Interpolation of radiocarbon dates from
boundary pollen samples suggests that this shift occurred within
c. 10-30 years (Figure 12), which seems too rapid to be cli-
matically controlled, although it is of course a threshold response
which could be ultimately mediated by climate. It remains poss-
ible that the pollen-stratigraphical change is due to a sedimentary
hiatus, but a change at century scale is unquestionable. Hypoth-
eses involving senescence, nutrient shortage and the intervention
of a pathogen are non-testable. Deciduous oaks, being shade-
tolerant species, might have invaded closed stands of pines quite
rapidly. We remain nevertheless unaware of the ultimate mech-
anisms by which oaks stayed subordinate for so long, and by
which they suddenly expanded into existing pine forests.

Aridification and spread of mediterranean-type forest
(c. 5000-1600 cal. yr BP)

A change towards dominance by evergreen Quercus communities
is observed within VP4 over a period of 300400 years. This
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Table 3 Spearman correlation coefficient for pollen taxa percentage
values and microcharcoal concentration at Villaverde (see text in
‘Methods’ for definition of ‘other xerophytes’, ‘other mesophilous trees’
and ‘Mediterranean woods’)

Pollen taxa percentage Microcharcoal

Pinus +0.245%*
Juniperus +0.550%*
Other xerophytes +0.525%*
Deciduous Quercus —0.426%**
Other mesophilous trees —0.63%*
Evergreen Quercus -0.055
Mediterranean woods +0.071
AP —0.292%%*
** = meaningful correlation.
Approx. Approx.
Time Transition
Estimated Age Pollen Pollen Interval Times
(cal.yr BP)  Stratigraphy  dominants (yr) (yr)
Evergreen Quercus
1000 — |
~ VP8 Pinus 760 Change in forest dominant
1% < 09
2500 VP7 820
3000 —
N VP6 Evergreen 890 2200
3500 - Quercus Mesophytes depletion
1 — 76-114
VPS 490
4000
4500 —
VP4 Both Quercus 1170 Codominance phase
5000 —
5500 | eci < Ouercus N
VP3 Deciduous Quercus 650 Change in forest dominant
6000~ 9-33
6300
7000 VP2 1590
7500 — 52-66
8000 — Pinus 3760 Arrival of Quercus
85007 VPl 2170
9000 —
9500 —

Figure 12 Vegetation stages and changes in the sequence of Villaverde.
Transitions in the pollen record occur at the multi-decadal to centennial
scale.

change can be viewed as the consequence of competitive inter-
actions following a trend of increased aridity, which would have
been critically manifested in the pollen record at c. 5000, 3650,
2400 and 1600 cal. yr BP. This climatic trend can be inferred from
declines of mesophilous vegetation and expansions of xerophytes,
Juniperus and Pinus. Palynological data from Mediterranean
Spain suggest subhumid forest depletions after c¢. 5200 cal. yr BP
(Dupré, 1988; Riera, 1993; Parra, 1994; Burjachs ef al., 1997; Yll
etal., 1997; Carrién et al., 1999a), after c. 4000-3400 cal. yr BP
(Esteban-Amat, 1995; Burjachs and Riera, 1995), and again after
c. 2550 yr BP (Targarona, 1997) (Figure 11). These events corre-
spond to expansions of Artemisia and/or Chenopodiaceae in arid
Almeria (Pantaledn-Cano, 1997). Other pollen records from else-
where in the Mediterranean show evergreen oaks and progressive
matorralization during the last four millennia at the expense of
subhumid forests (Huntley and Birks, 1983; Bottema and van
Zeist, 1991; Willis, 1994; Reille et al., 1996; Magri, 1999). The
arid tendency is also supported by palaeoanthracological infor-
mation relative to species composition (Badal et al., 1994), and
wood anatomy (Terral and Arnold-Simard, 1996).
Geomorphological evidence of badlands in southeastern Spain
is also abundant since 5200 cal. yr BP (Wise et al., 1982). Lake-
water levels fell abruptly while peatbog formation ceased in a
number of western and central Mediterranean sites from c. 5200

cal. yr BP and again 4000-3750 cal. yr BP (Pons and Reille, 1988;
Magri, 1999), and there were important changes in the hydro-
logical regimes of tropical lakes of Africa (Roberts, 1998; Gasse,
2000). At 5300-5000 cal. yr BP, there is a dramatic drop in Nile
water discharge which matches with arid conditions in Morocco,
the Sahel and Mesopotamia (Hassan, 1997). During the 4200—
3900 cal. yr BP interval, and again at c. 2600 cal. yr BP and 1370
cal. yr BP, droughts influenced many lakes in the Sahara and the
Sahel (Mees et al., 1991; Lamb et al., 1995). The pollen signal
at c¢. 5200 cal. yr BP parallels a global-magnitude event of decline
in methane at Greenland ice cores (Bradley, 1999).

The return of Juniperus (c. 3530 cal. yr BP)

Juniperus is an important pollen contributor at Villaverde during
the early-Holocene VP1 zone, and again from c. 3500 cal. yr BP
to present (Figures 6 and 11). From its present-day local abun-
dance, it appears plausible that J. thurifera is the main species
involved. Given its low dispersal potential, Juniperus must have
developed abundantly locally for both periods. A relationship
between dry climate and Juniperus abundance is suggested, first,
by the significant positive Spearman correlation between Juni-
perus, xerophytes and microcharcoal concentration (Table 3) and,
second, by the fact that Juniperus rises as mesophyte pollen drops
and vice versa. Although Rivas-Martinez (1969) suggests that the
existing J. thurifera communities are in decline, the data presented
here support the former hypothesis of Ceballos (1934) that J. thu-
rifera has increased recently due to a suggested xerothermic trend.
Auspiciously, Ceballos (1934) also suspected that current com-
munities were invaders of former deciduous forests.

Species-interactions and late-Holocene expansion of
pines (c. 1600-1150 cal. yr BP)

The spread of Pinus at c. 1600 cal. yr BP appears to be a threshold
response to some kind of environmental pressure beginning at
¢. 3500 cal. yr BP, from which six short-lived peaks of Pinus are
recorded. We infer from the age-depth model (Figure 3) that these
expansions did not exceed 120 years. The main three peaks
occurred at ¢. 3500 cal. yr BP, 2800 cal. yr BP and 2250 cal. yr
BP, with Pinus values of c. 27%, 36% and 39% successively. At
the base of VP8, there is a new relative maximum of 43% and
Pinus becomes dominant of a semi-forested landscape. Altogether
these observations envisage a disturbance-mediated invasion of
mixed and evergreen oaks forests by Pinus. This spread of Pinus
brought about a permanent modification of the ecosystem (a
plastic response), while previous episodic expansions were
temporary (elastic).

The pattern of microcharcoal abundance in Villaverde (Figure
11), and the correlations observed between Pinus, Quercus and
microcharcoal (Table 3), suggest that fire is the main disturbance.
Using diffusion-reaction equations to model the spatio-temporal
pattern of plant succession, Shigesada and Kawasaki (1997) have
shown that, under random fire disturbance, a competitively weaker
species is able to adapt and, at times, even displace a potential
competitor to become the sole surviving species. It is worth men-
tioning that peaks of Pinus at c. 3500, 2800 and 1550 cal. yr BP
are preceded by charcoal increases. At the 160-190 cm depth
interval, it has been roughly estimated that Pinus increases for
about 60-120 yr after microcharcoal first surpasses the critical
value of 25 X 10* particles/g. If values of microcharcoal concen-
tration of 2 X the mean value are considered to be significant in
terms of fire occurrence, a fire event can be considered to have
occurred every 20-60 years during VP6. A more accurate picture
is not possible because we cannot obtain fire-history information
at the patch level (MacDonald et al., 1991).

Using simulation experiments, Pausas (1999) has predicted
changes in the relative abundance of Q. rotundifolia, P. halepensis
and Cistus salviifolius with changes in the fire recurrence in eastern



Mediterranean-type environments Special Issue: Vegetation history 649

Spain ecosystems. Their model predicts mature Q. rotundifolia
forests in areas with low fire recurrence (less than 100 yr),
pine/oak woodlands in areas with higher fire recurrence (40-100
yr) and shrublands in the highest fire recurrence areas (5-20 yr).
Similar patterns of increasing shrublands and decreasing Quercus
communities due to increasing fire recurrence are found in other
Mediterranean Basin systems (Trabaud, 1980; Martinez-Sadnchez
et al., 1996). This model predicts the coexistence of Pinus and
Quercus during the above-mentioned interval at VP6, and sug-
gests that the establishment of Pinus may have been the result of
increased fire frequency from VP4 to VP8. In addition, these
results suggest that P. halepensis may well have been involved
in the forest dynamics since VP6. This species is extremely resist-
ant to climatic stress and its recruitment is stimulated by fire
(Pausas, 1999). Furthermore, charcoal analyses suggest a regional
spread of Pinus halepensis during this time (Rodriguez, 1992;
Badal et al., 1994). It remains unclear whether the microcharcoal
record during VP8 is the result of slash-and-burn practices,
because the balance between human-set fires and climate is
problematic.

A prehistoric cultural landscape?

Human disturbance has been suggested as a major forcing of veg-
etation change in Spain and other Mediterranean areas during the
last 4500 years or earlier (Barbero et al., 1990; Reille and Pons,
1992; Stevenson and Harrison, 1992), but direct evidence for
these activities, such as cereal pollen, macrocharcoal and inde-
pendent archaeological remains, is not uniform within the region.
It is, of course, possible that in some areas the effects of climatic
change since the mid-Holocene have been accentuated by
increasing anthropogenic pressure whereas in other cases it is
anthropogenic forces alone that are responsible for these changes.
However, in the study region, we suggest that there are problems
with the anthropogenic argument.

First, there is an absence of archaeological evidence. It is not
clear when prehistoric hunting communities at the region adopted
a more sedentary pattern of resource use, but archaeological data
from the Neolithic to the Bronze Age suggest that settlement was
still sparse (Jordan, 1992). Certainly, regional settlement become
more systematic in the Bronze Age, when cattle and pigs assumed
greater importance, but it was still comparatively uneven (Najera
and Molina, 1977). Agriculture and domesticated animals were
only prominent in the Iberian periphery, while hunting-gathering
remained important in the interior plains (Butzer, 1988). For
southwestern Albacete, it has been suggested that there were
malarial areas which would have been avoided as places for settle-
ment (Bauer, 1980; Jordan, 1992). Historical documents describe
wide marsh extensions until the sixteenth century (Lopez-
Bermidez, 1978). During the Iron Age, the region even experi-
enced extensive depopulation, possibly due to intense droughts
(Jordan, 1992).

The palaeoecological record of Villaverde suggests that impact
of societies upon the regional landscape was negligible in the
Neolithic, and probably slight even in the Bronze and Iron Ages
(Figure 11). As far as disturbances by these societies is concerned,
this record provides little evidence which may be distinguished
from non-anthropogenically induced phenomena. Plantago does
not show a continuous curve before c. 1900 cal. yr BP, although
a first increase is already noticed at c. 4050 cal. yr BP (Figure 7).
The indicative value of this increase and subsequent peaks is
unclear. Additionally, the observed pollen type, typically, is not
P. lanceolata, nor are all the possible regional species ruderals.

Second, no other plausible indicator of human activity apart
from Plantago is found in the pollen record prior to ¢. 1600 cal.
yr BP (Figure 7). The curves of Artemisia, Chenopodiaceae,
Asteraceae and Lamiaceae pollen could be regarded as indicators
of ruderalization and therophytization in other geographical con-

texts (Barbero et al., 1990), but not at the fringes of the semi-
arid region where most species of these genera and families are
xerophytes. In addition, Artemisia, Chenopodiaceae, Ephedra and,
to a lesser extent, Plantago show pollen increases during VPI,
when human influence on the pollen record is unlikely. At a
regional level, none of the other regional pollen diagrams
(Menéndez-Amor and Florschiitz, 1968; Garcia-Antén et al.,
1986; Dorado et al., 1999) show anthropogenic indicators before
¢. 1950 cal. yr BP. Seed and charcoal data are fragmentary and
there is no firm evidence concerning any intensification of agricul-
tural exploitation before Roman times (Buxd, 1990; 1997; Berna-
beu et al., 1993). Our argument is strengthened by comparative
evidence from other pollen diagrams in which a very clear phase
of forest regression is associated with pollen of cultivated trees
and crops, such as Golhisar in Turkey (Eastwood er al., 1998;
1999).

We cannot clearly detach humans from the environment and,
hence, the question concerning how to factor out the relative roles
of natural and human ignitions in vegetation is open to debate.
However, since there is no clear indication of extensive human
impact on the region before historical times, and because of the
existence of overwhelming evidence for increased aridification
since 5200 cal. yr BP, we provisionally assume that at least fire-
disturbance regimes prior to ¢. 1600 cal. yr BP were largely con-
trolled by climate and vegetation traits. Although the deliberate
destruction of wildwood in order to make farmland might have
begun in the Neolithic at about 5700-6850 cal. yr BP, as in Levant
and littoral Andalusia, it seems that the wildwood of Iberian
interior areas retreated late.

Landscape during the historical expansion of
agriculture

The palaeoecological record of Villaverde indicates local defores-
tation and the expansion of pasture plants and arable agriculture
since ¢. 1600 cal. yr BP. Several observations support this picture:
(i) continuous pollen curve of Plantago; in addition to (ii) the
occurrence of pasture-land indicators (e.g., Rumex conglomeratus
type); (iii) weeds and agriculture indicators (Brassicaceae, Solana-
ceae, Centaurea, Euphorbia, Sanguisorba, Fabaceae, Juglans,
Prunus type, Vitis, increased Olea values, Tilletia, Puccinia, spore
types 984, 985, 988); (iv) indicators of forest degradation stages
(Berberis hispanica, Genista type, Prunus type, increased Cistus
values); (v) increase of NAP; (vi) increased flux of inorganic
material; and (vii) increased microcharcoal input suggesting larger
and more frequent fires.

No quantitative data on agriculture in La Mancha and Sierras
de Segura exist for the Roman period. References to livestock are
given by the accounts of Strabo (c. 20 Bc) and Pliny (c. AD 75).
Black-fleeced sheep and cattle herding were prominent starting in
the Middle Ages in the upper basins of Castilian rivers (Butzer,
1988), related to a more continuously open agricultural landscape,
deforestation and subsequent soil deterioration. Classical literary
sources, however, do not give us any measurement of ecological
decline; but they inform of many wooded regions in eastern Spain
which are not barren (Bauer, 1980). Numerous reports point to
an extensive shrub and forest cover in southeastern Albacete and
northwestern Murcia only a century ago (Sdnchez-Gomez et al.,
1995).

Landscape openings after c. 1600 cal. yr BP do not have to
be primarily determined by increased agriculturization, a climatic
explanation also being plausible. Historical sources, alarmed
about the spread of sub-desertic areas towards La Mancha,
describe catastrophic droughts, floodings, epidemics and locust
plagues in the southeast during Roman and early Mediaeval times
(Merino-Alvarez, 1915; Barceld, 1978; Bauer, 1980). A fascinat-
ing document by Rufus Avienus (c. Ab 385) provides landscape
information of Mediterranean coastal areas from Gadir (current
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Cadiz) to north Valencia, describing ‘desolated landscapes of once
populous towns, ruins, no inhabitants, abandoned towns...’
(Bryson, unpublished data). Romans referred to the southeastern
coast as ‘the coast of the rabbits’ (Gonzdlez, 1999), which sug-
gests open shrubby landscape, while the northern fringes of the
so-called Campus Spartarius Province (‘Stipa fields’: Pliny: His-
toria Naturalis) were only c. 20 km away from the present study
area (Vila-Valenti, 1961). There is palacolimnological evidence
for shallow-water phases in north Africa between c. 1910 and
1650 cal. yr BP (Lamb et al., 1995), while monsoonal climate
appears to show increased frequency variability from 1710 to
1060 cal. yr BP (Sirocko ez al., 1996).

It must be stressed that both the classical literary sources and
much of the archaeological evidence hitherto used are so impre-
cise and lacking in quantitative measurement that contradictory
conclusions may have been drawn from the same set of data. In
particular, the agricultural developments of the Roman period may
have been much exaggerated by modern writers. The sequence
of Villaverde suggests that any anthropogenic forest disturbance
merely facilitated a change in forest composition that might have
occurred naturally given the increased dryness of climate ever
since 5200 cal. yr BP.

Is there anything worth calling ‘potential natural
vegetation’?

Although both modern vegetation and pollen rain at the site are
characterized by evergreen Quercus, the most recent available
pollen record at 1150 cal. yr BP suggests the local dominance of
pines (Figure 6). In other parts of La Mancha, oaks and pines co-
exist at this time (Dorado et al., 1999) while pines clearly prevail
in the southeastern mountains of Murcia (Lépez, 1991). The flor-
istic-phytosociological approach of vegetation science establishes
a ‘potential’ forest vegetation of Q. rotundifolia for most of this
territory (Peinado et al., 1992; Escudero efal., 1995). This
hypothesis comes to see this forest as dominant in the theoretical
absence of anthropogenic disturbance.

Apart from the obvious fact that there is no vegetation in the
field area today which has not been affected by human inter-
ference, it must be mentioned that historical sources suggest that
Q. rotundifolia, which produces a valuable acorn crop tradition-
ally used to feed free-range pigs, has been historically protected
along La Mancha, Campo de Montiel and northeastern Murcia
(Merino-Alvarez, 1915; Rodriguez de la Torre, 1985). The study
area is recorded in the local land register under the denomination
of ‘Dehesa Villaverde’, which connotes a particular agro-sylvo-
pastoral tradition protecting oaks (Maraién, 1988). Landscape
descriptions and toponyms from Islamic times to the late nine-
teenth century outline a diverse regional landscape including for-
ested and open areas, pine, mixed and oak forests (Sdnchez-
Gomez et al., 1995). Most sources, including the ‘Archivo His-
torico Provincial de Albacete’, reiterate the existence of wide
areas of ‘dehesa’ ever since the fourteenth century (Rodriguez
de la Torre and Cano, 1987). The amount of public punishments
following tree-cutting has been traditionally much heavier when
dealing with oaks than pines, while oak planting was rewarded
(De la Cruz, 1980).

Connected with the former is that, for different reasons, includ-
ing the eventual lack of demographic resources for repopulation,
there has been a major lag in the expansion of regional agriculture,
which left many areas uncultivated until the nineteenth century
(Rodriguez de la Torre, 1985; Jordan, 1992). Pastoral trans-
humance and dehesa economy have prevailed for most of the last
millennium, and, from the pastoralist’s point of view, a dehesa
conferred far more benefits than irrigation agriculture. Finally,
there is also historical documentation supporting the fact that
deforestation focused largely on pine forests. Especially
important, and continuous until the end of the nineteenth century,

was the pine demand for naval shipbuilding (Gonzalez, 1999). In
the region, the main species affected appears to have been P.
nigra (Sanchez-Gémez et al., 1995), as P. sylvestris was in the
Central mountain system (Pardo and Gil, 1997). The antiquity of
the dehesa economy in the region remains open to debate, and
whether the prehistoric oak-pine/fire dynamics together with the
sporadic appearance of ruderal pollen are somewhat connected
with human activities. We need spatially orientated palacoeco-
logical studies to address this issue.

We conclude that present-day Q. rotundifolia forests, allegedly
remnants of the natural potential vegetation, cannot be conceived
to be out of the reach of human interference. It is to be questioned
whether, in the absence of last-millennium human activity, poten-
tial natural vegetation might not be dominated by one or several
Pinus species. Moreover, it is questionable whether there is some-
thing worth calling potential natural vegetation. There are inherent
difficulties in transferring models and methods from the floristic-
phytosociological approach to the ecology, which has created
more than a little confusion (Blanco er al., 1997; Carrion et al.,
1999b).

Conclusions

The pollen stratigraphy at Villaverde can be used to infer past
vegetation changes within a well-defined catchment area that rep-
resents boundary conditions for semi-arid, plateau and mountain
vegetation. At the millennial scale, climate appears to have been
a major control of the species pool. The picture is of a generally
wet mid-Holocene stage characterized by spread of mesophilous
vegetation, anteceded and followed by drier conditions, which are
inferred from a higher abundance of xerophytes, pines, evergreen
oaks and Mediterranean scrub.

At the centurial and decadal scale, we challenge the overriding
problem of spatial scale (Prentice, 1986). Here it is hypothesized
that initiating factors and the inertia of established tree popu-
lations, as well as migrational processes interconnected with com-
petition adjustments, have been responsible for timelags in the
response of local vegetation to climate amelioration from the early
to mid-Holocene (c. 9700-5200 cal. yr BP). Fire disturbance
would have been a major factor shaping interspecific relationships
and vegetation change from c. 5200 cal. yr BP onwards. There is
also, at this scale, the possibility of seeing vegetation as being in
a state of non-equilibrium, stochastically changing in time and
space (Moore et al., 1996; Bennett and Willis, 1995). Apparent
trends could be, in this context, generated as side consequences
of expansions and contractions in the amount of variability within
the system, and not by anything actually moving anywhere.

Several changes in the pollen record coincide with established
times for abrupt oscillations and rapid transitions in the climates
of north Africa and the Sahel (Lamb er al., 1995; Hassan, 1997,
Gasse, 2000). The possible relationships between these events and
the transitions at Villaverde (Figure 11) remain obscure and need
further research. We might search for parallelisms, but in so doing
risk confusing correlation and causality.

Several transitions in the pollen record occur over decades,
apparently as ecological crises during which key thresholds were
crossed (Figure 12). We come to see some kind of permanence
as the norm for most of the time, and change as a relatively rapid
event, as a sort of collapse bringing the system to a new state.
There are no two identical phases throughout the Villaverde
sequence (Figure 4), so that it appears that every stage is contin-
gent. Overall, this model alerts us that the successful application
of palaeoecological transfer functions for climate reconstruction
may be conditioned by system states. Clearly, we need to puzzle
out the palaeoecological database within the context of a contin-
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gent ecology in addition to, and interacting with, traditional deter-
ministic approaches.

Acknowledgements

J.S. Carrién dedicates this paper with gratitude to Teresa Borja,
for providing ‘contingent’ support at critical stages of the work.
The authors are grateful to Francisco Hernandez for providing
much of the logistics of fieldwork and sharing much general infor-
mation about the study site. Pedro Sdnchez and Paco Saez helped
with fieldwork. Feli Gdzquez and Teresa Borja provided help with
laboratory processing. Owen Davis helped with the description
and interpretation of the sediments. Neil Roberts and Louis Scott
provided helpful comments on a first draft. This research was
funded by the Spanish Ministerio de Educacién y Ciencia through
the project CLI97-0445-C02-01.

References

Allen, J.R.M., Huntley, B. and Watts, W.A. 1996: The vegetation and
climate of northwest Iberia over the last 14,000 yr. Journal of Quaternary
Science 11, 125-47.

Andrade, A. 1994: Dindmica de la vegetacion durante los iiltimos 3000
afos en las Sierras de la Paramera, Serrota y Villafranca (Avila) a partir
del andlisis polinico. PhD thesis, Universidad de Alcala.

Badal, E., Bernabeu, J. and Vernet, J.L. 1994: Vegetation changes and
human action from the Neolithic to the Bronze Age (70004000 B.P.)
in Alicante, Spain, based on charcoal analysis. Vegetation History and
Archaeobotany 3, 155-66.

Baltanas, A., Beriz, B. and Lopez, A. 1996: Lista faunistica y bibliog-
rdfica de los ostrdcodos no marinos (Crustaceae, Ostracoda) de la
Peninsula Ibérica, Islas Baleares e Islas Canarias. Madrid: Asociacion
Espafiola de Limnologia, Publication 12.

Barbero, M., Bonin, G., Loisel, R. and Quezel, P. 1990: Changes and
disturbances of forest ecosystems caused by human activities in the west-
ern part of the mediterranean basin. Vegetatio 87, 151-73.

Barcelé, M. 1978: Les plagues de llagost a la Carpetana. Estudis d’Histo-
ria Agraria 1, 578-649.

Bauer, E. 1980: Los montes en Esparia en la historia. Madrid: Servicio
de Publicaciones Agrarias.

Bennett, K.D. 1996: Determination of the number of zones in biostrati-
graphical sequence. New Phytologist 132, 155-70.

—— 2000: Psimpoll and pscomb: computer programs for data plotting
and analysis. Available on the internet at http://www.kv.geo.uu.se/
software.html.

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

Bennett, K.D., Tzedakis, P.C. and Willis, K.J. 1991: Quaternary refugia
of north European trees. Journal of Biogeography 18, 103-15.
Bernabeu, J., Aura, J.E. and Badal, E. 1993: Al oeste del edén. Las
primeras sociedades agricolas en la Europa Mediterrdnea. Madrid:
Sintesis.

Birks, J.H.B. 1986: Late Quaternary biotic changes in terrestrial and
lacustrine environments, with particular reference to north-west Europe.
In Berglund, B.E. editor, Handbook of Holocene palaeoecology and
palaeohydrology, Chichester: John Wiley, 3-65.

Blanco, E., Casado, M.A., Costa-Tenorio, M., Escribano, R., Garcia-
Antén, M., Génova, M., Gomez, A., Gémez, F., Moreno, J.C., Morla,
C., Regato, P. and Sainz, H. 1997: Los bosques ibéricos. Una interpreta-
cion geobotdnica. Barcelona: Planeta.

Bottema, S. and van Zeist, W. 1991: Late Quaternary vegetation of the
Near East. Beihefte Zum Tiibinger Atlas Des Vorderen Orients, Reihe A
(Naturwissenchschaften) Nr 18. Wiesbaden: Dr. Ludwig Reichert Verlag.
Bradley, R.S. 1999: Paleoclimatology. Reconstructing climates of the
Quaternary. International Geophysics Series, Vol. 64. San Diego: Aca-
demic Press.

Bradshaw, A.D. and McNeilly, T. 1981: Evolution and pollution. Lon-
don: Edward Arnold.

Burjachs, F. and Julia, R. 1994: Abrupt climatic changes during the last
glaciation based on pollen analysis of the Abric Romani, Catalonia, Spain.
Quaternary Research 42, 308-15.

Burjachs, F. and Riera, S. 1995: Canvis vegetals i climatics durant el
Neolitic a la facada mediterrania iberica. 1° Congrés del Neolitic a la
Peninsula Iberica. Cava-Bellaterra. Rubricatum 1, 21-7.

Burjachs, F., Giralt, S., Roca, J.R., Seret, G. and Julia, R. 1997: Palino-
logia holocénica y desertizacion en el Mediterraneo occidental. In Ibadez,
J.J., Valero, B.L. and Machado, C., El paisaje mediterrdneo a través del
espacio y del tiempo. Implicaciones en la desertificacion, Logrono: Geo-
forma Editores, 379-94.

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

Buxo, R. 1990: Metodologia y técnicas para la recuperacion de restos
vegetales (en especial referencia a semillas y frutos) en yacimientos
arqueologicos. Girona: Ajuntament de Girona.

—— 1997: Arqueologia de las plantas. Barcelona: Critica.

Carrion, J.S. 1998: Spain: paleoclimatology of the last 18,000 years.
PAGES. Past Global Changes 6, 8.

Carrion, J.S. and Dupré, M. 1996: Late Quaternary vegetational history
at Navarrés, eastern Spain. A two-core approach. New Phytologist 134,
177-91.

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.

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

Carrion, J.S., Munuera, M. and Dupré, M. 1995b: Estudios de palinol-
ogia arqueoldgica en el sureste ibérico semidrido. Cuaternario y Geomor-
fologia 9, 17-31.

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

Carrion, J.S., Munuera, M., Navarro, C. and Saez, F. 2000a: Paleo-
climas e historia de la vegetacién cuaternaria en Espaia a través del
andlisis polinico. Viejas falacias y nuevos paradigmas. Complutum 11,
115-42.

Carrion, J.S., Navarro, C., Navarro, J. and Munuera, M. 2000b: The
distribution of cluster pine (Pinus pinaster) in Spain as derived from
palaeoecological data: relationships with phytosociological classification.
The Holocene 10, 243-52.

Carrion, J.S., Van Geel, B., Munuera, M. and Navarro, C. 1999b:
Palaeoecological evidence of pollen sequence in eastern Spain challenges
existing concepts of vegetation change. South African Journal of Science
95, 44-6.

Case, T.J. 1990: Invasion resistance arises in strongly interacting species
rich model competition communities. Proceedings of the National Acad-
emy of Sciences 87, 9610.

Ceballos, L. 1934: Notas sobre los sabinares de Juniperus thurifera L.
con especial referencia a los montes de Soria. Boletin de la Sociedad
Espariola de Historia Natural 34, 465-74.

Cheddadi, R., Lamb, H.F., Guiot, J. and van der Kaars, S. 1998: Holo-
cene climatic change in Morocco: a quantitative reconstruction from pol-
len data. Climate Dynamics 14, 883-90.

Cirujano, S. 1990: Flora y vegetacion de las lagunas y humedales de la
provincia de Albacete. Albacete: Instituto de Estudios Albacetenses.

De la Cruz, E. 1980: Ordenanzas del comiin de la Villa de Segura y su
tierra de 1580. Jaén: Instituto de Estudios Gienenses.

DiMichele, W.A. and Bateman, R.M. 1996: Plant palacoecology and
evolutionary inference: two examples from the Paleozoic. Review of
Palaeobotany and Palynology 90, 223-47.

Dorado, M., Valdeolmillos, A., Ruiz, M.B., Gil, M.J. and Bustamante,
1. 1999: Evolucién climdtica 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 Investigacion Prehistérica. Valencia: Serie de
Trabajos Varios, No. 84.



652 The Holocene 11 (2001)

Dupré, M. and Renault-Miskovsky, J. 1990: El hombre y su impacto en
las zonas bajas mediterrdneas. Datos palinolégicos de sedimentos arqueol-
ogicos holocenos. Archivo de Prehistoria Levantina 20, 133-41.
Eastwood, W.J., Roberts, N. and Lamb, H.F. 1998:. Palaecoecological
and archaeological evidence for human occupance in southwest Turkey:
the Beysehir occupation phase. Journal of the British Institute of Archae-
ology at Ankara 48, 69-86.

Eastwood, W.J., Roberts, N., Lamb, H.F. and Tibby, J.C. 1999: Holo-
cene environmental change in southwest Turkey: a palaeoecological record
of lake and catchment-related changes. Quaternary Science Reviews 18,
671-95.

Escudero, A., Sinchez-Mata, D. and Arévalo, E. 1995: Biogeografia de
la provincia de Albacete. Al-Basit 36, 219-55.

Esteban-Amat, A. 1995: Evolucion del paisaje durante los tiltimos 10.000
afios en las montarias del Mediterrdneo occidental: ejemplos del Pirineo
oriental y Sierra Nevada. PhD thesis, Universidad de Barcelona.
Franco, F., Garcia-Antén, M. and 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. and Morla, C. 1997: New
data concerning the evolution of the vegetation in Lillo pinewood (Ledn,
Spain). Journal of Biogeography 24, 929-34.

Garcia-Antén, M., Morla, C., Ruiz-Zapata, B. and Sainz-Ollero, H.
1986: Contribucion al conocimiento del paisaje vegetal holoceno en la
Submeseta Sur Ibérica: andlisis polinico de sedimentos higroturbosos en
el Campo de Calatrava (Ciudad Real, Espaiia). In Lopez-Vera, F., editor,
Quaternary climate in western Mediterranean, Madrid: Universidad Auto-
noma de Madrid, 189-203.

Gasse, F. 2000: Hydrological changes in the African tropics since the
Last Glacial Maximum. Quaternary Science Reviews 19, 189-211.
Gleason, H.A. 1917: The structure and development of the plant associ-
ation. Bulletin of the Torrey Botanical Club 44, 463-81.

Gonzalez, V. 1999: Los bosques en Espafia a lo largo de la historia. In
Perlin, J., Historia de los bosques. El significado de la madera en el desar-
rollo de la civilizacion, Madrid: Storaenso, Gaia Proyecto 2050, 428-79.
Gonzalez-Beseran, J.L, Gonzilez, L.J. and Mujeriego, F.L. 1991: Intro-
duccion a la ecologia de la Laguna de los Ojos de Villaverde. Albacete:
Instituto de Estudios Albacetenses.

Goudie, A.S., Viles, H.A. and Pentecost, A. 1993: The late-Holocene
tufa decline in Europe. The Holocene 3, 181-86.

Haas, J.N. 1994: First identification key for charophyte oospores from
central Europe. European. Journal of Phycology 29, 227-35.

Hassan, F. 1997: Holocene palaeoclimates of Africa. African Archaeolog-
ical Review 14, 213-30.

Henderson, P.A. 1990: Freshwater ostracods. Linnean Society of Lon-
don. Oegstgeest: Universal Book Services.

Huntley, B. and Birks, H.J.B. 1983: An atlas of past and present pollen
maps for Europe, 0—13,000 years ago. Cambridge: Cambridge Univer-
sity Press.

Jarzen, D.M. and Elsik, W.C. 1986: Fungal palynomorphs recovered
from recent river deposits, Luangwa Valley, Zambia. Palynology 10,
35-60.

Jordan, J.F. 1992: Prospeccién arqueoldgica en la Comarca de Hellin-
Tobarra. Metodologia, resultados y bibliografia. Al-Basit 31, 183-227.
Lamb, H.F., Gasse, F., Benkaddour, A., El Hamouti, N., van der
Kaars, S., Perkins, W.T., Pearce, N.J. and Roberts, C.N. 1995: Relation
between century-scale Holocene arid intervals in tropical and temperate
zones. Nature 373, 134-37.

Lépez, P. 1981: Andlisis polinico de la Cueva del Nacimiento. Trabajos
de Prehistoria 38, 109-52.

—— 1991: El cambio cultural del 1V al Il milenios a.C. en la Comarca
Noroeste de Murcia. Volumen I. Madrid: Consejo Superior de Investiga-
ciones Cientificas.

Lépez-Bermudez, F. 1978: El sector pantanoso al W de Albacete y su
desecacion. Al-Basit 5, 68-90.

MacDonald, G.M. 1987: Postglacial development of the subalpine-boreal
transition forest of western Canada. Journal of Ecology 75, 303-20.
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.

Magri, D. 1999: Late Quaternary vegetation history at Lagaccione near

Lago di Bolsena (central Italy). Review of Palaeobotany and Palynology
106, 171-208.

Maraiion, T. 1988: Agro-sylvo-pastoral systems in the Iberian Peninsula:
dehesas and montados. Rangelands 10, 255-258.

Markgraf, V. 1980: Pollen dispersal in a mountain area. Grana 19,
127-46.

Martinez-Sanchez, J.J., Herranz, J.M., Guerra, J. and Trabaud, L.
1996: Natural recolonization of Pinus halepensis Mill. and Pinus pinaster
Aiton in burnt forests of the Sierra de Alcaraz-Segura mountain system
(SE Spain). Ecologia Mediterranea 22, 17-24.

Mees, F., Verschuren, D., Nijs, R. and Dumont, H.J. 1991: Holocene
evolution of the crater lake at the Malha, northwest Sudan. Journal of
Palaeolimnology 5, 227-53.

Menéndez-Amor, J. and Florschiitz, F. 1968: Estudio palinoldgico de la
turbera de Daimiel. La Préhistoire. Problemes et tendances, Paris, CNRS,
291-94.

Merino-Alvarez, A. 1915: Geografia historica del territorio de la actual
provincia de Murcia desde la Reconquista por D. Jaime I de Aragon hasta
la época presente. Murcia: Academia Alfonso X el Sabio.

Moore, P.D. 1986: Hydrological changes in mires. In Berglund, B.E.,
editor, Handbook of Holocene palaeoecology and palaeohydrology,
Chichester: John Wiley, 91-107.

Moore, P.D., Chaloner, B. and Stott, P. 1996: Global environmental
change. Oxford: Blackwell.

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

Najera, T. and Molina, F. 1977: Edad del Bronce en La Mancha: excava-
ciones en las Motillas del Azuer y Los Palacios (campafia 1974). Cuad-
ernos de Prehistoria de la Universidad de Granada 2, 251-300.

Pals, J.P., Van Geel, B. and Delfos, A. 1980: Paleoecological studies in
the Klokkeweel Bog near Hoogkarspel (Prov. of Noord-Holland). Review
of Palaeobotany and Palynology 30, 371-418.

Pantaleon-Cano, J. 1997: Estudi palinologic de sediments litorals de la
provincia d’Almeria. Transformacions del paisatge vegetal dins un terri-
tori semiarid. PhD thesis, Universidad Auténoma de Barcelona.

Pardo, F. and Gil, L. 1997: La transformacion del paisaje en la Sierra
pobre de Madrid. Influencia de la agricultura y ganaderia en la extincién
local de los pinares. Estudios Geogrdficos 57, 397-423.

Parra, 1. 1994: Quantification des précipitations a partir des spectres
polliniques actuels et fossiles: du Tardiglaciaire a I’Holocéne Supérieur
de la cote méditerranéene espagnole. PhD thesis, Universidad de
Montpellier.

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

Pedley, M., Andrews, J., Ordoéiiez, S., Garcia del Cura, M.A., Gon-
zales Martin, J.A. and Taylor, D. 1996: Does climate control the mor-
phological fabric of freshwater carbonates? A comparative study of Holo-
cene barrage tufas from Spain and Britain. Palaeogeography,
Palaeoclimatology, Palaeoecology 121, 239-57.

Peinado, M., Alcaraz, F. and Martinez-Parras, J.M. 1992: Vegetation
of southeastern Spain. Berlin: J. Cramer.

Peiialba, M.C. 1994: The history of the Holocene vegetation in northern
Spain from pollen analysis. Journal of Ecology 82, 815-32.
Pérez-Obiol, R. and Julia, R. 1994: Climatic change on the Iberian Penin-
sula recorded in a 30,000-yr pollen record from lake Banyoles. Quaternary
Research 41, 91-98.

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

Prentice, I.C. 1986: Vegetation responses to past climatic variation. Vege-
tatio 67, 131-41.

Press, W.H., Teukolsky, S.A., Vetterling, W.T. and Flannery, B.P.
1992: Numerical Recipes in C: the art of scientific computing (second
edition). Cambridge: Cambridge University Press.

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

Reille, M., Andrieu, V. and de Beaulieu, J.-L. 1996: Les grands traits de
I’histoire de la végétation des montagnes méditerranéennes occidentales.
Ecologie 27, 153-69.

Riera, S. 1993: Changements de la composition forestiere dans la plaine



Mediterranean-type environments Special Issue: Vegetation history 653

de Barcelone pendant I’Holocene (littoral mediterranéen de la Peninsule
Iberique). Palynosciences 2, 133-46.

Rivas-Martinez, S. 1969: Vegetatio hispanicae. Notula 1. Publicaciones
del Instituto de Biologia Aplicada 46, 5-34.

Roberts, N. 1998: The Holocene. An environmental history (second
edition). Oxford: Blackwell.

Rodriguez, O. 1992: Human-plant relationships during the Copper and
Bronze Ages in the Baza and Guadix Basins. In Vernet, J.L., Les charbons
de bois, les anciens écosystemes et le role de I’homme, Paris: Bulletin de
la Société Botanique de France, 415-64.

Rodriguez de la Torre, F. 1985: Albacete en los textos geogrdficos ante-
riores a la creacion de la provincia. Madrid: Consejo Superior de Invest-
igaciones Cientificas.

Rodriguez de la Torre, F. and Cano, J. 1987: Relaciones geogrdfico-
historicas de Albacete. Albacete: Instituto de Estudios Albacetenses.
Rossignol-Strick, M. 1999: The Holocene climatic optimum and pollen
records of sapropel 1 in the eastern Mediterranean, 9000-6000 BP.
Quaternary Science Reviews 18, 515-30.

Sanchez-Goémez, P., Carrion, J.S., Jordan, J. and Munuera, M. 1995:
Aproximacion a la historia reciente de la flora y vegetacion en las Sierras
de Segura Orientales. Albasit 21, 87-111.

Scott, L. 1992: Environmental implications and origin of microscopic
Pseudoschizaea Thiergart and Franz ex R. Potonié emend. in sediments.
Journal of Biogeography 19, 349-54.

Shigesada, N. and Kawasaki, K. 1997: Biological invasions: theory and
practice. Oxford: Oxford University Press.

Sirocko, F., Garbe-Schonberg, D., McIntyre, A. and Molfino, B. 1996:
Teleconnections between the subtropical monsoons and high latitude
climates during the last deglaciation. Science 272, 526-29.
Soulié-Miirsche, I. 1993: Diversity of Quaternary aquatic environments
in EN Africa as shown by fossil charophytes. In Thorweine, U. and Schan-
delmeier, H., editors, Geoscientific Research in northeast Africa, Rotter-
dam: Balkema, 575-79.

Stevenson, A.C. and Harrison, R.J. 1992: Ancient forests in Spain: a
model for land-use and dry forest management in south-west Spain from
4000 BcC to 1900 AD. Proceedings of the Prehistoric Society 58, 227-47.
Stevenson, A.C. and Moore, P.D. 1988: Studies in the vegetational his-
tory of S.W. Spain. IV. Palynological investigations at El Acebron,
Huelva. Journal of Biogeography 15, 339-61.

Stuiver, M., Reimer, P.J., Bard, E., Beck, J.W., Burr, G.S., Hughen,
K.A., Kromer, B., McCormac, G., van der Plicht, J. and Spurk, M.
1998: INTCAL9S radiocarbon age calibration, 24,0000 cal BP. Radiocar-
bon 40, 1041-83.

Targarona, J. 1997: Climatic and oceanographic evolution of the Medit-
erranean Region over the last Glacial-Interglacial transition. A palynolog-
ical approach. Utrecht, LPP Contribution Series 7.

Taylor, D.M., Pedley, H.M., Davies, P. and Wright, M.W. 1998: Pollen
and mollusc records for environmental change in central Spain during the
mid- and late Holocene. The Holocene 8, 605-12.

Terral, J.F. and Arnold-Simard, G. 1996: Beginnings of olive cultivation
in eastern Spain in relation to Holocene bioclimatic changes. Quaternary
Research 46, 176-85.

Trabaud, L. 1980: Impact biologique et écologique des feux de végétation
su l’organisation, la structure et I’évolution de la végétation des zones de
garrigues du Bas-Languedoc. PhD thesis, University of Montpellier.
Tutin, T.G., Heywood, V.H., Burges, N.A., Valentine, D.H., Walters,
S.M. and Webb, D.A. 1964-80: Flora Europaea. Cambridge: Cambridge
University Press.

Valle, F., Gomez-Mercado, F., Mota, J.F. and Diaz de la Guardia, C.
1989: Parque Natural de Cazorla, Segura y Las Villas. Guia botdnico-
ecologica. Madrid: Rueda.

Van Geel, B. 1972: Palynology of a section from the raised peat bog
‘Wietmarscher Moor’ with special reference to fungal remains. Acta Bot-
anica Neerlandica 21, 261-84.

—— 1976: Fossil spores of Zygnemataceae in ditches of a prehistoric
settlement in Hoogkarspel (The Netherlands). Review of Palaeobotany and
Palynology 22, 337-44.

—— 1978: A palaeoecological study of Holocene peat bog sections in
Germany and The Netherlands, based on the analysis of pollen, spores
and macro- and microscopic remains of fungi, algae, cormophytes and
animals. Review of Palaeobotany and Palynology 25, 1-120.

Van Geel, B., Bohncke, S.J.P. and Dee, H. 1981: A palacoecological
study of an Upper Late Glacial and Holocene sequence from ‘De Borch-
ert’, The Netherlands. Review of Palaeobotany and Palynology 31,
367-4438.

Van Geel, B., Bos, J.M. and Pals, J.P. 1983: Archaeological and palaeo-
ecological aspects of a medieval house terp in a reclaimed raised bog area
in North Holland. Ber. Rijksd. Oudheidk. Bodemonderz. 33, 419-44.
Van Geel, B., Coope, G.R. and Van der Hammen, T. 1989: Palaeoecol-
ogy and stratigraphy of the Lateglacial type section at Usselo (The
Netherlands). Review of Palaeobotany and Palynology 60, 25-129.

Van Geel, B., Klink, A.G., Pals, J.P. and Wiegers, J. 1986: An upper
Eemian lake deposit from Twente, eastern Netherlands. Review of Palaeo-
botany and Palynology 46, 31-61.

Vila-Valenti, J. 1961: ‘Campus Spartarius’. Homenaje a C. de Mergelina
(837-844). Murcia: Junta de Gobierno de la Universidad de Murcia.
Watts, W.A. 1986: Stages of climatic change from Full Glacial to Holo-
cene in northwest Spain, southern France and Italy: a comparison of the
Atlantic coast and the Mediterranean basin. In Ghazi, A. and Francheti,
R., editors, Current issues in climate research, Sophia Antipolis: Proceed-
ings of the EC Climatology Programme Symposium, 101-12.

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

Wise, S.M., Thornes, J.B. and Gilman, A. 1982: How old are the bad-
lands? A case-study from south-east Spain. In Bryan, R. and Yair, A.,
Badland geomorphology and piping, Norwich: Geobooks, 259-78.

YIl, E.I. and Pérez-Obiol, R. 1992: Instalacion de los bosques deducida
a partir del andlisis polinico de un sondeo marino del Delta del Ebro
(Tarragona, Espaiia). Orsis 7, 21-30.

Yll, E.I,, Pérez-Obiol, R., Pantaleén-Cano, J. and Roure, J.M. 1997:
Palynological evidence for climatic change and human activity during the
Holocene on Minorca (Balearic Islands). Quaternary Research 48, 339—
47.



