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The evolution of the landscape surrounding the rivers of the Madrid basin during the Middle Pleistocene
is summarised in the present paper. Patterns of adaptation of human populations who settled on the
riverbanks have been established in this area through geoarchaeological data recovered from associated
deposits, mainly in the Manzanares and Jarama rivers. An exceptional paleoenvironmental record has
been documented for the last 379,000 years in the sequences studied in the centre of the Iberian
Peninsula. Pollen and non-pollen samples were studied in eight sequences obtained from different
sedimentary environments of two terraces, one located in the Manzanares river (Complex Terrace of
Butarque) and the other in the Jarama river (Complex Terrace of Arganda), both in Madrid (Spain). The
findings show the constant presence of Pinus, sometimes as the prevailing species, and Juniperus as an
element of the regional vegetation. The local vegetation is characterised by open Mediterranean forest
and riverside woodlands, which together with the aquatic taxa demonstrates the presence of water. The
occasional presence of deciduous forest taxa, probably related to riverside woodlands, suggest warmer
conditions. Ubiquitous taxa prevail among the herbaceous strata. These types of plants do not require
specific ecological conditions, but could suggest a certain degree of humidity and explain the low values
of xeric taxa and sub-continental steppe grasslands. The development of nitrophilous taxa, associated
with the presence of fauna, is consistent with the faunal remains recorded from the sites. However, the
pollen record shows changes in the structure of the vegetation in all sequences (progressive increase in
the tree component), as well as in the composition of the plant landscape (decrease of the Mediterranean
taxa and increase of xeric and steppe grasslands), due to temperature and humidity rate related changes.
Climatic oscillations are observed across the stratigraphic sequence, and discussed in light of the
archaeological evidence for the human occupation of inland Iberia.

© 2018 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

During the last decades the paleoclimatic studies, together with
the diversification of palaeoclimatic records and development of
accurate dating methods have allowed the reconstruction of the
main changing events with variable temporal resolution. These
records, together with advances in our knowledge of the mecha-
nisms that control climatic changes, have revealed the existence of
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an important natural variability in the system, which works at
different temporal scales (Mitchell, 1976; deMenocal et al., 2000;
Ruddiman, 2006; Battarbee et al., 2004; Mayewski et al., 2004;
Duplessy et al., 2005; Goosse et al., 2005; Nederbragt and Thurow,
2005; Crowley and Hyde, 2008; Fletcher and S�anchez Go~ni, 2008;
Rodrigo-G�amiz et al., 2013; Margari et al., 2010; Benito et al., 2015),
not only the geological scale, but also the orbital (~100,000 years),
sub-orbital (~10,000 years) and historic (~1000e100 years) scales
(K€ohler et al., 2010).

The knowledge of the climatic variability of the Quaternary,
which has been inferred from terrestrial sedimentary sequences, is
still limited, due to the scarce number of sequences and an
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inadequate chronological control. In some exceptional circum-
stances, favourable geological conditions have provided a relatively
unperturbed accumulation of sedimentary sequences, some of
which have been identified in Mediterranean Europe (e.g. Tzedakis
et al., 2006).

Analysing long chronological periods allows the study of
ecosystem dynamics in very different times, including climatic
circumstances similar to current ones, although with some partic-
ularities, such as the inclusion or not of the footprint of human
activity as a landscape modulating agent. However, in Southern
Europe there are barely any continental records which provide
palaeoecological information for the temporal interval between
MIS-11 and the Holocene (Tzedakis, 2010; Tzedakis et al., 2003,
2006, 2013; L�ezine et al., 2010; Volgel et al., 2010). This phenom-
enon becomes more noticeable in the Iberian Peninsula (IP), as
documented by Tzedakis et al. (2013). In the current scenario of
Global Change (Van Kolfschoten et al., 2003), the areas of the
Mediterranean region are more vulnerable to climatic dynamics
(Solomon et al., 2007), and therefore must be taken as a system
model in the geoscientific agenda.

In this conceptual framework, having the chance to observe the
dynamics of the vegetation for the last c. 379,000 years of history in
an area with virtually no data, such as the central area of the IP,
makes the sequences of the Manzanares and Jarama valleys an
exceptional record. This sequence is even more interesting as this
region is located in a Mediterranean area, and lacks the thermo-
philic biases that affect most meridional and coastal areas of the
Western Mediterranean peninsulae. Thus, the data obtained from
this record are unique with regard to their extent and temporal
resolution.

Research implemented during recent years on the Pleistocene
deposits of the Madrid Basin has allowed an initial approach to the
paleoenvironments developed in the valleys of theManzanares and
Jarama rivers, as well as to the adaptation of hominins to a fluvial
environment (Rubio-Jara et al., 2016). This data can be completed
with the reconstruction of the Pleistocene plant landscape, ob-
tained from a pollen analysis carried out on eight sedimentary se-
quences (Fig.1) located in the valleys of theManzanares and Jarama
rivers (Madrid). The purpose is to complete the knowledge of the
plant environment in the Middle Pleistocene in the central penin-
sular area, as well as to establish the climatic variability and its
peculiarities in the area, and provide an environmental framework
for the activities performed by human groups during the Pleisto-
cene in the valleys of the Jarama and Manzanares rivers (Baena
et al., 2002; Panera et al., 2010; Rubio-Jara et al., 2016).

2. Geographic location

The eight selected pollen sequences were obtained from
archaeological sites identified in fluvial deposits in the area where
the Manzanares and Jarama rivers come together (Fig. 1). In this
area, the fluvial valleys developed by those rivers are dissymmetric
and show several terraces of variable geometry and thickness
(P�erez-Gonz�alez, 1971; B�arez and P�erez-Gonz�alez, 2006;
Uribelarrea, 2008). The subsoil consists of Tertiary marl-gypsum
evaporitic materials, which when dissolved and gave place to
stacking and superposition of several terraces even thicker than
40m (P�erez-Gonz�alez, 1971), giving place to the so-called Complex
Terrace of Butarque (hereafter CTB), in the valley of the Manzanares
river (Goy et al., 1989), and to the Complex Terrace of Arganda
(hereafter CTA), in the river Jarama valley (P�erez-Gonz�alez, 1994).

CTB is probably made up by terraces at þ25e30 m
and þ18e20 m, which are sunken and the newest and the oldest
overlay each other. Alluvial plain deposits dominate the CTB. These
consist of sand bars which alternate with mud deposits associated
Please cite this article in press as: Gil-García, M.J., et al., Landscape evolutio
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with a flood plain (Carrillo et al., 1978; Silva, 2003). Four lithos-
tratigraphic units have been identified in the CTA: Arganda I, II, III
and IV (P�erez-Gonz�alez, 1980). The first three units could be related
respectively to terracesþ30e32 m,þ23e24myþ18e20 m (P�erez-
Gonz�alez and Uribelarrea, 2002), whereas the last corresponds to
lateral deposits to the Jarama river. Arganda I shows abundant flood
plain deposits together with sand bars, whereas Arganda II and III
consist mainly of gravel and sand bars, and to a lesser extent
clayish-mud deposits (P�erez-Gonz�alez, 1980; Arche, 1983).

Paleolithic lithic industry has been identified in all facies of CTA
and CTB. Additionally, macro-vertebrates have been identified in
the sand bars; macro and micro mammals, molluscs, fish,
amphibious, reptiles and birds have been recorded in the flood
plain facies (Rubio-Jara et al., 2016), where pollen of the plant
environment is well preserved (Manzano et al., 2010; Ruiz Zapata
et al., 2017). The many sites excavated in the area have revealed
some of the activities carried out by human groups during the
Pleistocene in a fluvial environment (Santonja et al., 1980; Yravedra
et al., 2010, 2012; Panera et al., 2014), as well as the surrounding
plant landscape. Numerical dating (Panera et al., 2011) is consistent
with the published biostratigraphic data (Ses�e and Sevilla, 1996;
Ses�e and Soto, 2000). Both provide a strong chronological frame-
work for the deposits of the valleys of the Manzanares and Jarama
rivers between the second half of the Middle and the first third of
the Later Pleistocene. Based on this data and with the purpose of
establishing the structure and evolution of the plant landscape, the
so-called pollen sequence JM-17 has been produced joining the
partial sequences obtained from the archaeological sites identified
in CTA and CTB.

3. Materials and methods

The following sites are associated with CTB: ETB (Estanque de
Tormentas de Butarque), ECUL (Estaci�on Depuradora de Aguas
Residuales de la Cuenca Baja del Arroyo Culebro), ESTRG (Estra-
gales) and PRERS (PRERESA) (Fig. 1). The evolutionary stage of
Microtus brecciensis in site H02 of ETB (Laplana et al., 2015), dates
this unit to theMiddle Pleistocene, later than Valdocarros. ECUL has
been dated to 133± 28 ka, 105 ± 10 ka BP (Silva et al., 2013) by
aminoacid racemisation (AAR) technique. The sample was taken
from a molar of Equus speESTRG has numerical dates obtained by
luminiscence, one TL of 107 þ 39/-22 ka BP and another one OSL of
de 122.1 ± 11.1 ka BP (P�erez-Gonz�alez et al., 2008). Lastly, in CTB,
the site PRERS (PRERESA) provides an optically stimulated lumi-
niscence (OSL) date of 84.1±þ5.6 ka (Yravedra et al., 2012), which is
consistent with the presence ofMicrotus cabrerae (Ses�e et al., 2011),
although the recently published data of ESR suggest that it could be
earlier (Moreno et al., 2018).

Four sequences have been analysed in CTA; two in Arganda I
(MQ-Ar1 and MQ-Ar1b sequences); one in the Valdocarros site
(VALC) of Arganda II; and another one in HAT site of Arganda IV.
Two dates obtained through AAR (Amino Acid Racemisation)
together with the evolutionary stage of the recorded micro-
mammals in the unit suggest that unit Arganda I was deposited in
MIS 11 (Panera et al., 2011). In the Valdocarros site (VALC) of
Arganda-II, the AAR analysis applied to two samples of two
consecutive sequences provides dates of 262± 68 ka and 254± 47
ka, respectively. These dates overlie each other along the period
between 255 ka and 269 ka (Panera et al., 2011) and would match
an interestadial at the end of MIS 9 or MIS 8, or early MIS 7 (Panera
et al., 2011). Based on these dates and the climatic needs of the
amphibian and reptile species retrieved from the four levels at the
Valdocarros site, the two lower levels have been assigned to MIS 8
and the two upper ones to MIS 7 (Blain et al., 2012). With regard to
Arganda-IV, the OSL dates indicate a beginning at 112±þ36e22 ka
n during the Middle and Late Pleistocene in the Madrid basin (Spain)
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Fig. 1. Location of pollen samples at the Manzanares and Jarama valleys in Madrid (Spain).
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and 85þ±18e13 ka (Torreblanca), 74 ± 16/-12.1 ka in HAT site and
74 ± 5 ka in Maresa (Panera et al., 2005), however the pollen se-
quences were discovered to be sterile. Only the top of the HAT site
(San Martín de la Vega), dating to 8± 0.7 ka (Holocene), provided a
complete pollen sequence.

Sampling was carried out in open trenches, which had been
previously cleaned from the lower to the upper area in order to
avoid contamination. The extraction of the pollen grains was car-
ried out according to standard policies (Coûteaux, 1977), consisting
of a chemical attack to the soil using acids and alkalies. The resul-
tant residue was treated with enrichment techniques with Thoulet
solution (Goeury and de Beaulieu,1979). The statistical treatment of
the data was executed using the software packages TILIA and TILIA
GRAPH (Grimm, 1987, 2004). The graphic representation, in this
case, is shown through a bar chart or Pollen Histogram (Fig. 2). The
establishment of pollen zones is based on an agglomerative divi-
sion carried out with the CONISS method (Grimm, 1987). The dis-
tance between the samples of each sequence has been
standardised, as well as the separation interval in each one of them.
The percentage of the arboreal and non-arboreal taxa (bushes and
herbaceous plants) has been calculated in relation to the base sum
or total sum of the pollen. This sum enables the establishment, and
therefore the comparison, of the relationship between AP (tree
pollen) and NAP (bushes and herbaceous plant pollen), which
Please cite this article in press as: Gil-García, M.J., et al., Landscape evolutio
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define the structure of the vegetation for each sample. However,
the percentages of aquatic taxa and spores have been calculated
over the total sum, so these more local elements do not interfere in
the reconstruction of the plant landscape. A Principal Components
Analysis (PCA) was also executed in order to establish the rela-
tionship between the vegetation and its climatic (paleoenvir-
onmental) implications. To this effect, the most significant taxa of
the sequence JM-17 were chosen (Fig. 3). All these taxa, except
Pinus and Cupressaceae, are shown grouped according to their
ecological requirements; this is Mesophilic Forest, Mediterranean
Forest and Steppe Plants. Finally, a synthetic representation of the
pollen content of each sequence has been performed, relating it to
the dO18 curve (Fig. 4).

4. Results

All the eight analysed sequences, except the ones from PRERS
(CTB), are rich in well preserved pollen, and show more than
reasonable values in taxonomic diversity.

The peculiarities and differences of each sequence (Table 1)
highlights specific facts related to the plants dynamics. In sequence
JM-17, a total 44 taxa have been identified, of which 12 are arboreal,
three bushy and 29 herbaceous, together with eight aquatic ele-
ments, as well as monolete and trilete spores. The AP-NAP ratio
n during the Middle and Late Pleistocene in the Madrid basin (Spain)
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Fig. 2. Detailed pollen histogram of pollen samples.

Fig. 3. ACP of the samples and selected pollen ensembles.
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Fig. 4. Synthetic pollen diagram.
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determines a clear superiority of the arboreal component, due to
the development of the pine forests and to a lesser extent of the
Cupressaceae; besides, the presence of a local forest has been
identified, in general scarcely developed and constituted by Med-
iterranean taxa (evergreen type Quercus and Oleaceae), Mesophilic
(Betula, Castanea, Corylus and evergreen type Quercus), as well as a
riverside woodland (Alnus, Salix and Ulmus). The bushy stratum
does not play a relevant role among the plants. The continuous
presence of several types of thicket (Ericaceae, Rosaceae y Cista-
ceae) can be observed in all sequences. The herbaceous ensemble
becomes occasionally dominant in part of some sequences or in the
whole, as in ESTRG, although in general the ensemble shows a very
similar composition, defined by the superiority of Asteraceae,
Poaceae and Chenopodiaceae. The development of poaceae is
remarkable in ESTRG, as well as in ETB. More specifically, the
presence of Artemisia, Plantago and Rumex, together with a rela-
tively varied ensemble of more ubiquitous taxa, is outstanding. Two
large groups of herbaceous plants have been defined on the basis of
the prevailing taxa: Xerophile (Asteraceae and Poaceae), and
Please cite this article in press as: Gil-García, M.J., et al., Landscape evolutio
vegetation dynamics and human activity in the Jarama-Manzanares rive
https://doi.org/10.1016/j.quaint.2018.02.034
Steppe (Artemisia, Chenopodiaceae and Ephedra), whose develop-
ment responds to a higher or lower availability of water. The
geological substrate is dominated by Terciary evaporitic materials
(salina), which provides optimal conditions to the water and the
environment for the development of gypsophile plants. This would
explain the low levels of diversity detected in the pollen analysis, as
well as the concentration of micromammals in these areas (Panera
et al., 2014). Aquatic taxa (Cyperaceae, Epilobium, Juncaceae, Myr-
yophillum, Nymphaceae, Ranunculaceae and Typha), are recorded
in almost all sequences, although in low percentages, suggesting
the presence of areas subject to accumulation of water associated
with floodplain environments. They are absent in the VALC
sequence, probably due to the fact that the analysed deposits were
the result of the silting up of an abandoned meander. Nevertheless,
in the case of the PRERS sequence, this lack of aquatic taxa could
suggest certain shortages in the availability of liquid water, as is
suggested by the low diversity of the floral landscape from the
pollen content (Fig. 2).

The low representation of the Nitrophilous herbaceous
n during the Middle and Late Pleistocene in the Madrid basin (Spain)
rs (Madrid) during the Pleistocene, Quaternary International (2018),



Table 1
Synthetic pollen information of the JM-17 sequence.

POLLEN/Vegetation CLIMATE/Palaeoenvironment

JM-17 sequence (Jarama and Manzanares fluvial plain, Madrid)

44 taxa, (12 arboreal, 3 shrub and 29 herbaceous), 8 aquatic taxa and Spores

HAT: (80 ka)
AP increase (Pinus, Cupressaceae, Oleaceae and Ulmus) Warm

HumideDryAsteraceae, Aquatic taxa. Decrease NAP diversity

PRERS: (84.1± 5.6 ka)*

AP development (Pinus and Cupressaceae) ColdeHumid/Dry
HumideCool
DryeWarm

Non Mesophile; River and Mediterraneand AP presences
Dominance of Chenopodiaceae and Asteraceae.
Non Nitrophilous and Aquatics

ESTRG: (107± 22 ka and 122± 11.1 ka)
Lower values of AP; Increase, Mesophile and River taxa HumideCold
Non Mediterranean taxa. Highest diversity
Higher values of Chenopodiaceae, Asteraceae and Poaceae.

ECUL: (133± 28 ka and 105± 10 ka)
Pinus decrease, Cupressaceae and Ulmus Increase HumideCool
Lower values of Mediterranean and No Mesophile AP.
Dominance of Asteraceae, Poaceae, Plantago and Aquatics

ETB: (>125 ka)
AP dominance (Pinus) Dry

WarmMesophile, Mediterranean and River AP presence
Non Cupressaceae and Aquatics.
Dominance of Poaceae, Chenopodiacee, Asteraceae
Increase of herbaceous diversity

VALC: (254 ka)
Regression of Pinus, Non Cupressaceae Warm

HumideDryDominance of Mediterranean forest, Rosaceae and Rumex
Highest diversity

MQ-Ar1b: (332± 38 ka)
AP (Pinus e Cupressaceae) decrease Humid

WarmeColdIncrease River forest and Aquatic plants
Dominance of Artemisia and Asteraceae

MQ-Ar1: (379± 45 ka)
Increase of AP Warm

HumideDryPinus e Cupressaceae dominant. Decrease of AP Mesophilous
Chenopodiaceae

(*) New dates place its formation in MIS-6. With regard to pollen, it represents a cold stadium. The taxonomic sequence
shows higher consistency during this period.
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assemblage (Plantago, Rubiaceae, Rumex, Urtica and Polygonaceae)
is outstanding, taking into consideration that the palaeontological
record of the sequences reveals the presence and nature of ele-
ments responsible for providing the soil with nitrogen (Rubio-Jara
et al., 2016, Ses�e and Soto, 2000, 2011). Finally, of note is the uneven
development, both quantitatively and qualitatively, of the ubiqui-
tous herbaceous plants, virtually absent in PRERS and HAT se-
quences, as their diversity could point to the establishment of few
adverse conditions.

Assessing the sequence as a whole, the development of the pine
forest and its switch to Cupressaceae is remarkable, as well as its
higher representation in theMQ-Ar1, MQ-Ar1b and HAT sequences.
Lower percentages are shown in the ECUL, ESTRAG and PRERS se-
quences, whereas in VALC and ETB, Cupressaceae are virtually ab-
sent. The development of the local forest, Mesophile, can be seen in
the MQ-Ar1, MQ-Ar1b, VALC, ETB and ESTRG sequences, whereas it
is absent in ECUL, PRERS and HAT. On the contrary, the Mediter-
ranean forest becomes especially important in VALC and ECUL, and
from this moment on it starts to dominate the Mesophile forest.
Altogether, the composition reveals the establishment of
Please cite this article in press as: Gil-García, M.J., et al., Landscape evolutio
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Mediterranean conditions, with fluctuation in temperature and
humidity rates. This is defined by the development of the riverside
woodland and to a lesser extent by the development of the aquatic
taxa.

An ACP with all the samples has been carried out in order to
establish the pattern of the changes which occurred. Pinus and
Cupressaceae have been added to the analysis because of their
representation in the landscape and the ensembles that define the
local Mesophile, Mediterranean and Riverside forests. Six compo-
nents have been obtained (Fig. 3), of which the first two explain
47.10% of the data variability, and have turned out to be highly
significant when grouping the samples, in each quadrant defined
by one specific flower group. From the data extracted, it can be
summarised that the component 1 discriminates according to the
humidity rate (low on positive values and high on negative ones), as
opposed to component 2, whose discrimination is based mainly on
temperature (warmer on positive values than on negative ones).
Thus, each quadrant implies certain climatic conditions, which are
defined by the samples (Fig. 3a). In order to show the weight of
each component on the samples, the values of such weight along
n during the Middle and Late Pleistocene in the Madrid basin (Spain)
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the total sequence obtained has been represented through curves
(Fig. 3b), making it easier to locate each sample, which is identified
by the positive or negative value of each component within its
quadrant, and allows to delete the number in the original graphic.

On another note, each sequence has been identified with a
colour and a geometric figure, which refers to its age. The quadrant
or quadrants where the samples of each profile are located are
identified with the appropriate symbol (Fig. 3c). Thus, with the
global distribution of the samples of each sequence in the quad-
rants, the evolution of the prevailing conditions has been deter-
mined from a climatic point of view. It has been stated that during
the oldest Middle Pleistocene identified in the area (MIS 11e9), the
samples of sequences MQ-Ar1 and MQ-Ar1b fluctuate in both cases
over the positive values of component 1: this is to say, under drier
conditions. However, with regards to component 2, the location is
distributed between positive and negative values, which points to a
transition from initial warm conditions to a later cooling in
sequence MQ-Ar1. Afterwards, a new rise in temperature is
observed in sequence MQ-Ar1b.

The samples from the VALC sequence, which has been defined
as an interestadial within the cold stageMIS-8 or MIS 8/7 transition
(Blain et al., 2012), fluctuate between positive and negative values
of component 1. In other words, fluctuations in the humidity rate
are shown. However, all fluctuations are located within positive
values in component 2, which reveals warm conditions. This also
proves the identification of quadrant (II) as the nearest climate
optimal stadium.

All samples from the ETB sequence (Complex Terrace of Butar-
que), dated to the Middle Pleistocene, are located within quadrant
(I), which relates to a progressive loss of humidity.

The ECUL sequence, dating to the Late Pleistocene, is located
within quadrants II and III, and, as well as ESTRG, is also present in
quadrant I. This occurred in response to a great humidity, which
evolved towardswarmer and drier conditions, inheriting themodel
defined to the end of the Middle Pleistocene and trending towards
80 ka. This is reflected in the PRERS sequence, given that its samples
are located within quadrant III, characterised by humid cold, to the
end of MIS-5. The Holocene (HAT) is distributed in quadrants II, III
and IV. It is consistent with the temporal order that proves the
transition to relatively drier conditions.

Finally, the paleoenvironmental and paleoclimatic changes
which occurred in the JM-17 sequence, during the Middle and Late
Pleistocene, are assessed in more detail. The representation of the
percentage data of Cupressaceae, as well as the ensembles of steppe
plants, and Mesophile and Mediterranean forests has been used for
this purpose, expressed through curves and arranged by pairs
(Fig. 4). The same graphic scale has been kept for all figures. This
scale expresses the maximum percentage reached, thus raising the
weight and leaving the numeric value unaltered. These curves are
then comparedwith the dO18curve of the benthic foraminifers from
the North Atlantic drilling ODP-980 (from the NOAA Paleoclima-
tology Program, andMcManus et al. (1999), in order to establish the
relationship between plant landscape and climate).

Thus, we have a relatively dry environment, warm or cool,
dominated by steppe plants alternating with Cupressaceae. How-
ever, in the early MQ-Ar1 sequence, fluctuations in the vegetation
due to climatic variations can be observed. At first, the develop-
ment of Betula,Quercus decidious and Alnus reveal warm conditions.
Later these three taxa retreat and disappear, while a simultaneous
rise in the levels of Cupressaceae suggests colder conditions. Later, a
rise in temperature allows a limited development of Oleaceae. A
similar spectrum can be seen in the MQ-Ar1b sequence (332± 38
ka), however on this occasion the percentages of steppe plants and
Cupressaceae are not too high. This proves that conditions were not
extreme, and the presence of Mesophile forest was constant.
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Circa 254± 47e262± 6.8 ka (VALC), the pollen spectrum shows
an important shift in the development and makeup of the plant
assemblage, firstly materialised by a remarkable drop of the pine
forest (Fig. 2) and the development of steppe plants (Figs. 2 and 4),
during the end of MIS 8. Afterwards, an expansion of a local type of
forest takes place. Mediterranean elements thrive in this forest,
Oleaceae and Quercus evergreen, and alternate with Mesophile el-
ements. The expansion of the deciduous Quercus (which reaches
the maximum value of the whole sequence) stands out as result of
the establishment of warmer and relatively humid conditions,
probably related to MIS 7.

Before 125 ka (ETB), the plant landscape follows a pattern
similar to that of the earlier sequence, although steppe plants
spread and dominate. A regression of the forests can be observed
and taxa such as Cupressaceae, Quercus decidious, Oleaceae and
Quercus evergreen even disappear, pointing to a drop in tempera-
ture. The Mediterranean forest then starts spreading due to the
temperature drop, as it is recorded only in the upper part of the
sequence. This sequence is found inMIS-6 and reflects the response
of the plants to a considerably cold short event.

The sequences of the Late Pleistocene are characterised by a
remarkable climatic variability, defined by fluctuations of warm,
dry/humid and colder phases. They begin in the ECUL sequence
(133± 28 ka 105± 10 ka) with the presence of Cupressaceae and
Mediterranean forest, together with a virtual lack of Mesophile
forest, although Ulmus is identified. This is to say, the floral
composition and the dominant taxa percentages seem to be far
fromwhat should be expected in an interglacial period such as MIS
5. Additionally, steppe plants are well developed, which confirms
the drop in the humidity rate.

The humidity rate recovers during the ESTRG sequence
(107± 22 ka and 122± 11.1 ka), whose pollen spectrum is charac-
terised by the expansion of the Mesophile forest. However, Quercus
decidious is not found, there is a drop of Cupressaceae and aquatic
taxa experience a greater development. This recovery is disrupted
in the PRERS sequence (84.1± 5.6 ka), whose pollen spectrum is
characterised by the fluctuations of Xeric plants and Cupressaceae,
as well as by an almost total absence of local forest. Furthermore,
the lower percentages of Pinus, as well as the lower diversity, reveal
the establishment of cold and dry conditions. This is the trend c. 80
ka, as is represented in the PRERS sequence by humid cold condi-
tions to the end of MIS-5. Finally, the HAT sequence (Holocene)
reflects the transition from a warm-humid-cool climate to a warm
and dry one, indicating the establishment of Mediterranean con-
ditions in the area.

5. Discussion

The sequences represented in this chronological framework
fulfil the global standards concerning the higher or lower devel-
opment of the tree component in relation to the type of isotopic
stadium, whether odd or even. Its composition fits with the char-
acteristics of the latitude band where the sequences are located, as
well as with the strong continental nature of the study area. In this
respect, the composition, evolution and pattern of the landscape
changes show a strong parallelism with works carried out in the
past over deposits equally associated with fluvial environments in
nearby areas. Thus, in the Middle Pleistocene, the archaeological
site of Ambrona (Ruiz Zapata et al., 2005; P�erez-Gonz�alez, 1994),
probably dating to MIS-11 (Falgu�eres et al., 2006), shows a clear
dominance of tree plants, due to the expansion of the pine forest
together with local forest, mainly Mesophile, whose pattern is very
similar to that identified during the MQ-Ar1 and MQ-Ar1b se-
quences. This data is also consistent with that obtained from the sea
drill MD01-2447, from the NW of the Iberian Peninsula (Desprat
n during the Middle and Late Pleistocene in the Madrid basin (Spain)
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et al., 2005). Although the four phases have not been identified,
there are records of an initial warming phase where birch type, oak
and alder trees develop, followed by a later drop in temperature
which caused the above tree taxa to grow backwards in theMQ-Ar1
sequence (fluvial sequence Arganda I at Jarama). The expansion of
Mediterranean plants which is recorded subsequently in the MQ-
Ar1b sequence (fluvial sequence Arganda I at Jarama), would
relate to a temperature rise during the summer, linked to the start
of a climatic optimum. The pollen spectrum of the VALC sequence
(fluvial sequence Arganda II at Jarama), whose prevailing charac-
teristic is the lower representation of pine forest associated with
the higher presence of Mediterranean forest, shows great similar-
ities with the spectra of the pollen sequences from the Tagus valley
(Toledo), clearly related to zones I-II of the Pinedo sequence (Martín
Arroyo, 1998; Martín Arroyo et al., 2000; Ruiz Zapata et al., 2004),
and GI/II of Galería (Atapuerca, García Ant�on and Sainz Ollero,1991;
Rodríguez et al., 2011). The development of Quercus decidious
together with that of the Mediterranean forest, which reaches the
highest ratio, reveals that this forest stage is the warmest period of
MIS 9 in central Iberia. Such forest expansion and climatic
improvement identified during MIS 9 are commonly recognized in
the pollen sequences from Southern Europe, such as Tenaghi
Philippon (Tzedakis et al., 2003; Wijmstra and Smit, 1976) and
Praclaux (Reille and de Beaulieu, 1995; Reille et al., 2000), as well as
in the pollen record from the SW Iberian margin MD01-2443
(Tzedakis et al., 2003b; Roucoux et al., 2006), MD03-2697
(Desprat et al., 2009) andMD99-2331 (Naughton et al., 2007, 2009).

With regard to the Middle Pleistocene, there is information for
MIS 6 in the ETB sequence (CTB). According to this a substantial
regression of the forest occurs, pointing to a noteworthy cold event.
Our data is consistent with what has been observed in central Spain
(Blain et al., 2012, 2017; Laplana et al., 2015).

With regard to the Late Pleistocene, there is data for the MIS 5 in
the ECUL sequence (Butarque Complex Terrace) which shows the
development of Mediterranean and steppe taxa. This suggests that
this is not a temperature and humidity optimum, as the plant
model of this area is not consistent with the prevalence of decid-
uous plants recorded in the European sequences, but with the
expansion of the Mediterranean taxa associated with termophile
coastal areas of the southern Iberian Peninsula (Carrion, 1992;
Fern�andez et al., 2007). Oaks are also absent in the ESTRAG
sequence (Butarque Complex Terrace), in which a rise in humidity
is recorded, as well as a slight rise of Mesophile taxa. Final MIS 5 has
been recorded in the PRERS sequence (Butarque Complex Terrace),
where tree taxa suffer a general regression, which suggests cold
and dry conditions. Obviously, this plant ensemble and its per-
centages is not consistent with models known so far in the Euro-
pean pollen sequences for Eemiense or MIS 5e (Follieri et al., 1988;
Pons and Reille, 1988; S�anchez-Go~ni et al., 1999; Tzedakis et al.,
2003; Müller et al., 2003). In any case, Mediterranean climatic
areas with such a strong continental influence as our research area
are unknown in the rest of Europe.

Therefore, the Late Pleistocene sets a transition from a Medi-
terranean to a Mesophile forest with little pine forest, similar to the
one defined in zone IV of the Pinedo sequence (Martín Arroyo et al.,
2000; Ruiz Zapata et al., 2004), as well as in the Camino pollen
sequence (Pinilla del Valle) (Arsuaga et al., 2012). In the Pinilla del
Valle sequence, a progressive loss (both qualitative and quantita-
tive) of the forest cover is recorded, as well as the presence of
xerophyte taxa and a gradual loss of nitrophilus plants, becoming
similar to the PRERS spectra.

A continental Mediterranean regime can be established as the
dominant one in the centre of the Iberian Peninsula. It responds to
the climatic optimal with greater development of the local forest,
usually with Mediterranean characteristics, and also of aquatic and
Please cite this article in press as: Gil-García, M.J., et al., Landscape evolutio
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riverside woodlands. In areas with higher humidity rates such as
the north of the Peninsula and northern Europe, plants show
similar evolution structures. The European ensembles cannot be
compared to those recorded in the centre of the Iberian Peninsula
because their geographic locations imply important differences
both in bioclimatic terms and in plant composition. These land-
scapes with lower diversity are those where human groups of the
second half of the Middle and first third of the Late Pleistocene find
the necessary resources for their survival.
6. Conclusions

The results obtained from the Manzanares and Jarama rivers
sequences point to a high pollen variability during c. 379,000 years
of paleoenvironmental history of the area. In general, the data
recorded so far is consistent with the climatic changes recorded to
millenial/multimillenial scale, although some local and/or regional
particularities exist.

In general, the following conclusions can be stated with regard
to the variation of landscapes, climatic implications and resources:

- Pinus and Cupressaceae are the main elements of the regional
landscape, together with a local forest, whether Mesophile or
Mediterranean, depending on temperature and humidity rate.

- The behaviour of the aquatic and riverside taxa, in relation to the
availability of liquid water, is used to determine fluctuations in
the humidity rate.

- The peculiarities of each period studied can be summarised as a
higher development of the mesophile forest during the Middle
Pleistocene, which gives place to a prevalent Mediterranean
forest during the Late Pleistocene.

- The reconstruction of landscape and resources shows:
o The existence of a fluvial environment according to the
development of the riverside woodlands.

o The greater or lesser permanence of marsh areas according to
the development of aquatic taxa.

o Taxa traditionally associated with certain dryness (steppe)
can sometimes respond to conditions given by the quality of
the water regarding salinity.

o Presence of lithic industry indicates proximity of human
settlement.

- The climatic variability of MIS 11 has been identified as an initial
warmer period followed by a colder one and a subsequent
warmer period in the MQ-Ar1 and MQ-Ar1b sequences
(Arganda I in ACT).

- The VALC sequence (Arganda II, in ACT) provides a reconstruc-
tion of the plant changes during MIS 8e7. The shift period be-
tween both stadia has been recorded by the substitution of xeric
herbaceous plants for a local forest associated with a climatic
optimum, probably MIS 7.

- A period of intense cold has been recorded in the ETB sequence
(Complex Terrace of Butarque). There is a clear regression of the
forest, and some taxa such as oak, Holm oak and Oleaceae even
disappear.

- The plant model of our study area during MIS 5 responds to an
expansion of the Mediterranean taxa, associated with thermo-
philic coastal areas of the southern Iberian Peninsula for the
ECUL sequence, slightly more humid in the ESTRAG sequence
and colder and drier in the PRERS sequence.

- Finally, the Holocene starts with an abrupt change to the plant
environment, showing regression of the mesophile taxa and
lower diversity. This is not the expected response of the vege-
tation for this period, suggesting that no-climatic factors, such
as cattle grazing, could be responsible for this situation.
n during the Middle and Late Pleistocene in the Madrid basin (Spain)
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