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Palynological investigations in the Orce Archaeological Zone (OAZ) (Guadix-Baza Basin, Granada, Spain), Venta
Micena 1 (VM1), Barranco León (BL) and Fuente Nueva 3 (FN3) are presented. This archaeological region is con-
nectedwith thefirstHomo populations inWestern Eurasia during the Early Pleistocene. The VM1pollen record is
characterized by Ephedra, and to a lesser extent, Pinus, Juniperus and evergreen Quercus, occassionally accompa-
nied byOlea, Genisteae, Erica, deciduousQuercus, Alnus, Castanea, Fraxinus, Salix and Phillyrea. BL is dominated by
Juniperus, Olea, Pinus, Poaceae, and evergreenQuercus. FN3 is characterized by an openMediterraneanwoodland
dominated by evergreen Quercus, Pinus, Juniperus and Olea, accompanied by deciduous Quercus, Castanea,
Populus, Salix, Ulmus, Fraxinus, Pistacia, Phillyrea, Genisteae, Erica, Cistus, and Ephedra fragilis. Relic Tertiary taxa
inOAZ includeCarya, Pterocarya, Eucommia, Zelkova, and Juglans. The Early PleistoceneOAZ vegetation is amosaic
of different landscapes embracing mesophytes, thermophytes, xerophytes, xerothermophytes, and Mediterra-
nean elements. These finds are compared with former pollen analyses in the region and beyond within the Ibe-
rian Peninsula.

© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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1. Introduction

This paper provides palynological investigations performed in
the Orce Archaeo-paleontological Zone (OAZ) and discusses their
. This is an open access article under
implications in palaeoecological and phytogeographical contexts. Except
for an attempt carried out by Jiménez-Moreno at the beginning of this
century (Jiménez-Moreno, 2003), previous efforts to find pollen in
these localities were unsuccessful, such as is often the case with archae-
ological and continental paleontological sites (Carrión et al., 2009). Not-
withstanding the difficulties, attemping new pollen analyses in the OAZ
wereworth the effort due to the exceptional nature of theOAZ and to the
the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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scarcity of palaeobotanical data of Early Lower Pleistocene in southwest-
ern Europe (e.g. Leroy, 1997; Postigo-Mijarra et al., 2007; Agustí et al.,
2018; Altolaguirre et al., 2019, 2020, 2021). Furthermore, our experience
with archaeopalynology points out that sterility is not always ubiquitous
within the excavation area of a given site (Carrión et al., 2009).

The OAZ is located at the NE of the Guadix-Baza intramontane basin,
found at the SE Iberian Peninsula. This basin was a Mediterranean–
Atlantic gateway that at the Messinian-Zanclean interval (Hüsing
et al., 2010) was infilled with continental sediments until the Middle
Pleistocene (Fig. 1). The current landscape is composed of hills, deep
gorges, and ravines, populated by vegetation typical of dry Mediterra-
nean climate, which is often characterized by vast treeless areas. How-
ever, this landscape was very different during the Early Pleistocene
due to the presence of a lacustrine-palustrine system and plausibly dif-
ferent climatic conditions.

An outstanding feature in the Early Pleistocene Guadix-Baza sub-
basin was the existence the large saline basin, the Baza lake, whose cy-
clical retraction provoked the emergence of freshwater springs, ponds
and pools, with associated increases in biodiversity (Granados et al.,
2021) and known as the Orce wetlands (Martínez-Monzón et al.,
2022). Lake sedimentary architecture was also ruled by the different
sedimentary accumulation rates, being reduced at the passive basin
margins and being expanded at the basin depocenter (tectonic active
Fig. 1. Location of the Orce Archaeological Zone (OAZ) s
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margin to the east of the Baza fault (Haberland et al., 2017). Such phys-
iographical changes, including subsequent erosive events, are linked to
the occurrence of at least 15 Pleistocene sites that have yielded remains
of extinct mammals (Maldonado-Garrido et al., 2017). Among these,
three OAZ sites are highlighted for their wealth in palaeontological
and archaeological remains: Venta Micena (VM), Barranco León (BL)
and Fuente Nueva 3 (FN3) (Figs. 1–5). There are no accurate agemodels
for the sedimentary sequences that occur in those sites, nonetheless, ac-
cording to geo- and biochronological information, the oldest one is VM,
followed by BL and the youngest being FN3. VM numerical dates have
been obtained using combined U-series/ESR method on ungulate
teeth (Duval et al., 2011). The estimated temporal range is 1.37 ±
0.24 Ma. However, the presence of Allophaiomys ruffoi (Agustí et al.,
2010) and Soergelia minor are interpreted as indicative of a c. 1.6 Ma
age for VM. On the other hand, BL has different numerical dates accord-
ing to the stratigraphic level dated. In this case, the dating technique ap-
plied was ESR on optically bleached quartz grains, giving ages
encompasses between 1.2 ± 0.09 Ma in the upper part, and 1.88 ±
0.19 Ma at the base. D1 and D2 yielded an age of 1.46 ± 0.17 Ma
(Toro-Moyano et al., 2013). The presence of A. aff. lavocati and the ab-
sence of S. minor and the presence of Equus sussenbornensis in levels
D1 and D2 are indicative of a younger age (Rook and Martínez-
Navarro, 2010) for those two levels of BL. Lastly, FN3 was dated, as
ites in the Guadix-Baza Basin of southeastern Spain.



Fig. 2. Excavation sites studied for pollen: (a) Barranco León (BL), (b) Fuente Nueva 3 (FN3), (c)Barranco de los Zagales, Venta Micena 1 (VM1). (d) Sierra de María-Los Vélez mountain
range in the southern margin of the Guadix-Baza Basin.
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VM, by the means of combined U-series/ESR method (Duval et al.,
2012). Results for a horse tooth sample from level 5 yielded a range of
1.19±0.21Ma. The younger age for FN3with respect to BL is supported
by the evolutionary stage of Mimomys savini (Lozano-Fernandez et al.,
2015). In addition, paleomagnetism reveals Pre-Jaramillo subchron
ages for FN3 and BL (Oms et al., 2000).

VM is a deposit which has yielded several nearby palaeontological
sites. Among them, two rich macrovertebate fossiliferous sites stand
out, VM3 (e.g. Palmqvist et al., 2022) and VM4 (Luzón et al., 2021).
However, none of them have provided abundant microvertebrate re-
mains. On the contrary, VM1was fertile in such remains, specially in ro-
dents (Agustí et al., 1987). From a stratigraphical point of view, the VM
section is composed by 6 units (A to E, see Granados et al., 2021) being
Unit C the richest. This unit is subdivided into 3 intervals. Unit C0 is com-
posed of sandy-micritic materials while C1 and C2 are composed of
micritic limestone. Unit C is visible along the Barranco de los Zagales,
the ravine at the head of which the VM1 section is located (Figs. 2, 3).
The VM1 section is rich inmicroinvertebrates and represents a freshwa-
ter pond (Granados et al., 2021). VM3 andVM4 are very similar in terms
of geological and sedimentological characteristics (Granados et al.,
2021), with fossil remains resting on two different palaeosurfaces in
VM4 (Luzón et al., 2021). Nevertheless, they exhibit interesting differ-
ences from a taphonomical point of view. While VM3 has been charac-
terized as a hyaenaden (vg. Arribas and Palmqvist, 1998), VM4has been
recently interpreted as a marginal area where more biotic agents acted
(Luzón et al., 2021, although see Palmqvist et al., 2022).
3

BL is a succession including 10 litostratigraphical units (A, B, C, D1,
D2, F1–F2, E1–E2 and G) (vg. Oms et al., 2011) and two levels with ev-
idences of anthropic activities (vg. Toro-Moyano et al., 2009, 2011,
2013; Espigares et al., 2019; Titton et al., 2018, 2020, 2021) (Fig. 4).
D1 and D2 are two distinct levels, although the name may suggest
that they are two sublevels. D1, the oldest, provided a deciduous man-
dibular tooth that represents the oldest hominin fossil evidence from
the westernmost part of Eurasia (Toro-Moyano et al., 2013). The D1
level is the result of a combination of a primary and a secondary deposit
that includes materials brought by a flash flood event and others mate-
rials deposited in situ (Titton et al., 2021). Level D2 findings differs from
level D1 in that is basically in situ sedimentation. Lithic industry is found
at level D2 (Titton et al., 2021), and at level D1 and was knapped using
two main raw materials: flint and limestone, and the presence of
subspheroids is indicative of a late Oldowan (Titton et al., 2020). The
use of small-sized flakes to cut meat from the carcasses of large mam-
mals has been attested (Yravedra et al., 2022) in a presumed develop-
ment of a variability of subsistence strategies within a scenario of
interaction with other carnivores, with scavenging activities and possi-
ble primary access to carcasses.

FN3 is the most complex site from a stratigraphical point of view
(Fig. 5) comprising 12 levels (Oms et al., 2011) of which level 5 has
been the most studied. This level embraces remains of lithic industry
(Toro-Moyano et al., 2009, 2011, 2013; Barsky et al., 2015, 2018), ex-
tinct fauna (vg. Ros-Montoya et al., 2021) and human activity on faunal
remains (Espigares et al., 2019; Yravedra et al., 2022). Level 2 is also rich



Fig. 3. Lithostratigrafical units and section sampled for pollen analysis in VM1.

Fig. 4. Lithostratigrafical units and sections sampled for pollen analysis in BL.
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in archaeological and palaeontological finds. As in BL, the stone tools
were knapped on flint and limestone.
Fig. 5. Lithostratigrafical units and sections sampled for pollen analysis in FN3.
2. Geological setting

2.1. Venta Micena

The stratigraphical succession of Venta Micena (VM) has been de-
fined from five different correlated sections [VM1, VM2, VM3, VM4
and VMX (= Venta Micena – Mushroom Cave)] (Granados et al.,
2021). Six units have been described in VM. Unit A is visible at
VMX and composed by dolomitic marls and micritic dolostones.
The presence pedogenic features such as root bioturbation and the
relatively poor content of invertebrates are indicative of important
subaerial exposure. Unit B is also present at VMX and consists of
bioclastic sands, marls and mudstones. Unit C is divided in 3 parts.
C0 is consisted of whitish sandy micritic limestone that is locally
greenish and blackish (the last one only visible at VM1). The upper
part of Unit C is micritic known as VM limestone contains the
macrovertebrate sites and has a thickness of around 1.5 m. Specifi-
cally, the lower half of the VM limestone (interval C1) contains fossil
bones, with more than 50 elements per m2, while the upper half (C2)
is rather poor in fossil bones. It has been documented that the bones
rest on the relief of two paleosurfaces (Luzón et al., 2021), indicating
that they accumulated during two phases followed by micritic mud
depositions. Generally, no invertebrate fauna is found in unit C, ex-
cept in some sections such as section VM1, containing ostracods, gas-
tropods and charophyte gyrogonites. Unit D contains muddy
limestones interbedded with sandy marls, dolostones and marly
dolostones. Some levels in this unit show traces of pedogenic fea-
tures. Unit E is a sequence of calcareous-dolomitic marls and
marly-sandy dolostones alternating with facies of sands and gravels
with cross-stratification.
4

2.2. Barranco León

The stratigraphy sequence of this site is composed by the nine levels
(Anadón et al., 2003; Anadón andGabàs, 2009; Oms et al., 2011). Level A
is a sequence of beige calcsiltites to calcarenites. Level B contains black
and dark green feldspar quartz muddy sands. Level C is beige calcsiltites
to calcarenites. Level D1 is composed by greyish gravels with a sandy
matrix deposited during a flashflood episode. This level contains the
most of the macrovertebrate fossils and the human knapped lithics. It
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is worth to note that a part of them, mainly those deposited on the
lower part of the layer are in a secondary position. Nevertheless, in
situ bones and lithics are also documented (Titton et al., 2021). Level
D2 comprises greyish quartz-bioclastic sands, ending in whitish lime-
stones. This level also contains large mammal fossils and lithic tools in
primary position. Level E is formed by fine-to-medium-grained quartz
and feldspar sands, with reddish, brown and greenish colorations. Sub-
level F1 is a layer of black sandymudstones. Sublevel F2 is a sequence of
bioclastic sands of greyish quartz with small chalk nodules in the upper
part. Level G is composed by beige-colored sands.

2.3. Fuente Nueva 3

The stratigraphical description of FN3 site was established by
Anadón et al. (2003) and Oms et al. (2011). They established 11 differ-
ent levels. Levels 1, 4, 11 and 12 are whitish limestones of mudstone
lumpy texture, common calcrete nodules, and post-depositional
hydroplastic depositional structures (the last only presents in levels 1
and 4). Level 2 is a green to greenish clay that towards the southern
part of the outcrop becomes more carbonatic and whitish. This level is
rich in macrovertebrate fossils and specially in lithic tools. Level 3 is a
brown whitish clay with nodular limestones. On the top a transition to
level 4 is observable. As a whole, level 5 is very rich in large mammal
fossils and human knapped lithics. This unit has been divided in two
sublevels. Sublevel 5A is a sequence from coarse sands (massive) to
greenishfine-grained sands and locally present evidence of pedogenesis
(edaphic nodules of 1 cm in diameter). At the lower part of 5A, fossil
bones present evidence of bioturbation (e.g., breakage due to tram-
pling) denoting subaerial exposure. Sublevel 5B becomes brownish
finner sands and plenty of lacustrine invertebrates. In this sublevel fos-
sils are more complete and better preserved than in 5A. Level 6 is com-
posed of soft dark brown clays. On the other hand, levels 7 and 9 are
greenish-brown dark marly mudstones. Lastly, levels 8 and 10 are
pale-brown greenish marly mudstones.

3. Modern climate and vegetation

The climate of the OAZ at the Guadix-Baza Basin is best described as
continental Mediterranean with cold winters and hot summers. The
nearbymeteorological station in Orce shows an annual average temper-
ature of 12.9 °C (3.8 °C in the coldest month, 24.1 °C in the warmest
month), which can reach maxima above 40 °C in summer, and annual
average precipitation of 366 mm. Mean annual precipitation in the re-
gion ranges c. 290–400mm. The sites VM1, BL, and FN3, studied for pol-
len, are located in the Mesomediterranean belt of the Guadiciano-
Bacense biogeographical Sector of the Betic Province, showing semi-
arid ombroclimate (Rivas-Martínez et al., 1977), which is characterized
by the development of badlands and treeless vegetation zones.

The present-day vegetation in the study basin is dominated by xero-
phytes with patches of Mediterranean scrub and isolated trees. Halo-
phytes (e.g. Suaeda vera, Arthrocnemum macrostachyum, Sarcocornia
fruticosa, Inula crithmoides, Salsola oppositifolia, several species of
Plantago, Juncus, Frankenia, Limonium) and phreatophytes, including
some trees (Ulmus minor and several species of Populus, Tamarix and
Salix), growing on particular locations (Rivas-Martínez, 1987; Mercado
and Tendero, 1988; Rodriguez-Ariza, 1992; Valle et al., 2004; Blanca
et al., 2009). The surroundings of Barranco de los Zagales (VM1) are
dominated by Stipa tenacissima, and other Poaceae (Dactylis glomerata,
Brachypodium retusum, Lygeum spartum), Apiaceae (Eryngium
campestre), Asteraceae (Carduus, Launaea, Centaurea, Santolina), and
Lamiaceae (Sideritis, Thymus, Lavandula, Rosmarinus). There is a
human reforested small pine forest (Pinus halepensis) in the vicinity of
the site. The areas of access to the FN3 and BL sites are characterized
by the presence of cerealia fields (Avena, Triticum), and almond tree
plantations, accompanied by perennial herbs and shrubs such as
S. tenacissima, L. spartum, Rhamnus lycioides, E. campestre, Helichrysum
5

stoechas, Cistus clusii, Asparagus spp., and a diversity of Lamiaceae (espe-
cially Rosmarinus officinalis), and Fabaceae (Ulex parviflorus). In addi-
tion, the endemic species (Vella pseudocytisus subsp. pseudocytisus).
Less than 1 km from BL, small formations of P. halepensis including
Quercus coccifera, Juniperus oxycedrus, R. lycioides, Pistacia lentiscus, and
Asparagus acutifolius, develop on limestones. On gypsum soils, there
are characteristic species such as Jurinea pinnata, Onobrychis stenorhiza,
Lepidium subulatum, Gypsophila struthium, Ononis tridentata, Herniaria
fruticosa, and Helianthemum squamatum.

Upwards the peribasinal mountains (e.g. Sierras de María, Baza,
Castril, El Pozo) the vegetation is increasedly forested with altitude,
with species characteristic depending on the bedrock, either calcareous
or siliceous. The main tree species are Quercus rotundifolia, Q. faginea,
and Pinus nigra, and less frequently Q. pyrenaica, Pinus sylvestris, P.
pinaster, Acer monspessulanum, A. granatense, Fraxinus angustifolia,
Sorbus aria, Taxus baccata, Arbutus unedo, Quercus suber and dwarf juni-
pers (e.g. Juniperus sabina).

4. Materials and methods

As recommended for archaeological sites (Girard, 1975), palynolog-
ical samplingwas conducted on several vertical stratigraphic profiles for
each study site (VM1, BL and FN3) (Figs. 2–5). Exposed surface layers of
sediment were cleaned back and discarded to a depth of 10–15 cm in
every sedimentological unit, to avoid potential sources of contamina-
tion and/or recent bioturbation. The quantity of sediment treated for
each sample was the net weight (Tables 1–3).

For the extraction of palynomorphs, the “Classic Chemical Method”
was followed (Erdtman, 1969; Dimbleby, 1985), with themodifications
proposed by Girard andRenault-Miskovsky (1969). In order to calculate
the pollen concentrations, we added to each sample three tablets of Ly-
copodium spores. After being treated at the laboratory, the sampleswere
mounted on glycerol jelly and sealed with paraffin. The palynological
identification was made by conventional microscopy (400x and
1000x) using an optical microscope, and with help of the pollen collec-
tion of the Department of Plant Biology at the University of Murcia as
reference. The pollen count data were treated with Tilia Graph 1.7.16
in order to construct pollen diagrams (Figs. 6–12, SI Fig. 1).

5. Results

5.1. Venta Micena 1 (Barranco de los Zagales)

A total of 16 VM1 samples were analysed, with 10 being
polleniferous (Table 1, Figs. 6 and 7) and 6 being sterile samples. The
later come from Unit C0 (C0.1, C0.2, C0.3, C0.4), and Unit C1 (C1.1,
C1.4) (Fig. 3). A total of 2694 palynomorphs were identified, counting
2172 pollen grains and 522 spores, excluding indeterminable grains,
which were lower than the 22% total palynomorph count. Spores and
non-pollen microfossils were excluded from the pollen sum. The num-
ber of pollen taxa was between 11 and 22 per sample, with a total of
32 taxa being recognized.

5.1.1. Unit C0
This unit includes samples C0.5 and C0.6 (Figs. 6 and 7). Arboreal

pollen (AP) abundance is between 30 and 42%, with Pinus being domi-
nant (23–37%), and Juniperus between 3 and 7%. Other lesser contribu-
tors to AP include evergreen Quercus, Alnus, Salix, Olea and Rhamnus. In
the non-arboreal pollen (NAP), Ephedra distachya-nebrodensis varies be-
tween 23 and 40%, Artemisia ranges from 6 to 15%, and Poaceae occurs
between 1 and 4%. Amaranthaceae, Asteroideae, Cichorioideae, Centau-
rea and Helianthemum, are also frequent.

5.1.2. Unit C1
This unit includes pollen samples C1.2, C1.3, C1.5 and C1.6 (Figs. 6

and 7). AP reaches frequencies close to 38%. Pinus (6–26%) and Juniperus



Table 1
Summary of palynological features of the Venta Micena 1 samples.

Sample Level N° Gross weight (g) Net weight (g) Concentration (grains/g) Indeterminable (%) Pollen sum Number of taxa (Pollen) Spores sum

C2.4 C2 1 59.6 59.6 451.58 8.44 154 11 81
C2.3 C2 2 54.2 54.2 3454.65 11.79 178 14 29
C2.2 C2 3 61.4 61.4 710.19 7.30 219 14 84
C2.1 C2 4 53.4 53.4 416.39 21.32 136 14 50
C1.6 C1 5 68.6 68.6 972.92 5.38 334 22 73
C1.5 C1 6 51.7 51.7 2172.15 7.80 282 15 57
C1.4 C1 – 63.3 63.3 – – Sterile – Sterile
C1.3 C1 7 55.7 55.7 1724.43 7.25 317 20 40
C1.2 C1 8 64.8 64.8 958.38 5.11 176 16 49
C1.1 C1 – 56.1 56.1 – – Sterile – Sterile
C0.6 C0 9 63.6 63.6 241.58 5.00 140 12 18
C0.5 C0 10 60.3 60.3 6818.75 5.50 236 15 41
C0.4 C0 – 67.4 67.4 – – Sterile – Sterile
C0.3 C0 – 60.6 60.6 – – Sterile – Sterile
C0.2 C0 – 54.5 54.5 – – Sterile – Sterile
C0.1 C0 – 69.0 69.0 – – Sterile – Sterile

TOTAL 2172 522

Table 2
Summary of palynological features of the Barranco León samples.

Sample Level N° Gross weight (g) Net weight (g) Concentration (grains/g) Indeterminable (%) (⁎⁎)Pollen sum Number of taxa (Pollen) Spores sum

G3 G – 87.1 53,9 – – Sterile – Sterile
G2 G – 55.3 55.3 – – Sterile – Sterile
G1 G – 54.4 54.4 – – Sterile – Sterile
F1 F – 91.1 80,5 – – Sterile – Sterile
E2 E 1 87.0 87.0 7602.54 4.83 248 41 9
E2 E – 93.0 85,3 – – Sterile – Sterile
E1 E 2 81.3 81.3 2958.16 1.36 220 9 1
E1 E – 72.6 66.5 – – Sterile – Sterile
D2 D 3 77.9 46.7 384.81 2.36 211 14 2
D2 D – 72.1 58,6 – – Sterile – Sterile
D1 D 4 78.0 13.2 12421.06 2.15 278 28 3
D1 D – 79.4 75,8 – – Sterile – Sterile
C1 C – 56.8 56.8 – – Sterile – Sterile
B2 B – 64.2 64.2 – – Sterile – Sterile
B1 B – 52.8 52.8 – – Sterile – Sterile
A6 A – 56.2 56.2 – – Sterile – Sterile
A5 A 5 56.1 56.1 667.66 8.49 259 26 34
A4 A – 83.8 47.6 – – Sterile – Sterile
A3 A – 57.6 57.6 – – Sterile – Sterile
A2 A – 55.5 55.5 – – Sterile – Sterile
A1 A – 107.4 84.7 – – Sterile – Sterile

TOTAL 1216 49

⁎ Cichorioideae and Cistus t. excluded
⁎ Pollen sum column without Apiaceae, Ceratonia, Helianthemum/Halimium type and Lotus.

J. Ochando, J. Carrión, Y. Altolaguirre et al. Review of Palaeobotany and Palynology 304 (2022) 104725
(2–7%) are also significant. The occurrence of evergreen Quercus, Olea,
Genisteae, Fraxinus, Phillyrea and Erica, and the minor accounts of
Pinus pinaster, Quercus deciduous, Castanea and Salix, are significant.
The non-arboreous pollen (NAP) is predominant: Ephedra distachya-
nebrodensis (29–48%), Artemisia (7–14%), Poaceae (3–9%) and
Amaranthaceae (2–5%). Pollen grains of Asteroideae, Cichorioideae,
Plantago and Brassicaceae are also common.
5.1.3. Unit C2
This unit includes samples C2.1, C2.2, C2.3 and C2.4 (Figs. 6 and 7).

The abundance of the AP ranges between 24 and 33%. The main pollen
contributors are Pinus (4–18%), Juniperus (2–12%) and evergreen
Quercus (2–5%). Other AP elements include Alnus, Olea, Phillyrea,
Maytenus and Genisteae. Similarly to the underlying zones, it is worth
mentioning the abundance of NAP grains, such as Ephedra distachya-
nebrodensis (14–40%), and to a lesser extent, Artemisia (7–16%), Poaceae
(6–12%) and Amaranthaceae (3–5%). Additionally, Asteroideae,
Cichorioideae, Echium, Lotus and Cyperaceae are present.
6

5.2. Barranco León

A total of 21 BL samples were analysed, of which only 5 were found
to be polleniferous (Table 2, Figs. 8 and 9). These successful samples
came from Unit A (A5), Unit D (D1 and D2), and Unit E (E1 and E2)
(Fig. 4). A total of 1265 palynomorphs were identified, including 1216
pollen grains and 49 spores, excluding indeterminable pollen grains
(lower than 9%). Pollen grains of Cichorioideae, and Cistus were ex-
cluded from the pollen sum due to high percentages in several samples,
suggesting over-representation (Carrión, 1992a, 1992b; Carrión et al.,
1998) (Figs. 8 and 9). The number of pollen taxa ranges from 9 to 41
per sample, with a total of 53 taxa being recognized (Table 2).
5.2.1. Unit A
This unit only includes sample A5 (Figs. 8 and 9). AP is above 61%.

Olea reaches 18%, Pinus 15%, evergreen Quercus 11%, Cupressaceae ex-
ceeds 7%, and deciduous Quercus 3%. Other AP taxa include Taxus,
Pistacia, Betula, Castanea, Corylus, Fraxinus, Juglans, Maytenus, Salix and



Table 3
Summary of palynological features of the Fuente Nueva 3 samples.

Sample Unit N° Gross weight (g) Net weight (g) Concentration (grains/g) Indeterminable (%) Pollen sum Number of taxa (Pollen) Spores sum

7.1 7 – 58.0 58.0 – – Sterile – Sterile
7–6.2 7–6 1 57.2 57.2 745.56 3.41 205 18 24
6.2 6 2 60.0 60.0 201.27 2.91 206 21 42
6.1 6 3 54.0 54.0 8548.64 1.44 207 23 13
6.1–5B 6–5B 4 58.4 58.4 206.82 1.82 164 17 19
5B 5B 5 62.6 62.6 79.16 3.22 124 18 6
5A.Upper 5A 6 54.7 54.7 410.85 1.92 208 22 55
5A.Lower 5A 7 57.7 57.7 56.57 2.45 204 18 59
4.2 4 8 56.9 56.9 99.11 4.45 202 27 275
4.1 4 9 55.1 55.1 1380.38 4.85 206 32 15
3.2 3 10 51.4 51.4 243.21 4.26 211 18 21
3.1 3 11 56.8 56.8 692.85 2.94 204 21 13
2.2 2 12 57.3 57.3 224.69 2.20 318 19 24
2.1 2 13 58.4 58.4 1304.13 0.98 306 21 24
1.2 1 14 51.1 51.1 293.55 1.30 307 24 40
1.1 1 15 56.8 56.8 30133.56 0.97 307 28 17

TOTAL 3379 647

Fig. 6. a) Percentage pollen diagram of VM1 including mainly the woody component. b) Percentage pollen diagram of VM1 including mainly the non-arboreal elements. Black dots for
percentages below 3%. Dashed lines for subdivisions within archaeological units.
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Fig. 6 (continued).
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Rhamnus. Regarding NAP, Artemisia (10%) and Poaceae (9%) are pre-
dominant, with occurrences of Amaranthaceae, Fabaceae, Brassicaceae,
Plantago and Cyperaceae.

5.2.2. Unit D
This unit includes samples D1 and D2 (Figs. 8 and 9). AP occurs

with 36 and 40% respectively, with remarkable abundance of
Cupressaceae (16-28%). Olea does not exceed 7%, evergreen Quercus
is below 7%, and Pinus 7%. Other minor AP contributors include
Cedrus, deciduous Quercus, Pistacia, Alnus, Castanea, Corylus, Fraxinus,
Sambucus and Ephedra fragilis. In NAP, Poaceae (12–45%) and
Artemisia (10–12%) are noteworthy. Lygeum, Amaranthaceae,
Caryophyllaceae, Fabaceae, Gentianaceae, Plantago and Urticaceae
are also frequent.

5.2.3. Unit E
This unit includes pollen samples E1 and E2 (Figs. 8 and 9), in

which the precentages of AP are 27 and 55%, respectively. The most
remarkable feature is the abundance of Cupressaceae (22–23%).
The occurrences of Pinus, evergreen Quercus, deciduous Quercus
8

and Eucommia are noteworthy, as well as the presence of Taxus,
Phlomis, Pistacia, Alnus, Arecaceae, Betula, Carpinus, Carya, Castanea,
Corylus, Juglans, Maytenus, Myrica, Populus, Pterocarya, Rhamnus,
Sambucus, Rosaceae, Ulmus, Zelkova and Ephedra fragilis. In NAP, it
is worthmentioning the abundance of Poaceae (12–62%) and Artemi-
sia (4–10%). Other NAP such as Lygeum, Fabaceae, Asparagaceae,
Capparis, Hedera, Iridaceae/Liliaceae, Plantago, Zygophyllaceae and
Cyperaceae, are present.
5.3. Fuente Nueva 3

In total, from 16 samples that were collected from FN3, 15 were
polleniferous (Table 3, Figs. 10–12, SI Fig. 1). The only sterile sample
corresponded to Unit 7. A total of 4026 palynomorphs were identified,
including 3379 pollen grains and 647 spores, excluding indeterminable
which frequencies were lower than 5% (Figs. 10–12). The number of
pollen types varies between 17 and 32, with a total of 60 taxa being rec-
ognized. Fungal spores are abundant and diverse in this sequence (SI
Fig. 1), suggesting decomposing activity, and probably faecal input to
the sediment.



Fig. 7. Synthetic pollen diagram of VM1 including ecological groups and the main pollen contributors.
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5.3.1. Unit 1
This unit includes samples 1.1 and 1.2 (Figs. 10–12). AP is predomi-

nant, reaching levels higher than 63%. A remarkable feature from this
unit is the abundance of Olea (15–24%), Juniperus (10–24%), and ever-
green Quercus (12%) and, to a lesser extent, Pinus halepensis-pinea
(1–5%), and Pinus nigra-sylvestris (3–7%). The occurrence of deciduous
Quercus, Fraxinus, Genisteae and Erica are also ecologically meaningful,
as well as the occurrences of Carya, Castanea, Fagus, Rhus, Salix, Ulmus,
Sambucus nigra, Myrica, Pistacia, Ligustrum, Ephedra fragilis, Smilax and
Cistus. With respect to the NAP, Poaceae (6–21%) and Amaranthaceae
(9–23%) prevail, with minor occurrences of Artemisia, Asteroideae,
Cichorioideae, Plantago lanceolata and Liliaceae. Among fungal spores,
Inapertisporites (SI Fig. 1). Dicellaesporites, Foliopollenites, Hypoxylonites,
Microsporonites and Scleroderma are frequent. The presence of
Zygnemataceae spores (water transport) is worth mentioning.

5.3.2. Unit 2
This unit includes pollen samples 2.1 and 2.2 (Figs. 10–12). AP repre-

sents between 62 and 71% of the total terrestrial pollen. The amount of
Olea (25–26%) is noticeable, reaching here a sequence maximum. Pinus
halepensis-pinea varies between 9 and 11%. Pinus nigra-sylvestris is
about 9%, while evergreen Quercus 10–11%. Additional, ecologically
meaningful woody taxa include Juniperus, deciduous Quercus,
Genisteae, Pinus pinaster, Fraxinus, Pistacia and Erica. Among NAP,
Amaranthaceae (14–21%), Poaceae (2–7%), Asteroideae (4–6%) and Ar-
temisia (2–5%) are representative, with lesser frequencies for
Cichorioideae, Centaurea montana, Fabaceae, Lamiaceae and Urticaceae.
The abundance of the fungal type Microsporonites (42–50%) is remark-
able, while Diporisporites, Inapertisporites and Monoporisporites are fre-
quent (SI Fig. 1).

5.3.3. Unit 3
This unit includes samples 3.1 and 3.2 (Figs. 10–12). The dominant

pollen is arboreal, with total values above 77%. This is a phase
9

characterised by the sequence´s highest percentages of Juniperus
(33–36%) and important contribution of Olea (12–14%). Evergreen
Quercus does not exceed 7%, while Pinus halepensis-pinea is about
7–8%. Other woody taxa include deciduous Quercus, Fraxinus, Pistacia,
Genisteae, Pinus pinaster, Cedrus, Castanea, Fagus, Populus, Sambucus
ebulus, Phillyrea, Erica, Cistus and Rosaceae. Amaranthaceae (14%) and
Poaceae (2–8%) dominate the herbaceous contingent. Artemisia,
Asteroideae, Cichorioideae and Urticaceae are also common. The pres-
ence of Microsporonites (15–48%) and Monoporisporites (46%) stands
out (SI Fig. 1). Similarly, Diporisporites, Inapertisporites, Dictyosporites,
Zygnemataceae and Bryophyta spores, are present.

5.3.4. Unit 4
This unit includes pollen samples 4.1 and 4.2 (Figs. 10–12). AP is

above 50%, with Juniperus (13–16%), Olea (8–13%), and evergreen
Quercus (7–8%) as the main taxa, accompanied by Pinus halepensis-
pinea, Pinus nigra-sylvestris, deciduous Quercus, Fraxinus, Populus, Salix,
Juglans, Pistacia and Genisteae. Amaranthaceae (24–26%) and Poaceae
(7–8%) are NAP dominant. In addition, Artemisia, Asteroideae,
Cichorioideae, Fabaceae, Plantago lanceolata, Scrophulariaceae and
Urticaceae are also frequent. It is worth highlighting the abundance of
fungal spores, with Hypoxylonites (2–53%), Inapertisporites (27%),
Microsporonites (13–17%) and Monoporisporites (7–15%) being very
common (SI Fig. 1). Zygnemataceae is also noticeable.

5.3.5. Unit 5
This unit includes samples 5A.Lower, 5A.Upper and 5B (Figs. 10–12).

AP is predominant, reaching between 54 and 69%. Themost noteworthy
characteristics of this zone are the abundance of Olea (12–22%), ever-
green Quercus (5–18%) and Juniperus (4–14%), while Pinus nigra-
sylvestris fluctuates between 2 and 13%, and Pinus halepensis-pinea
(4–8%) increases with respect to the previous zone. Other AP include
deciduous Quercus, Fraxinus, Ulmus, Pistacia, Phillyrea, Salix, Sambucus
ebulus, Pistacia, Ephedra fragilis, Erica and Cistus. NAP is characterized



Fig. 8. a) Percentage pollen diagram of BL includingmainly thewoody component. b) Percentage pollen diagram of BL includingmainly non-arboreal elements. Cichorioideae and Cistus t.
out from the total pollen sum. Black dots for percentages below 3%. Dashed lines for subdivisions within archaeological units.

Fig. 9. Synthetic pollen diagram from BL including ecological groups and the main pollen contributors.
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Fig. 11. Percentage pollen diagram of FN3 including mainly non-arboreal elements. Black dots for percentages below 3%. Dashed lines for subdivisions within archaeological units.
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by Amaranthaceae (15–26%), Poaceae (3–12%) and to a lesser extent,
Artemisia, Asteroideae, Cichorioideae and Apiaceae. Chlamydospores of
the mycorrhizogenous fungus Glomus (17–20%), and Inapertisporites
(7–33%) and Polycellaesporonites (16–17%) are frequent (SI Fig. 1).
Monoporisporites, Microsporonites, Pluricellaesporites and Reduvias-
poronites occur. Zygnemataceae reach values higher than 42% (out of
the total pollen sum).

5.3.6. Unit 6-5B
This unit includes sample 6.1-5B (Figs. 10–12). AP accounts for c.

71%, with mainly Pinus halepensis-pinea (21%), Olea (19%), evergreen
Quercus (12%), Pinus nigra-sylvestris (9–10%), and Genisteae (4%).
Other minor taxa include Juniperus, deciduous Quercus, Fraxinus,
Pistacia, Phillyrea, Erica and Cistus. With respect to NAP, it is worthmen-
tioning the abundance of Amaranthaceae (18%). The presence of conidia
Type 200 (79%) is significant, together with the occurrences of Glomus,
and Gelasinospora (SI Fig. 1).

5.3.7. Unit 6
This unit embraces pollen samples 6.1 and 6.2 (Figs. 10–12). AP

reaches 74%, including relatively high percentages ofOlea (22–23%), ev-
ergreen Quercus (14–15%) and Pinus halepensis-pinea (10–16%). Pinus
nigra-sylvestris is about 7–10%, while Juniperus does not exceed 4%. Ac-
companying AP are deciduous Quercus, Quercus suber, Alnus, Fraxinus,
Pistacia, Phillyrea, Maytenus, Erica and Cistus. In NAP, Amaranthaceae
12
(13–14%) and Asteroideae (4–5%), Poaceae, Artemisia, Plantago
lanceolata, Brassicaceae and Geraniaceae are common. The presence of
Microsporonites (12–38%), Inapertisporites (7–23%) and Glomus
(2–31%) stands out (SI Fig. 1). Similarly, Monoporisporites, and
Multicellites, are present.

5.3.8. Unit 7-6
This unit is represented by sample 7-6.2 (Figs. 10–12). AP is about

74%, including Olea (25%), Juniperus (15%), Pinus nigra-sylvestris (11%),
Pinus halepensis-pinea (10%), and evergreenQuercus (7%), amongothers
(deciduous Quercus, Populus, Salix, Pistacia, Phillyrea, Genisteae). The
herbaceous component is characterized by Amaranthaceae (12%),
Asteroideae (7%), and to a lesser extent, Poaceae, Artemisia, Apiaceae
and Brassicaceae. The presence of Dicellaesporiporites (63%) and
Monoporisporites (17%) is significant (SI Fig. 1). Dictyosporites, Hyphae,
Microsporonites, Multicellites and Reduviasporonites, appear.

6. Discussion

6.1. Previous palynological research and pitfalls with palaeoecological
interpretation

Previous studies for pollen on 18 samples from BL were performed
by Jiménez-Moreno (2003). A total of 9 of those samples contained pol-
len, being dominated by Pinus, Olea, Cupressaceae and Quercus,



Fig. 12. Synthetic pollen diagram from FN3 including ecological groups and the main pollen contributors.
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accompanied by Betula, Corylus, Ilex, Ligustrum, Fraxinus, Ulmus, Cedrus,
Picea, and Salix. Among the herbaceous elements, Artemisia, Plantago,
Poaceae, Amaranthaceae, Asteraceae, Brassicaceae, Ephedra and Centau-
reawere recorded. The abundance of Glomuswas suggested to indicate
hydric transport into the sediment, which was fluvio-marsh in origin.

Jiménez-Moreno (2003) warned about the uncertainties associated
with the taphonomy of these pollen spectra. It must be taken into ac-
count that, when dealing with archaeological sediments, we can never
categorically discard the possibility of alteration of the pollen assem-
blages by differential preservation, bioturbation, and/or vertical move-
ment, or reworking, leading to contamination of sediments by
younger or modern pollen (Bryant and Holloway, 1983; Burney and
Burney, 1993; Coles and Gilbertson, 1994; Carrión et al., 1999). It is
also clear that palynology at these environments still needs much
experimentally-based work before we can make the best inferences
concerning past environments (Carrión and Scott, 1999; Carrión,
2002b; Carrión et al., 2009; Hunt and Fiacconi, 2018). However, there
have been advances over the last decades providing taphonomical stud-
ies and sequenceswith good palynomorph preservation and concentra-
tion, ecological coherence of the pollen assemblages, and acceptable
correlation with reference to lacustrine sequences (e.g. Navarro et al.,
2000, 2001, 2002; López-Sáez et al., 2003, 2007; Carrión et al., 2008,
2013, 2018, 2019a; González-Sampériz et al., 2010; Burjachs et al.,
2012; Revelles et al., 2016; Ochando et al., 2019, 2020a, 2020b, 2020c,
2020d).

In addition, archaeological sites such as those in OAZ may lie in
physiographically different scenarios from lake and mire sites, thus po-
tentially adding useful information on montane palaeovegetation and
on the location of glacial reservoirs of particular plant species. In support
of the reliability and usefulness of the pollen assemblages described
here is that they: (i) point to the existence of vegetation with higher
plant diversity, and indication of more forested, andmore humid condi-
tions than today; (ii) include taxa which became extinct during the
Middle Pleistocene, (iii) correlate acceptably with lacustrine pollen re-
cord. We shall discuss these points below.
13
6.2. Past vegetation features inferred from VM1, BL and FN3 pollen

It is important to keep in mind that archaeological pollen records,
which are often discontinuous and/or altered by humans, should not
be used to assess vegetational and climatic fluctuations with the same
confidence as when they are interpreted from continuous and pristine
lacustrine or marshy pollen records (Carrión et al., 1999). In this way,
in VM1, BL and FN3, the changes in the frequencies of the major taxa
must be taken with many reservations, especially considering that
they are not very striking variations.

The VM1 pollen record is characterized by the prevalence and ex-
traordinary abundance of Ephedra distachya-nebrodensis, while Pinus
and Juniperus are also continuously relatively abundant, with only few
exceptions. Often, pines and junipers are accompanied by Olea, ever-
green Quercus (especially in unit C), Genisteae, Erica, and to a lesser ex-
tent, deciduous Quercus, Alnus, Castanea, Fraxinus, Salix and Phillyrea
(Figs. 6 and 7). The woody component shows a moderate to low
cover, but includes a combination of mesophytes (deciduous Quercus,
Alnus, Castanea, Fraxinus, Salix), and Mediterranean taxa. The xero-
heliophytic component (Poaceae, Artemisia, Amaranthaceae, Ephedra,
Lamiaceae) is remarkable. The VM1 pollen record shows the higher in-
dication of xericity, especially due to the high frequencies of Ephedra.
The thermophilic character of the vegetation in the area can be deduced
by the pollen occurrences of Maytenus and Olea.

In contrast, FN3 can be characteristically connected with forest eco-
systems. This richer pollen record suggests the prevalence of a thermo-
Mediterranean woodland dominated by evergreen Quercus, Pinus,
Juniperus and Olea (Fig. 12) with a high diversity of woody plants, in-
cluding deciduous Quercus, Castanea, Populus, Salix, Ulmus, Fraxinus,
Pistacia, Phillyrea, Genisteae, Erica, Cistus, and Ephedra fragilis (Fig. 10).
It is worth emphasizing that the pollen record contains mesophytes,
thermophytes, xerophytes, xerothermophytes, and Mediterranean ele-
ments, all indicative of summer drought, together with deciduous
trees indicative of humid biotopes. FN3 is therefore reflecting the biotic
mosaicity inherent to a highly geodiverse landscape, including high-
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elevation areas, intramontane valleys, lacustrine and riverine basins,
highplains and depressions conditioned edaphically by gypsum and
clay.

Plausibly, deciduous trees species within mixed forests developed
on the deeper soils at higher altitudes, ravines, or plain enclaves associ-
ated to edaphic water such as lake, wetland and river margins. In these
biotopes, the most likely species involved would be Quercus faginea
(calcareous soils on limestones and dolomites), Q. pyrenaica (acidic
soils), Pinus nigra, P. sylvestris, P. pinaster, Castanea sativa, and several
species of Sorbus (e.g. S. domestica, S. aucuparia). Relictic stands of
Juglans regia, Fagus sylvatica and Carya would probably form part of
these communities at higher altitudes. Mediterranean open forests
would have occurred not far from the FN3 site, possibly in highplains
and mountain slopes.

Downwards, xerothermic scrub would have been growing in de-
pressed lands under water stress, with taxa such as Ziziphus lotus,
Calicotome intermedia, Ephedra fragilis, Pistacia lentiscus, Phillyrea
angustifolia, Maytenus europaeus and Genisteae varia (e.g. Ulex, Genista,
Cytisus). The moderate abundance of chenopods (Amaranthaceae) in
FN3 is probably related with the existence of saline soils in the sur-
roundings, which would have extended during dry phases.

The record of BL, although not as palynologically productive as FN3,
is still palaeoecologically meaningful. This sequence is characterized by
the prevalence of Juniperus, Olea, Pinus, Poaceae, and evergreen Quercus
(Fig. 9), which is accompanied in several samples by other taxa such as
Cistus, Artemisia and Cichorioideaewith relatively high values (Fig. 8). A
diversity of trees, shrubs and herbs can also be observed. Poaceae is par-
ticularly abundant in D2 and E1; Cichorioideae dominant in D1. The
woody component also shows diversity, combining mesophytes,
thermophytes and Tertiary relics such as Carya, Eucommia, Pterocarya
and Zelkova. The later may well represent transport from the mid-
elevation montane refugia previously described. The presence of
Pistacia, Maytenus, Olea and Arecaceae suggests that the local climate
was relatively warm. The occurrences of Lygeum in Units D, and E, and
both Zygophyllaceae and Capparis in Unit E suggest local xericity.

6.3. Palaeobiogeographical remarks

Several fossil pollen taxa need to be discussed. A first consideration
concerns the incidence of cedar pollen. Doubts persist about whether
pollen records of Cedrus in the Iberian Quaternary are due to long-
distance transport from North Africa (Sánchez-Goñi et al., 1999; Magri
and Parra, 2002; Jiménez-Moreno et al., 2020), or if the species indeed
survived naturally until a few millennia ago (Postigo-Mijarra et al.,
2009, 2010; González-Sampériz et al., 2010). It is generally accepted
that cedars, although never forest dominants, were naturally present
across Iberia at least since the Eocene (Postigo-Mijarra et al., 2009;
Barrón et al., 2010; Casas-Gallego et al., 2015; Verdú et al., 2020),
spreading during the Miocene and Pliocene (Gaussen, 1964). The avail-
able Early-Middle Pleistocene palaeobotanical records from the Iberian
Peninsula also suggest that Cedrus formed part of the Mediterranean
flora (Julià and Suc, 1980; Suc and Cravatte, 1982; Antunes et al.,
1986; Leroy, 1997, 2008; Postigo-Mijarra et al., 2007). At first, the
minor pollen occurrences of Cedrus in the Palominas sequence
(Altolaguirre et al., 2020) might suffice to support its presence in
Guadix-Baza Basin during the Early Pleistocene. Alghough not excluding
the former possibility, it cannot be ruled out, however, the influence of
north African pollen-source populations, with the intra-montane condi-
tion of the Baza Basin serving as physiographical pollen trap
(Altolaguirre et al., 2020). Postigo-Mijarra et al. (2010) contend that
part of the cedar pollen obtained in the fossil records may well have
its origin in the Betic mountain ranges, where optimum conditions are
given for Cedrus forests (Cheddadi et al., 2009). Clearly, macrofossil re-
mains are needed to solve this issue.

The past geography of Carpinus betulus is another bone of conten-
tion. The presence of Carpinus is documented in Iberia since the
14
Oligocene (Postigo-Mijarra et al., 2008, 2009, 2010; Barrón et al.,
2010; Verdú et al., 2020), and there are frequent palynological evi-
dences during the Pleistocene (García-Antón and Sainz-Ollero, 1991;
Desprat et al., 2005, 2007; Postigo-Mijarra et al., 2008, 2009, 2010;
Carrión et al., 2013; González-Sampériz et al., 2013; Camuera et al.,
2019; Altolaguirre et al., 2020; Ochando et al., 2020a, 2020b, 2020c,
2020d), now reinforced by the occurrences at BL in the Early Pleisto-
cene. Similarly, the presence of Carpinus in the Palominas core has
been associated to warm-temperate humid periods, and reinforced by
our findings, supports the naturalness of the current populations in
southwestern Europe (Altolaguirre et al., 2020). According to Magri
et al. (2017) the increased vulnerability of Carpinus communities
through glacial-interglacial cycles during the Pleistocene, together
with diverse ecological factors, may have caused the disappearance of
this taxon during the Late Pleistocene and Holocene (Camuera et al.,
2019).

The genus Carya was widely distributed throughout Central Europe
during the Miocene and Pliocene (Pontini and Bertini, 2000; Kovar-
Eder et al., 2006; Jiménez-Moreno et al., 2008, 2010). Similarly, Carya
had a significant representation during the Pliocene-Pleistocene transi-
tion in southern European palaeobotanical records (Magri et al., 2017).
In Banyoles, northeastern Spain, the records of Carya, together with
Ostrya and Mimosaceae, are quite imprecise, although they were still
well represented at the Early to Middle Pleistocene transition (Geurts,
1979). The last occurrences of Carya in southern Europe are recorded
during the Middle Pleistocene (Magri et al., 2017). Its presence in the
OAZ, along with other Arctotertiary taxa, suggests the existence of eco-
logical refugia in the Betics ranges during cold stages of the Early Pleis-
tocene (Orain et al., 2013; Altolaguirre et al., 2020), being probably
more abundant in the interglacial warm-temperate forest (Leroy,
1997; González-Sampériz et al., 2010), as suggested in BL Unit E2
(Fig. 8), where palaeoclimatic reconstruction postulate a temperate
stage (Sánchez-Bandera et al., 2020; Saarinen et al., 2021).

Eucommiawas present in Central Europe during the Pliocene (Hably
and Kvacek, 1998), and until the late Early Pleistocene in northeastern
Spain and southern France (Ber, 2005; Barrón et al., 2010; Magri et al.,
2017; Verdú et al., 2020). Altolaguirre et al. (2020) find the latest evi-
dence of Eucommia in the Palominas pollen record at a depth of 40 m,
which could place its disappearance in this area around 1.2 Ma. How-
ever, as the authors point out, these associations between palynological
results and age models should be taken with caution given the scarcity
of regional pollen records. Eucommia is more tolerant of dry climate
than other similarly extinct genera (Svenning, 2003), which could indi-
cate its presence in both E2 andE1within BL, the latter corresponding to
a more severe phase based on previous palaeoclimatic reconstructions
(Sánchez-Bandera et al., 2020; Saarinen et al., 2021).

During the Miocene and Pliocene, Pterocarya was a regular part of
evergreen and deciduous mixed forest in Europe, together with other
riverine taxa (Jiménez-Moreno et al., 2008, 2010; Barrón et al., 2010;
Popescu et al., 2010; Verdú et al., 2020). This genus was associated in
northwestern and central Europe to interglacial phases during the Pleis-
tocene (Binka et al., 2003). In the Cañizar de Villarquemado long pollen
record (González-Sampériz et al., 2013; García-Prieto, 2015), evidences
of Pterocaryawere identified in the lowest part of the sequence (MIS 5).
Magri et al. (2017) point out that Pterocarya had a fairly wide distribu-
tion range in Europe with variations in density depending on the
location up to at least 400 ka. From this moment on, Pterocarya popula-
tions suffered severe fragmentation causing the general disappearance
of the genus towards the end of the Middle Pleistocene and the begin-
ning of the Upper Pleistocene. Our records may well represent one of
the latest refugia in western Europe.

In the case of the fossil records of Zelkova, it is difficult to reconstruct
its history in the Iberian Peninsula due to the scarcity of biogeographic
and genetic data (Barrón et al., 2010; Magri et al., 2017; Verdú et al.,
2020). Most Pleistocene palynological records from the Iberian Penin-
sula fail to show any separation between pollen from Zelkova and
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Fig. 14.Comparative diagramof selectedpollen taxa from the three sites of theOAZ (present study) and the Palominas core record (Altolaguirre et al., 2020). Cupressaceae/Juniperus pollen
in blue, Mediterranean forest/scrub taxa in red, mesic taxa in green and xerophytes/herbs in black. The diagram compares pollen abundances of the same taxa between the four pollen
records using the same scale.
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Ulmus, which makes their reconstruction difficult. Nevertheless, the
peninsular presence of Zelkova is documented in the 1.6–2.6Ma Crespià
outcrop (De Villalta and Vicente, 1972; Suc, 1980; Roiron, 1983, 1992),
the 1.2–2.6 Ma Tres Pins site (Leroy, 1988, 1997), and the Caranceja site
(Alonso et al., 1999; Alcalde Olivares et al., 2004). Hitherto, there are no
evidence of Zelkova during the Middle and Upper Pleistocene. Our data,
together with that of Altolaguirre et al. (2020), suggest the existence of
southern peninsular refugia for Zelkova during the Early Pleistocene.

6.4. Comparison with the Palominas pollen record and other Iberian sites

The fine-resolution palynological results of the palaeolake site of
Palominas (Altolaguirre et al., 2019, 2020, 2021), show the well-
known glacial-interglacial fluctuations of Quaternary vegetation types.
In this sequence, covering approximatedly 400 kyr, at least 10 vegeta-
tion cycles driven by obliquity forcing, are recorded (c. 1.6–1.1 Ma).
Cold dry periods, with reconstructed temperatures similar to those con-
temporary, would be characterized by steppes (Artemisia, chenopods,
grasses, composites) and open woodlands, while interglacial periods,
under warmer and humid conditions, would be dominated by Mediter-
ranean woodlands, still with relative abundance of herbs. As expected
for a lacustrine record, the pollen diversity and stratigraphical resolu-
tion is higher in Palominas than any of the OAZ records, since it records
anemophilous taxa transported from a greater area and different
altitude belts. Nonetheless, the OAZ records are still a useful
16
palaeoecological complement by bringing into scene local zoogamous
taxa difficult to find in conventional pollen records, dominated by the
airborne component (Carrión, 2002b; Fiacconi and Hunt, 2017). This is
the case, for instance, with Maytenus, Capparis, Calicotome, Ziziphus,
Sambucus, and Smilax, which are absent in Palominas (Fig. 13).

The floristic assemblages in Palominas show similarities with those
in OAZ. Leaving apart Pinus, which is considered over-represented in
Palominas, evergreen Quercus is the commonly dominant arboreal
taxon, which is accompanied by Olea, Cistus, Ericaceae, and Pistacia
(Altolaguirre et al., 2020). The mesic vegetation is dominated by decid-
uous Quercus, with smaller amounts of Alnus, Betula, Carpinus, Castanea,
Corylus, Celtis, Fraxinus, Juglans,Myrica, Populus, Salix and Ulmus, among
others (Figs. 13 and 14). The xerophytic component in OAZ and
Palominas is equally represented mainly by Artemisia, Amaranthaceae,
Poaceae, Asteraceae, and Ephedra (Altolaguirre et al., 2020). In the
case of Poaceae, its presence should not necessarily be associated with
dry conditions, leaving open the possibility of localized humid grass-
lands, such as suggested by dental mesowear analysis in OAZ
(Saarinen et al., 2021). As for Amaranthaceae, its almost uninterrupted
occurrence in all the sites, and especially the high frequencies of FN3,
could be linked to the development of saline environments (Gibert
et al., 2007; Altolaguirre et al., 2020). Similarly to Palominas,
Cupressaceae/Juniperus pollen is relatively frequent in OAZ, mainly in
FN3, probably reflecting a pollen signal from continental dry biotopes/
stages (Carrión, 1992a, 1992b). Both in Palominas and OAZ are



Fig. 15. Principal component analysis of the pollen proportional data of the OAZ together with the pollen samples from the Palominas pollen record. Note that the first component (hor-
izontal axis) discriminates between glacial and interglacial samples in the Palominas record. The OAZ samples cluster around the Palominas samples from interglacial phases.
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palaeoecological indicators of wetlands, which might have developed
around the Baza palaeolake and nearby riverine ecosystems, and domi-
nated by communities with Alnus, Fraxinus, Populus, Salix, Ulmus and
Cyperaceae, among others (Figs. 13 and 14). Plausibly, this marshland
vegetation would amplify its cover during humid periods when the
lake was at its greatest extent (Altolaguirre et al., 2021). Although in
the particular case of the Orce sites, it could have developed in associa-
tionwith thewetlands generated during the periods of regression of the
saline lake (Granados et al., 2021). In these phases, the presence of fresh
groundwater would have generated local conditions compatible with
such communities (Figs. 13 and 14).

Although providing lesser diversity than Palominas, the OAZ sites
also show the occurrence of Arctotertiary taxa (e.g. Carya, Pterocarya,
Eucommia, Zelkova), which probably disappeared from the Iberian Pen-
insula during the Middle Pleistocene (Postigo-Mijarra et al., 2010;
Casas-Gallego et al., 2015, 2021; Magri et al., 2017; Postigo-Mijarra
and Barrón, 2017). The joint pollen data from Palominas and OAZ,
show that Zelkova, Carya, Ostrya, Eucommia, Parthenocissus, Symplocos,
Parrotia, Cathaya, Pterocarya and Tsuga, could have been a common
taxa in the Eastern Betics forests during the Early Pleistocene, expanding
downwards from mountains during humid phases (Figs. 13 and 14).

A principal component analysis of the pollen data of the OAZ sam-
ples shows the positive correlation with samples of the Palominas
core interpreted as belonging to interglacial periods (Altolaguirre
17
et al., 2020; Fig. 15). This suggests that an interglacial climate (warm
and humid) occurred during the sedimentation of the studied sites.
Nonetheless, such direct comparison between a lacustrine record
(Palominas) and an archeological record may be flawed, due to differ-
ences in pollen catchment and deposition (Fig. 15).

Several comprehensive works have been published on the Early
Pleistocene Iberian floras (Postigo-Mijarra, 2003; Suc and Popescu,
2005; Postigo-Mijarra et al., 2009; Carrión et al., 2013; Altolaguirre
et al., 2019, 2021; González-Sampériz et al., 2020). While the
autoecology of the taxa involved may not have changed substantially
(Suc, 1980), there are no analogs regarding modern-day plant commu-
nities both at the species composition and assembling levels (Leroy,
1990) (Fig. 13). This lack of equivalence must be connected with sur-
vival and extinction patterns. The Iberian Peninsula is peculiar in the
context of the European continental extinctions. Here, major biotic cri-
ses occurred at the end of the Oligocene (c. 28–23 Ma), at the Middle
Miocene (c. 14 Ma), at the Piacenzian (3.6–2.5 Ma) and during the
Early-Mid Pleistocene transition (1.4–0.7 Ma) (Carrión and Fernández,
2009; Postigo-Mijarra et al., 2009; Jiménez-Moreno et al., 2010).

Pliocenefloras appear therefore contingent onEarly Pleistocene veg-
etation dynamics in a context where temperature and precipitation
would be higher than currently during the interglacials and similar to
the present during the glacial stages (Fauquette et al., 1998a, 1998b;
Altolaguirre et al., 2019). The Garraf 1 pollen record (Catalonia, NE
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Spain) extends from Late Miocene to Early Pleistocene (Suc and
Cravatte, 1982) and is a good example of this influence. In comparison
with southern Spain, including OAZ and Palominas (Altolaguirre et al.,
2020), the high arboreal cover of Early Pleistocene forests in northeast-
ern Iberian sites during the interglacials is remarkable, as well as the
scarcely marked heliophytization during the glacial stages (De Villalta
and Vicente, 1972; Geurts, 1977, 1979; de Deckker et al., 1979; Julià
and Suc, 1980; Roiron, 1983, 1992; Antunes et al., 1986; Leroy, 1987,
1988, 1997, 2008; Postigo-Mijarra et al., 2007; Vieira, 2009). We know
now that eccentricity was not the principal astronomic control on cli-
mate variability during the Early Pleistocene in the region. Instead,
obliquity was the main force, and this seems to be the reason why gla-
cial periods were relatively short (Ehlers and Gibbard, 2008;
Altolaguirre et al., 2020).

6.5. Comparison of the pollen records with other OAZ proxies

Previous studies on excavation sediments from OAZ shed light into
the past environments of the Guadix-Baza region, deserving compari-
son with pollen data. Palaeoclimatic inferences from the analysis on
small mammals (mainly rodents) (Agustí et al., 2009, 2010, 2015a)
and amphibia and reptilian assemblages (Blain et al., 2011, 2016), sug-
gest that Early Pleistocene structural climatic conditions in the
Guadix-Baza Basin were not very different from the current ones
(Sánchez-Bandera et al., submitted). Nevertheless, the rainfall may
have been generally higher and temperatures in winter milder (Blain
et al., 2011, 2016; Saarinen et al., 2021; Sánchez-Bandera et al., 2022).
In particular, the occurrence in BL and FN3 of fully aquatic herpetofauna
species, such as Pelophylax cf. perezi, Discoglossus sp. and Natrix maura,
together with species with preference for habitats with tree cover,
such as Bufo gr. B. bufo, Zamenis scalaris, and above all Ophisaurus, to a
lesser extent Chalcides cf. bedriagai, Coronella girondica, Hyla sp. and
Natrix gr. N. natrix, suggests the establishment of permanent humid
areas with a wide plant diversity (Sánchez-Bandera et al., 2020). Pollen
data are consistent with this picture. Doubtless, the Early Pleistocene
landscapes do show more arboreal component than today, which
could have only been maintained through higher rainfalls. Otherwise,
the composition of the thermophytic component (Figs. 7, 9, 12) resem-
bles that seen in local modern ecosystems (Rivas-Martínez, 1987;
Blanca et al., 2009; Carrión et al., 2013).

Using large mammal dental ecometrics, Saarinen et al. (2021)
showed that the climatic and productivity estimates for the earliest
human occupation sites in FN3 and BL were climatically within the
range of modern Mediterranean evergreen oak (Quercus ilex-coccifera)
and pine forest environments (mean annual precipitation about
600–800 mm/yr). The relatively high NPP (net primary production) in
both sites suggests a landscape similar to African dry woodlands/
shrublands. Similarly, the identification of large mammals such as
Praemegaceros cf. verticornis, Metacervocerus rhenanus, Mammuthus
meridionalis, Stephanorhinus etruscus, Hippopotamus antiquus, as well
as the prevalence of Equus altidens support the presence of humid
woodlands and open meadows in the vicinity of both sites (Martínez-
Navarro et al., 2003; Abbazzi, 2010). This parallels the common occur-
rence of certain pollen taxa in BL and FN3, such as Alnus, Castanea,
Fraxinus, Populus, Salix, Ulmus, and Cyperaceae.

The broad interpretations of vegetation type in the paleoen-
vironments of VM, BL an FN3 based on dental ecometric analyses of
the fossil large herbivorous mammal communties from these sites
(Saarinen et al., 2021) correspond with the observed pollen-based re-
constructions of vegetation, with VM being more dominated by open
and grassy vegetation (“steppe-forest”) and BL and FN3 being domi-
nated by Mediterranean forest or woodland/shrubland vegetation. Die-
tary interpretations of the large herbivorous mammal communities
based on dental mesowear analysis reflect these differences in vegeta-
tion. VM is the only site where the abundant, small-sized horse Equus
altidens had a mesowear signal indicating purely grazing diet similar
18
to extant zebras and prairie bison for example (Saarinen et al., 2021).
Nonetheless, even in VM the rest of the herbivorous mammal commu-
nity are characterized by browsers and mixed-feeders (Saarinen et al.,
2021). In BL and FN3 the ungulate communities were clearly dominated
by browsers, even with the larger species of horse (E. cf. suessen-
bornensis) having a strongly browse-dominated mesowear signal.
Bison and large deer have somewhat more browsing dietary signals in
FN3 and more mixed dietary signals in BL, which could reflect a some-
what more forested paleoenvironment in FN3. The smaller horse
E. altidens had a more grass-dominated mesowear signal in BL and
FN3 than the rest of the ungulate communities in those sites, but even
for that species the mesowear signal indicates a less purely grazing
diet than in VM. The relatively high percentage of low cusp relief asso-
ciated with sharp cusps in E. altidens from BL and FN3 (see Saarinen
et al., 2021 supplement) probably reflects diets that included a high pro-
portion of tough and dry but not abrasive vegetation, such as dry shrubs.

Herpetofaunal assemblages provide palaeoclimatic insights to BL. An
increased aridity trend from D1 to E has been inferred (Sánchez-
Bandera et al., 2020). Pollen data for BL show an increase in the grass
component from D1 to E1 (Fig. 8) with retraction of sylvicolous
and thermophilous taxa (Fig. 9). This suggests more severe climatic
conditions, perhaps associated to glacial stages. The ecosystem infer-
ence described by Sánchez-Bandera et al. (2020) fits well into the
palaeoclimatic reconstruction from microvertebrates (Agustí et al.,
2015b) and isotopes of biogenic lacustrine carbonates (Anadón et al.,
2015).

Unit D1 in BL, with evidences of human presence, is palaeo-
zoologically interpreted as relatively wooded (Sánchez-Bandera et al.,
2020; Saarinen et al., 2021), which is not easy to confirm by palynology
since D1’s pollen spectrum appears statistically altered by Cistus and
Cichorioideae. Even so, Quercus, Juniperus, Pinus, and Olea are frequent
in D1, and the presence of Alnus, Castanea, Corylus, Fraxinus and
Sambucus, are indicative of forest patches. The establishment of a
more arid period in the Unit D2 according to Sánchez-Bandera et al.
(2020), coincides with lesser arboreal pollen, and the absence of Alnus,
Betula, Castanea, Corylus, Fraxinus, and Sambucus (Fig. 8). The increase
in aridity and openness of the landscape at Unit E through the
herpetofauna data (Sánchez-Bandera et al., 2020), can be assessed by
pollen in E1 (decrease in tree abundance and diversity, but not in E2
where a BL’s maximum diversity of arboreal taxa is recorded (Figs. 8
and 9).

Regarding to FN3, the appearance of Manchenomys orcensis and
Allophaiomys lavocatihave been taken as indication of the establishment
of amore open habitat andwith lower humidity than in BL (Agustí et al.,
2019, 2022). In general, this agrees with the amphibian and reptile
fauna (Sánchez-Bandera et al., 2020, 2022). This interpretation is not
supported by the pollen records presented here. Nonetheless it cannot
be categorically discarded as the pollen record of BL is poor. Quercus
and Pinus are more abundant in FN3 than in BL, and Juniperus equally
abundant.

An open question remains regarding the growth habit ofOlea, which
is the most prominent feature of FN3. Pollen analysis alone cannot con-
clude about the variety of wild olive and/or it was rather arboreal or
shrubby. The same could be applied to Juniperus, and even for evergreen
Quercus. Present-day habits for species such as Olea europea var.
sylvestris, Juniperus phoenicea, J. oxycedrus, J. communis, J. thurifera,
Q. ilex, and Q. coccifera, are strongly conditioned by human action
(Blanca et al., 2009; Carrión et al., 2013).

The palaeoclimate inference from herpetofauna in FN3 suggests a
trend towards aridity from Unit 2 to Unit 5, then a return to humid con-
ditions during Unit 7. Although, this is not clearly seen in the FN3 pollen
sequence (Figs. 10–12), there is a certain reduction of the arboreal com-
ponent accompanied by xerophytization from the end of Unit 2 to the
basal part of Unit 5. Then, from Unit 5 to 7 there is a trend of increase
of AP which could be related to an increase of humid conditions, al-
though only minor changes are perceived in the mesophytic group.
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Amphibian and reptile assemblages in FN3 suggest that Unit 5 could
correspond to a ‘glacial’ stage (Sánchez-Bandera et al., 2020, 2022). The
associated record of Mammuthus meridionalis and Equus altidens is
linked with the existence of open territories within the regional land-
scape (Martínez-Navarro et al., 1997; Toro-Moyano et al., 2010;
Espigares et al., 2013). In agreementwith these conclusions, the less for-
ested landscapes correspond, according the pollen sequence, to Units 4
and 5. In any case, palynology indicates that local conditions were not
truly cold: the record of thermophilous taxa such as Pistacia, Olea,
Calicotome, Ziziphus, and Ephedra fragilis suggest that there were no fre-
quent frosts. Furthermore, climate would have not been too arid if we
take into account the presence of deciduous Quercus, Quercus suber,
Pinus pinaster, Castanea, Fraxinus, Populus, Salix, Juglans, and Ulmus. Ad-
mittedly, some of these trees may well have behaved as phreatophytes.
Palaeozoological data are still not free from discrepancies in their inter-
pretation about the past landscapes of Unit 5. Agustí et al. (2019) regard
the presence of Apodemus aff. sylvaticus as indicative of a more wooded
habitat than in Units 4, 6 and 7.

7. Final remarks

Saarinen et al. (2021) postulated the predominance of browser diets
for most of the mammal species in OAZ, except for Equus altidens in VM
which is the only notable grazer. In coincidence, grasses would have not
been frequent in FN3 and only relatively frequent in BL Units D2 and E1,
probably corresponding to glacial conditions (Sánchez-Bandera et al.,
2020). According to palynology, open grasslands may have had a lim-
ited presence in the region during the study period (Figs. 16 and 17).
Theywere perhapsmore a fluctuating part ofmore complex heliophytic
communities with Artemisia, Ephedra, Plantago, Amaranthaceae,
Cistaceae, Asteraceae, Lamiaceae, Fabaceae, and Caryophyllaceae,
among others (Figs. 16 and 17). Mediterranean climates, often with
only one rainy season, are not particularly favourable for grass-
dominated biomes (Dallman, 1998; Nogueira et al., 2017).

These findings disagree with the over-generalist viewpoint that sa-
vannas and grasslands are essential to the earliest human expansions
out of Africa, the so-called “savannahstan hypothesis” (Dennell and
Roebroeks, 2005; Dennell, 2009). This is not to deny that physiognom-
ically savanna-like environments may have been important for early
human evolution and dispersal in some regions of Eurasia (Carrión
et al., 2011; Domínguez-Rodrigo, 2014; Zhu et al., 2018; Messager
et al., 2011; Owen-Smith, 2021), but Mediterranean vegetation, modu-
lated long before the Quaternary (Carrión, 2003), and rich in summer-
drought adapted understory, is not prone to grass-dominated commu-
nities. In that sense, paleoherpetofaunal analyses at Dmanisi suggested
the occurrence of a warm and semi-arid climate during hominin pres-
ence, similar to the present-day Mediterranean climate, together with
a slightly higher but much more irregular amount of rainfall (Blain
et al., 2014, 2022). The reconstructed aridity indexes suggest a six
months dry period, fromMay to October, and associated regional paleo-
environment is mainly characterized by Mediterranean forests, wood-
lands, and scrub, and the potential tree coverage is around 25%, that is,
much less forested than today. The stronger links between Poaceae
and early Homo, regardless the continent, can be rather placed at the
evolutionary scale. As pointed out by Carrión et al. (2019b), the evolu-
tion of the grass family after the Cretaceous and its ecological success
during the Neogene must be interpreted as historical contingencies
(ss. Gould, 1989, 2002) for human evolution.

In connectionwith this debate, and through ecometrics-based distri-
bution modelling to analyse environmental conditions for Early and
Middle Pleistocene human sites in Europe, Saarinen et al. (2021) have
concluded that humans tended to occupy a broad diversity of habitats
including woodlands and savannoid biotopes (Figs. 16 and 17), while
avoiding very open environments, whichmight have been inhospitable.
Other authors, such as Finlayson and Carrión et al. (2007), Leroy et al.
(2011), and Kahlke et al. (2011), indicated that the tendency of
21
human fossil and archaeological sites to occur preferentially in areas
with a high diversity of habitats and resources, including large river sys-
tems, especially between 1.7 and 1.3Ma, when humans spread through
the Mediterranean region (Carrión et al., 2011, 2019b). Thereafter dur-
ing the Pleistocene, the situation is not generally different. Thus, thefirst
inhabitants of Cueva Negra del Estrecho del Río Quípar and Sima de las
Palomas sites, in Murcia, are also associated with high phytodiversity
(Carrión et al., 2003b; Walker et al., 2008), and during the Mid-
Pleistocene of Bolomor, Alicante, early Neanderthals lived in biodiver-
sity reservoirs (Ochando et al., 2019).

The difficulties described above to correlate palaeoecological infer-
ences from different palaeobiological assemblages must be the
consequence of disparities in the sources and spatial scales of data. Con-
cerning palynology, the problem with pollen sources is paramount and
well-known (Birks and Birks, 1980). However, palaeobotanical studies
may help interpret fossil assemblages when applied out from the con-
ventional perspective and using complementary proxies and a network
of sites in the same region. A recent work by Barboni et al. (2019) has
shown the connections between hominin evolution and environmental
changes, beyond the conventional wisdom that the principal control
should be obtained from the combination of high-latitude influences
(glacial-interglacial cycles) and low-latitude insolation forcing (e.g.
monsoonal rainfall changes) (e.g. Trauth et al., 2007; Potts and Faith,
2015). Barboni et al. (2019) paid due attention to environmental
changes at basinal and local scales to show deviations from regional
trends and document the relevance of groundwater to the first hominin
record in the Awash Valley, Ethiopia, and Lake Eyasi-Lake Manyara re-
gion, Tanzania.

This could be the case with Early Pleistocene OAZ. A mosaic land-
scape has been depicted with groundwater-fed springs, Mediterra-
nean forests and scrub, mountain mixed forests with Eurosiberian
and Arctotertiary trees, and more arid biotopes including saline de-
pressions and xerophytic scrub on marls and gypsic soils (Figs. 16
and 17). Geophysical complexity in OAZ would come to shape eco-
systems, biodiversity, and in the long term, plant geography and
evolution.

Little is known about the rest of the Pleistocene in the region
(Carrión, 2002a; Carrión et al., 2003b, 2013, 2019a; Camuera et al.,
2019), but detailed Holocene pollen sequences (Carrión et al., 2003a,
2004, 2007; Ramos-Román et al., 2018; Jiménez-Moreno et al., 2019)
suggest that mid-elevation intramontane valleys may have been the
last hydro-refugia facilitating the development of mixed forests with
deciduous trees and a diversity of woody species superior to that ob-
served inmodern ecosystems (Blanco-Castro et al., 2005). These forests
would have remained inmountains until the lastmillennia, or even cen-
turies (Carrión et al., 2003a, 2007; Gil-Romera et al., 2009, 2010; Connor
et al., 2019). This allows us a conservationist corollary that can be
expressed almost metaphorically. It seems that the levels of tree diver-
sity and disparity of forest communities exhibited by the Iberian Ter-
tiary ecosystems (Postigo-Mijarra et al., 2009, 2010; Barrón et al.,
2010; González-Sampériz et al., 2010; Magri et al., 2017) have not
been reached since. Thus, considering that most European regions, es-
pecially at higher latitudes, suffer climatically-induced regional extinc-
tions of tree species earlier than in the Iberian Peninsula (Carrión and
Fernández, 2009; Carrión et al., 2010; Verdú et al., 2020), the Early Pleis-
tocene would be here the continent's last moment of forest grandeur.
The Iberian southeast would have been in turn, and essentially, a sce-
nario of survival, with delayed and less dramatic extinctions, but finally
disrupted by the action of humans, exceeding the macroclimatic forces
of taxonomic and ecological amputation.
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