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Mediterraneanmountains played an essential role during glacial periods as vegetation refugia. The SE Iberia Late
Pleistocene woody angiosperm fossil and floristic evidences are reviewed in the context of phylogeographical
studies aiming to identify (i) spatial patterns related to woody angiosperms glacial survival, (ii) structural and
functional characteristics of montane refugia, and (iii) gaps in knowledge on the woody angiosperm patterns
of survival in Mediterranean mountains. The distribution of palaeobotanical data for SE Iberia refugia has been
found to be taphonomically biased due to the scarcity of available and/or studied high-altitude Late Pleistocene
sites. However, Siles Lake data together with floristic inference provide evidences for woody angiosperms' sur-
vival in a high-altitudeMediterranean area. Themain features boosting survival at montane contexts are physio-
graphic complexity and water availability. Phylogeography studies havemainly been conducted at a continental
scale. Although they cohere with palaeobotanical data to a broad scale, a general lack of sampling of SE Iberian
range-edge populations, as well as misconceptions about the origin of the populations sampled, impede to
infer the proper location of woody angiosperms' mountain refugia and their importance in the post-glacial
European colonisation. We conclude that floristic, geobotanical, palaeobotanical, ethnographical and genetic
evidence should be merged to gain a deeper understanding on the role played by Mediterranean mountains
as glacial refugia in order to explain the current distribution of many plants and the large biodiversity levels en-
countered in Mediterranean mountain areas. This is hallmark for effective and efficient conservation and
management.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Most glacial refugia theories in Europe suggest that temperate spe-
cies survived the cold and dry stages in southern strongholds with little
gene flow among them (Tzedakis et al., 2013). Those refuged temperate
species colonised northern territories as soon as the glaciers retreated
(e.g., Bennett and Provan, 2008; Gavin et al., 2014; Hofreiter and
Stewart, 2009; Médail and Diadema, 2009; Tzedakis et al., 2013;
Willis, 1996). In this scenario, the role of the Mediterranean peninsulas
(Iberian, Italian and Greco-Balkan) seems to have been crucial for the
fragmentation and re-distribution of species' ranges. However, these
peninsulas are not environmentally homogeneous. Physiographical
and climatological diversity mirrors on the past and present plant pop-
ulations' ranges. This heterogeneity has likely shaped the distribution of
.rodriguez@gmail.com
refuged flora during cold stages. Smaller-scale refugia, for example, are
predicted in these heterogeneous territories during unfavourable envi-
ronmental conditions (Gómez and Lunt, 2007).

Médail and Diadema (2009) recognised 52 Mediterranean glacial
refugia based on the phylogeographical patterns of 82 plant species,
including 41 herb and 41 tree taxa. Yet again, the role of the southern
European peninsulas was emphasised with the presence of 25 refugia
cohering areas of endemism and hotspots. In line with Médail and
Diadema (2009), refugia are classified in three categories: Type
1)moistmid-altitude refugia (400–800masl) suited to altitudinal shifts
of vegetation belts in response to environmental change, or in situ sur-
vival; Type 2) deep gorges and closed valleys, with uninterruptedmois-
ture availability, and Type 3) low-altitude sites such as valley bottoms,
coastal plains and wetlands, particularly sensitive to changes in aridity.
According to this model, more than half of the refugia are located in
“submontane [areas] and mountain margins” (Médail and Diadema,
2009, pp. 1338). However, the inclusion of palaeobotanical data points
to the occurrence of intramontane refugia (Carrión, 2002b; Pons and
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Reille, 1988; Tzedakis et al., 2004). The importance of high-altitude belts
as refugia forwoodyMediterranean andmesophytic taxamaywell have
been undervalued. This review aims to fill this gap. South-eastern Iberi-
an mountains are taken as a model owing to the presence of refugia
dating from the last glacial (MIS 2) (Carrión, 2002b). Aiming to evaluate
the Late Pleistocene survival of woody angiosperms (i.e., mesophytes,
Mediterranean taxa and Ibero-Maghrebian scrub) considering the likely
relevant role of high-altitude Mediterranean mountains, palaeobotanical
and phylogeographical data are combined in order to (i) explore spatial
patterns related to woody angiosperms glacial survival, (ii) infer high-
altitude refugia structural and functional features, and (iii) identify gaps
in knowledge hampering the understanding of woody angiosperms
survival patterns in Mediterranean mountains.

2. South-eastern Iberia: environmental setting

The Iberian Peninsula is structured around an Inner Plateau crossed
and surrounded by mountains. The Pyrenees and Iberian Ranges
frame the Ebro valley in the north-east (Fig. 1). The Inner Plateau is
surrounded by the Cantabrian Range in the north and the SierraMorena
and the Baetic Ranges in the south, with the Central System dividing the
Inner Plateau in two (Fig. 1). These mountain systems and ranges make
Iberia a largely heterogeneous land. Altitude gradient overlaps with
slope orientation and triggers an uneven distribution of temperatures.
Springs and creeks carve sometimes deep gorges and ravines diversify-
ing the geologically complex landscape. Rain-shadow effects also
contribute to the landscape heterogeneity and have large importance
on plant distribution. Considering the unique mountainous character
Fig. 1. (a) Iberian thermoclimatic belts, and (b) palaeobotanical records considered in this study
and Van Geel, 1999), V) Villaverde (Carrión et al., 2001a), S) Siles Lake (Carrión, 2002b), and C
of Iberia and the fact that these mountains harbour a large portion of
the Iberian plant diversity, the role that highlands have played in the
current species distributions is obvious (Loidi, 1999).

In southern Iberia, the Baetic ranges intercept water-laden winds
on western faces, allowing Quercus suber development in the thermo-
andmesomediterranean belts. In particularly favourable humid locations
and gorges, broad-leaved trees (Q. canariensis, Q. faginea ssp. broteroi),
palaeotropical elements (Davallia canariensis, Laurus nobilis, Rhododen-
dron ponticum) and the endemic Abies pinsapo grow in the meso- and
supramediterranean (Aparicio Martínez and Silvestre Domingo, 1987;
Pérez Latorre et al., 1999). Eastwards, the less water-demanding Q. ilex
ssp. ballota inhabits the meso- and supramediterranean with semi-
deciduous oaks (mostly Q. faginea ssp. faginea, and locally Q. pyrenaica).
Conifers become more abundant eastwards, with the xerophytic Pinus
halepensis incorporated into the thermomediterranean scrub, and
P. pinaster and P. nigra sharing the supramediterranean belt with semi-
deciduous Quercus. Higher altitudes (N1500–1700 m asl) are inhabited
bymountain pinewoods (P. nigra and, to a lesser extent, P. sylvestris), giv-
ing way to open pulvinular scrub (Juniperus communis, Erinacea anthyllis,
Genista versicolor, Echinospartum sp.) and alpine pastureland in the upper
oro- and crioromediterranean belts (Blanca, 2002; Lorite, 2001; Valle
Tendero et al., 1989; Sánchez Gómez et al., 1997).

In SE Iberia, a semi-arid fringe extends beneath the Baeticmountains
rain-shadow, hosting a singular Ibero-Maghrebian scrub composed
of xerothermic elements (Periploca laevigata, Whitania frutescens,
Lycium intricatum, Osyris quadripartita, Chamaerops humilis, Maytenus
senegalensis and Tetraclinis articulata) (Sainz Ollero et al., 2010;
Sánchez Gómez and Alcaraz Ariza, 1993; Sánchez Gómez et al., 1997).
. Blank dots refer to Pleistocene sites (Table 1). Lettered dots refer to N) Navarrés (Carrión
) Cañada de la Cruz (Carrión et al, 2001b).
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The intramontane high-altitude depressions (“hoyas”) hold an Irano-
Turanian vegetation of perennial xerophytic grasses (e.g., Stipa and
Lygeum), halophilous chenopods (Suaeda, Salsola, Halocnemum,
Arthrocnemum, Sarcocornia), and central European disjunctions such
as Krascheninnikovia ceratoides (Blanca and Morales, 1991; Sainz
Ollero et al., 2010).

Overall, SE Iberian vegetation landscapes present high mosaicism.
Tertiary palaeotropical taxa live together with mesic, Mediterranean
and subtropical xerothermic species in a mosaic resulted from a com-
plex palaeogeographical history (Aparicio Martínez and Silvestre
Domingo, 1987; Blanca, 1993; Molina-Venegas et al., 2015a, 2015b;
Pérez Latorre et al., 1999). This unique environmental setting is the rea-
son for selecting SE Iberia as a model for studying the role of Mediterra-
nean mountain refugia. In spite of the former, woody angiosperms
constitute the most comprehensive assemblage of palaeobotanical re-
mains whose discrimination is achievable, at least, at genus level.
Typological taxonomy ruled in palaeobotanical works is followed with
reference to fossil remains (Carrión et al., 2015), whereas in reference
to extant species and distributions the proposals of Flora Ibérica
(www.floraiberica.org) and Anthos project (www.anthos.es) are
followed. Ecological characterisation into mesophytes, Mediterranean
taxa and Ibero-Maghrebian scrub follows the general consensus
adopted by most palaeobotanical papers, and it is supported by Flora
Ibérica and floristic and ecological works (Carrión et al., 2001a,b, 2015).

3. Late Pleistocene survival in SE Iberian mountains

Palaeobotanical sites of the Iberian Pleistocene are unevenly distrib-
uted (Gónzalez-Sampériz et al., 2010). They are scarce in SE Iberia, i.e.
from the 114 sites compiled by Gónzalez-Sampériz et al. (2010) for Ibe-
ria; only 32 are located below 40°. In order to assess the Late Pleniglacial
survival ofmesophytic,Mediterranean and Ibero-Maghrebian taxa (MIS
2, 24 cal. ka BP, Clark et al., 2009), 26 SE Iberian sites have been selected
(Table 1). Due to low taxonomic resolution andweak chronology, Hoyo
de la Mina, Salines, River Aguas, Cueva Negra, Ratlla del Bubo and Sima
Table 1
List of SE Iberian Pleistocene palaeobotanical sites considered in this work.

Site
number

Site Coordinates Altitude
(m asl)

Material

1 Algarrobo cave (Murcia) 37°38′N 1°17′W 290 Pollen
2 Ambrosio cave (Almería) 37°49′N 2°5′W 950 Charcoal
3 Bajondillo (Málaga) 36°38′N 4°29′W 0 Pollen
4 Boquete de Zafarraya (Málaga) 36°56′N 4°07′W 1022 Pollen Charcoa
5 Carihuela cave (Granada) 37°26′N 3°25′W 1020 Pollen Charcoa

6 Cova Beneito (Alicante) 38°48′N 0°28′W 680 Pollen Charcoa
7 Cova Bolumini (Alicante) 38°50′N 0°00′W 170 Charcoal
8 Cova d'en Pardo (Alicante) 38°44′N 0°26′W 500 Pollen
9 Cova de Les Cendres (Alicante) 38°41′N 0°09′E 45 Charcoal
10 EL Asperillo (Huelva) 37°04′N 2°88′W 50 Pollen
11 Gorham's cave (Gibraltar) 36°07′N 5°20′W 5 Pollen Charcoa
12 Laguna de San Benito (Valencia) 38°56′N 1°06′W 671 Pollen
13 Laguna de Villena (Alicante) 38°37′N 0°55′W 502 Pollen
14 Las Ventanas cave (Granada) 37°26′N 3°26′W 1056 Pollen
15 Les Calaveres cave (Alicante) 38°47′N 0°01′W 180 Pollen
16 Malladetes cave (Valencia) 39°00′N 0°17′W 500 Pollen
17 Mari López (Huelva) 37°01′N 6°19′W 0 Pollen
18 Navarrés (Valencia) 39°06′N 0°41′W 225 Pollen

19 Nerja cave (Málaga) 36°45′N 3°50′W 110 Charcoal
20 Padul (Granada) 37°00′N 3°36′W 723 Pollen

21 Perneras cave (Murcia) 37°32′N 1°25′W 100 Pollen
22 San Rafael (Almería) 36°46′N 2°37′W 8 Pollen
23 Santa Maira (Alicante) 38°43′N 0°13′W 650 Charcoal
24 Siles lake (Jaén) 38°23′N 2°30′W 1320 Pollen
25 Tossal de La Roca (Alicante) 38°47′N 0°15′W 650 Pollen
26 Túnel dels Sumidors (Valencia) 38°53′N 0°41′W 500 Pollen

a MIS (Marine Isotope Stage).
de las Palomas (Badal, 1991; Carrión et al., 2003; Giralt et al., 1999;
Schulte et al., 2008; Walker et al., 2006, Uzquiano, unpublished data)
were excluded. For the 26 selected sites, 268 presences of 41 woody
angiosperms (23 mesophytic, 14 Mediterranean thermophytic and 6
xerophytic Ibero-Maghrebian taxa) are recorded at low and high eleva-
tions (Fig. 2). Viburnum and Rhamnus comprise both mesophytic and
Mediterranean taxa in the study area (Table 2).

3.1. Mesophytes

Mesophytes include broad-leaved deciduous trees, Ilex, Hedera and
Vitis, and appear from coastal areas to high-altitudes. Most remains
are deciduousQuercuspollen. This pollen type comprises several species
(Table 2), including sometimes Q. suber, whose palynological discrimi-
nation can be challenging (Carrión et al., 2000). Charcoal and pollen of
Alnus, Betula, Corylus, Ulmus and Salix occur in several sedimentary con-
texts from sea level up to 1320 m asl (Fig. 2).

Acer occurs mostly atmid-altitude; while Sambucus, Hedera, Ilex and
Juglans present scattered evidences with no altitudinal pattern. Al-
though woody Rosaceae remains hardly appear in the palaeobotanical
record, Prunus and Sorbus/Crataegus charcoal have been found at
100–1100 m asl. Carpinus and Tilia are present in four mid-altitude
sites, while Populus is restricted to two mid-altitude sites (Fig. 2).

Ligustrum and Vitis pollen are only present in Malladetes Cave
(500 m asl), while Frangula and Castanea pollen only in Gorham's
Cave (Gibraltar, 5 m asl) (Fig. 2).

3.2. Viburnum, Rhamnus and Mediterranean taxa

Although Viburnum species are insect-pollinated, their pollen grains
are not rare in Mediterranean sites (Carrión et al., 2015). Viburnum pol-
len presence is discontinuous along the altitudinal gradient (Fig. 2).
These pollen grains are usually ascribed to V. tinus, themostwidespread
species. However, V. lantana and V. opulus are also present in the area
and, plausibly, the three species may have grown together in humid,
Chronology
(only Pleistocene)

References

MISa 2 Munuera and Carrión (1991)
MIS 2 Rodríguez-Ariza (2005)
MIS 3–MIS 2 López-Sáez et al. (2007)

l MIS 3 Lebreton et al. (2006), Vernet and Terral (2006)
l MIS 5 to MIS 2 Carrión (1992a), Carrión et al. (1998, 1999),

Fernández et al. (2007)
l MIS 3–MIS 2 Carrión (1992b), Carrión and Munuera (1997)

MIS 2 Badal (1991)
MIS 2 Soler et al. (1999)
MIS 3–MIS 2 Badal (1991), Vernet (1997), Badal and Carrión (2001)
MIS 2 Stevenson (1984)

l MIS 3–MIS 2 Carrión et al. (2008)
MIS 3–MIS 2 Dupré et al. (1996)
MIS 4 to MIS 2 Yll et al. (2003)
MIS 2 Carrión et al. (2001c)
MIS 3–MIS 2 Dupré (1988)
MIS 3–MIS 2 Dupré (1988)
Middle–Late Pleistocene Zazo et al. (1999)
MIS 3–MIS 2 Carrión and Dupré (1996),

Carrión and Van Geel (1999)
MIS 2 Badal (1991), Vernet (1997), Aura et al. (2002)
MIS 11 to MIS 2 Florschütz et al. (1971), Pons and Reille (1988),

Ortiz et al. (2004)
MIS 3–MIS 2 Carrión et al. (1995)
MIS 2 Pantaleón-Cano et al. (2003)
MIS 2 Aura et al. (2005)
MIS 2 Carrión (2002b)
MIS 2 López-Sáez and López-García (1999), Uzquiano (1988)
MIS 2 Dupré (1988)

http://www.floraiberica.org)
http://www.anthos.es)


704 S. Manzano et al. / Catena 149 (2017) 701–712
well-developed humus rich soils (SánchezGómez et al., 1997).Rhamnus
is continuously found along the altitudinal gradient. This genus com-
prises both deciduous and perennial species, including mesophytes
(Rh. cathartica, Rh. alpina), Mediterranean thermophytes (Rh. alaternus,
Rh. lycioides), and hyperthermophytes (Rh. velutina; Rivas-Martínez and
Pizarro, 2011).

Mediterranean thermophytes, such as evergreenQuercus (Q. ilex and
Q. coccifera), Olea, Pistacia, Phillyrea, Buxus, Myrtus and Arbutus are well
represented at all altitudes in the palaeobotanical record (Fig. 2). Smilax
appears in a mid-altitude site only, and the punctual presences of
Q. suber, Myrica, Coriaria and Cneorum are restricted to altitudes below
500 m asl (Fig. 2).

3.3. Ibero-Maghrebian scrub

Subtropical summer-deciduous thorns, hemi-parasitic Osyris and
the thorny legume Calicotome compose the Ibero-Maghrebian scrub as-
semblage. Its palaeobotanical record is restricted to pollen at five low-
altitude sites (Fig. 2). Lycium is themost recurrent pollen type in this as-
semblage.Osyris, Periploca andWhitania are only found in Perneras Cave
(200 m asl), while Maytenus and Calicotome are exclusive to Gorham's
(5m asl) (Fig. 2). Zoophilous taxa are, although overall underrepresent-
ed in the palynological record (Carrión, 2002a), found in Gorham's fossil
dung (Carrión et al., 2008).

3.4. High-altitude refugia?

In order to test Médail and Diadema's (2009) refugia model,
the abundance of palaeobotanical data (Fig. 2) and bioclimatic
belts is compared. Bioclimatic belts follow Carrión (2002a,b):
thermomediterranean (b500 m asl), mesomediterranean (500–
1000 m asl) and supramediterranean (N1000 m asl). No oro- and
crioromediterranean Pleistocene sites have been studied so far in SE
Iberia. Rawanalysis of the contingencematrix shows amajor concentra-
tion of fossil records in themesomediterranean belt (χ2 = 103.11; df=
2, P N 0.05), as implied by Type 1 refugia. However, the correction of the
data taking into account the number of sites per belt does not show an
altitudinal bias (χ2= 3.11; df= 2, P b 0.05), indicating that the altitudi-
nal distribution of woody angiosperms Pleistocene refuges is mostly
Fig. 2.Mesophytic, Mediterranean and Ibero-Maghrebian woody angiosperm taxa prese
explained by a skew in the fossil record towards lowlands rather than
to ecological or geographical features. The widely-recognised Type 1
mid-altitude refugia (400–800 m asl) are supported by 8 sites (Figs. 1
and 2). The more spatially constrained Type 2 refugia existing in sites
with continued moisture availability are confirmed by the presence of
mesophyte and sclerophyllous taxa in Carihuela, Las Ventanas,
Malladetes, Nerja, Cendres, Santa Maira, Tossal de la Roca, d'en Pardo,
Bolumini, Ambrosio, Calaveres, Beneito, Padul and Siles (Figs. 1 and 2,
Table 1). Type 3 refugia appear at a wide range of low-altitude sites
with diverse geomorphology: the coastal Mari López and San Rafael
marshlands, the Bajondillo, Gorham, Nerja and Les Cendres caves, the
perched peat levels of El Asperillo sand cliff, and the warm and moist
Les Calaveres, Perneras and Navarrés (Figs. 1 and 2, Table 1).

High-altitude mountains are usually ignored in refugia models, as
sites lying above ca. 800m asl are usually excluded from the theoretical
glacial refugia framework (Bennett and Provan, 2008; Gavin et al., 2014;
Hofreiter and Stewart, 2009;Médail and Diadema, 2009; Tzedakis et al.,
2013;Willis, 1996). It seems counter intuitive that high-altitude refugia
existed during cold periods. Nonetheless, evidence of them has been
found during the Late Pleniglacial in the Ambrosio, Las Ventanas and
Carihuela caves (Figs. 1 and 2), with the presence of mesophytes and
sclerophylls above 950 m asl. Siles Lake is outstanding for the western
Mediterranean because its pollen record comprises the uninterrupted
occurrence of meso-thermophilous angiosperms from ca. 20,300 to
500 cal. yr BP in a high plateau context (1320 m asl, Carrión, 2002b).
Refuged taxa in these sites account for the conception of a fourth type
of refuge (Type 4 or mountain refugia).

4. Vegetation dynamics in an altitudinal gradient

4.1. Past vegetation records

The Late Pleistocene to Mid-Holocene SE Iberian vegetation history
shows a dynamic picture that can be partially representative of the
Last Glacial climate fluctuations. Even if environmental variation during
the cold and dry Weichselian occurred at a narrower scale (Carrión,
2003), the effects that changes inmoisture availability and temperature
had on the expansion and contraction of woody angiosperms in the
mid- to high-altitude mountains are likely to be comparable.
nces in Late Pleniglacial sites from SE Iberia. Site numbers as in Table 1 and Fig. 1b.



Table 2
Extant floristic and phylogeographic evidence for mesophytic and Mediterranean taxa occurring during MIS 2 in SE Iberian mountains.

Floristic evidencea Material and methods Main conclusions References

Molecular marker:
method

Iberian
sampling

Iberian/total
populations;
Iberian/total
haplotypes

Aceraceae
Acer granatense, A. monspessulanum – – – – –

Anacardiaceae
Pistacia lentiscus, P. terebinthus – – – – –

Aquifoliaceae
Ilex aquifolium cpDNA: PCR-RFLP,

nDNA: microsatellites
No Sb 3/16; 0/8 Iberian and Italian refugia. Possible Balkanic. Recolonisation

through Atlantic coast from southern refugia.
Rendell and
Ennos (2003)

Araliaceae
Hedera helix cpDNA: PCR-RFLP,

microsatellites
No S and SEb 5/27; 2/13 Iberian and Balkans refuge. Putative refugia in

Alps/Apennines.
Grivet and
Petit (2002)

Hedera hibernica cpDNA: PCR-RFLP,
microsatellites

No SEb 5/27; 0/13 Iberian refuge. Post glacial migration from W Iberia Atlantic
populations.

Grivet and
Petit (2002)

Betulaceae
Betula pendula (ssp. fontqueri) cpDNA: PCR-RFLP No Sb 3/47; 0/13 Iberian and Italian refugia (but not into recolonisation of

Europe). Mid latitude (E &W) refugia origin of
recolonisation.

Palmé et al.
(2003b)

Corylus avellana cpDNA: PCR-RFLP,
microsatellites

No Sb 3/26; 0/10 Western refugia origin of recolonisation. Range-edge
highest variability (Italian & Balkan peninsulas).

Palmé and
Vendramin
(2002)

Buxaceae
Buxus sempervirens – – – – –

Caprifoliaceae
Sambucus ebulus. S. nigra – – – – –
Viburnum lantana, V. opulus, V. tinus – – – – –

Ericaceae
Arbutus unedo – – – – –

Fagaceae
Castanea sativa cpDNA, mtDNA:

PCR-RFLP
No SE. Only
W

14/38; 0/11 Iberian refugia (possible) All Ib. populations polymorphic. Fineschi et al.
(2000)

Quercus faginea (ssp. faginea) cpDNA: PCR-RFLP Spread. No
relict

200/200;
14/14

Iberian W/E/S coastal refugia inland and uphill
recolonisation.

Olalde et al.
(2002)c

Quercus pyrenaica cpDNA: PCR-RFLP Spread. No
relict E/SE

200/200;
14/14

Iberian W/E/S coastal refugia inland and uphill
recolonisation.

Olalde et al.
(2002)c

Quercus ilex ssp. ballota cpDNA: PCR-RFLP Spread. No SE 42/174;
9/24

Iberian, S Italian, Balkanic, N African refugia Lumaret et al.
(2002)

Quercus suber cpDNA: PCR-RFLP SW and NE.
No SE

34/91; ?/9 S Iberian, S Italian, S Balkanic and N African refugia. Lumaret et al.
(2005)

Quercus alpestris, Q. cocciferad, Q.
lusitanica

– – – – –

Juglandaceae
Juglans regia – – – – –

Myrtaceae
Myrtus communis cpDNA: region

sequencing
SW and E 4/173; 0/14 No glacial refuge inference. Migliore et al.

(2012)

Oleaceae
Fraxinus angustifolia cpDNA: microsatellites,

cpSSRs
Spread. No SE 5/70; 1/18 S Apennines refugia. Hybridisation in glacial refugia

(F. excelsior).
Heuertz et al.
(2006)

Fraxinus ornus cpDNA: microsatellites,
cpSSRs

– 0/59; 0/4 Italian, Balkanic and N Turkish refugia. Heuertz et al.
(2006)

Ligustrum vulgare – – – – –
Olea europaea (ssp. sylvestris) cpDNA: SNP Spread. Incl. S

and SE coast.
16/108;
0/42

Strait of Gibraltar, Near the East and the Aegean reugia. Besnard et al.
(2002)

Phillyrea angustifolia, P. latifolia – – – – –

Rhamnaceae
Frangula alnus cpDNA: PCR-RFLP E and W

Baetics
10/78; 7/21 Recolonisation of Europe from Balkans solely. Only 1 Iberian

haplotype in more than mountain range.
Hampe et al.
(2003)

Rhamnus alaternus, Rh. alpinus, Rh.
catharticus, Rh. infectoria, Rh.
lycioides, Rh. myrtifolius, Rh. oleoides,
Rh. pumila, Rh. saxatilis

– – – – –

Rosaceae

(continued on next page)
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Table 2 (continued)

Floristic evidencea Material and methods Main conclusions References

Molecular marker:
method

Iberian
sampling

Iberian/total
populations;
Iberian/total
haplotypes

Crataegus monogyna cpDNA: PCR-RFLP No Sb 3/21; 0/4 Weak phylogeographical structure. Fineschi et al.
(2005)

C. granatensis – – – – –
Prunus spinosa cpDNA: PCR-RFLP No Sb 3/25; 2/32 S European refugia (inferred). Mohanty et al.

(2002)
Prunus avium, P. insititia, P. mahaleb,
P. postrata, P. ramburii.

– – – – –

Sorbus aria, S. domestica, S. hybrida,
S. torminalis

– – – – –

Salicaceae
Populus alba cpDNA: PCR-RFLP ? 1/26; 0/57 Further samples in S Iberia needed to establish conclusions Fussi et al.

(2010)
Populus nigra cpDNA: PCR-RFLP NE. No S 100/671

(trees);
38/81

Central-NE Iberian, Italian and N Balkans refugia. Need of
more structured sampling in Iberia.

Cottrell et al.
(2005)

Populus × canescens cpDNA: PCR-RFLP – 0/26; – – Fussi et al.
(2010)

Salix atrocinerea cpDNA: PCR-RFLP No Sb 1/2; – Hybridisation with S. caprea. Haplotypes are not traceable
to original sp.

Palmé et al.
(2003a)

Salix caprea cpDNA: PCR-RFLP No Sb 2/24; 0/32 High latitude refugia. More variation in Central-N Europe. Palmé et al.
(2003a)

Salix alba, S. eleagnos, S. fragilis. S.
hastata, S. neotricha, S. purpurea,
S. triandra

– – – – –

Santalaceae
Osyris quadripartita – – – – –

Ulmaceae
Ulmus glabra cpDNA: PCR-RFLP Spread. Incl. S

and SE
?/92 (trees);
0/31

No glacial refuge inference. Gil et al.
(2004)

Ulmus minor cpDNA: PCR-RFLP,
nDNA: microsatellites &
AFLP

Spread. Incl. S
and SE

?/348
(trees);
0/31

No glacial refuge inference. Strong influence of human
propagation on genetic structure.

Gil et al.
(2004)

Vitaceae
Vitis sylvestris nDNA: microsatellites SW and N 9/32; – Iberian, Italian and Caucasus refugia. No recolonisation from

Iberian populations.
Grassi et al.
(2008)

a See text for full references.
b Papers derived from CYTOFOR PROJECT. Samples in Iberia only from Pyrenees, Galicia (NW) and Central Range.
c Olalde et al. (2002) is centred in the Iberian Peninsula.
d Although included in López de Heredia et al. (2007), no works on this species is comprehensive enough as to draw conclusions.
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The Late Pleniglacial Siles and Navarrés palynological records
(Carrión, 2002b; Carrión and Van Geel, 1999), together with the Early
Holocene Villaverde and Cañada de la Cruz records (Carrión et al.,
2001a,b), were presented in an altitudinal context by Carrión (2002b).
This review allowed the reconstruction of the vegetation response to
different environmental forcings at a local and regional scale.

The Late Pleniglacial and Late Glacial record (ca. 20–12 cal. ka BP,
Fig. 3a) is restricted to the high-altitude Siles (1320 m asl) and the
low-altitude Navarrés (225m asl) records. The landscapewas dominat-
ed by a steppe composed by Poaceae, Artemisia and Ephedra, with
Juniperus and Pinus (P. nigra and, to a lesser extent, P. sylvestris, as in-
ferred from anthracological evidence, Roiron et al., 2013). Junipers and
pines would appear scattered throughout the widespread cold and
arid landscapes (Carrión, 1992a; Carrión et al., 1998; Fernández et al.,
2007; Pons and Reille, 1988). Nevertheless, Siles Lake accounts for
high-altitude woody angiosperm glacial survival (Fig. 2) with the con-
tinuous presence of Mediterranean and mesophytic taxa such as both
evergreen and deciduous Quercus, Betula, Corylus, Fraxinus, Salix,
Ulmus, Rhamnus, Olea, Pistacia, Phillyrea, Buxus and Arbutus. Broad-
leaved forests must have been discontinuous, and related to the nearby
existence of gullies and ravines. Exposed situations with trees are how-
ever possible, like it is seen today in the Cantabrian and Sierra Nevada
ranges with Quercus ilex ssp. ballota, which grows punctually above
the mesophytic belt (Blanca, 2002; Fernández, 1981).

During the period comprised between 12 and 8 cal. ka BP (Fig. 3b) a
species-poor understorey Pinus forest of varying density is inferred as
the dominant vegetation. Pinus forest expanded through an altitudinal
displacement of the timberline over the cryoxerophylous grassland–
scrub composed by Juniperus, Artemisia, Ephedra and Chenopodiaceae/
Amaranthaceae. Pine and xerophyte dynamics were likely controlled
by aridity and fire disturbance. During this transition, mesophytes
attained a minimum. Deciduous Quercus are absent from Cañada de la
Cruz, and scantly dispersed in Navarrés and Villaverde. However, decid-
uous Quercus curve is continuous in the high-altitude Siles, with the
presence of Betula, Corylus, Fraxinus, Salix, Ulmus and Hedera. Although
the Holocene onset meant a rise in temperature, the humidity (i.e.
water availability) was much lower, likely hampering the development
of mesophytes at mid- to low-altitudes and displacing them towards
high-altitudes (Carrión, 2002b). The aridity characterising this period
favoured a rise of Mediterranean taxa. In the low-altitude Villaverde, a



Fig. 3. Altitudinal vegetation dynamics in the Segura Mountains (SE Iberia) for the last 20,000 years ago: (a) Late Pleniglacial and Late Glacial, (b) Late Pleistocene and Early Holocene,
(c) Holocene Mesophytic Optimum, and (d) Mid-Holocene. Based on Carrión (2002b).
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continuous curve of evergreen Quercus appears together with Pistacia,
Olea, Cistus and Erica. However, the presence of evergreen Quercus in
the high-altitude Siles remains punctual with scattered increases,
although Pistacia, Oleaceae, Cistus and Erica occur continuously.

The more humid conditions reconstructed for the Holocene Meso-
phytic Optimum (8–5 cal. ka BP, Fig. 3c) supposed a woodland altitudi-
nal migration. On the one hand, high-altitude areas experienced a
pinewood rise and a grassland–scrub demise. On the other hand, decid-
uousQuercus forests replaced themid- tohigh-altitude Pinus formations
at ca. 7.4–5 cal. ka BP. Oaks were accompanied by other mesophytes
such as Acer, Betula, Corylus, Fraxinus, Salix, Ulmus, Juglans, Hedera and
Ilex. This mesophytic assemblage was replaced by Mediterranean ever-
greenQuercus forestswith Ericaceae, Pistacia, and Phillyrea from5 cal. ka
BP onwards, indicating more restricted moisture conditions after the
Mesophytic Optimum.

The expansion of Pinus, xerophytic grassland–scrub and Mediterra-
nean sclerophylls in mid- and high-altitudes characterises the 5–3 cal.
ka BP vegetation dynamics (Fig. 3d). This fact is likely to be related to
a Western Mediterranean aridification trend (Anderson et al., 2011;
Jiménez-Espejo et al., 2014; Jiménez-Moreno et al., 2015). On the con-
trary, mesophytes experienced a decline, restricting their survival to
scattered pockets amid mountain pines. Fire events and a series of an-
thropogenic disturbance-mediated, rapid displacements between
mountain Pinus and Pinus pinaster-evergreen Quercus are recorded.
The spread of drought-tolerant sclerophylls and high-altitude xerophyt-
ic taxa confined pines to a thin belt until fire and anthropogenic distur-
bance stabilised at 3 cal. ka BP. From this time onwards, humans seem to
be the main factor controlling vegetation change (Carrión, 2002b).

4.2. Factors controlling taxa survival

Siles Lake is deprived of stream connections and fed by precipitation
and runoff from a relatively small catchment (3 × 1.5 km). The basin is
located in an elevated flat polje surrounded by a series of deeply incised
thermic gorges (Carrión, 2002b). Why survival was possible in such a
context? The evidence for non-cryophilous taxa in montane contexts
during the Late Pleniglacial provides insights to understand it. TheHolo-
cene temperature rise might not explain solely refuged vegetation dy-
namics in the Mediterranean Region, as its climate is characterised by
summer drought (Breckel, 2002) and water is a limiting factor for Med-
iterranean plants (Galmés et al., 2007), so soil water availability likely
played a major role. On the other hand, cold winter temperatures
imply shorter vegetative periods, in adaptation towhich deciduous spe-
cies shed their leaves. However, spring refoliation is awater-demanding
process hampered when prevailing low temperatures are combined
with water availability restrictions during the vegetative period. Under
the cold Late Pleniglacial temperatures, themesophytes andMediterra-
nean taxa survival at Siles was possible only in places without water
availability restrictions, so thermic gorges played a very important
role as woody vegetation refuges. Thus, it is plausible that the main fac-
tor limiting woody angiosperm presence in Mediterranean mountains
was water availability rather than low temperatures (Cowling and
Skyes, 1999; Leroy and Arpe, 2007). Hence, the survival of small pockets
of mesic and thermophytic taxa in mountain areas cannot be regarded
as merely anecdotal. This phenomenon is not more often incorporated
into models probably because of the scant high-altitude Mediterranean
palaeobotanical record.

The presence of refugia seems, therefore, related to a number of
physiographical features that assure continuous water availability. Nar-
row and incised gorges at mid- to high-altitude provide protection
against wind-induced desiccation, survival in valley bottoms is assured
by in situ moisture accumulation in deep soils, while coastal enclaves
tend to be exposed to moisture loaded winds that reduce water stress.
Survival in rockwalls and crevices wouldmean no competition, protec-
tion against ecosystem disturbance and in porous rocks, such as lime-
stones, a more or less continuous water reservoir.
5. Floristic and phylogeographical evidence for montane refugia

While the palaeobotanical record provides information on past taxa
presence, identification to species level is limited. For such reason, flo-
ristic and genetic investigations are very helpful, as they provide a larger
level of taxonomical detail. Current floristic presence of mesophytes,
Mediterranean and Ibero-Magrebian taxa in SE Iberian mountains
(Blanca, 2002; Blanca and Morales, 1991; Gómez Mercado, 2011;
López Vélez, 1996; Lorite, 2001; Sánchez Gómez and Alcaraz Ariza,
1993; Sánchez Gómez et al., 1997; Valle Tendero et al., 1989) has been
compared with phylogeographical studies. Table 2 includes those
species whose putative survival in mid- and high-altitude settings is
supported by palaeobotanical data (Fig. 2). The complete list of the SE
Iberian Mediterranean and mesophytic mountain woody angiosperms
is provided in Supplementary Information. Widespread Mediterranean
taxa (oaks and pines; P. nigra ssp. salzmanii) form a matrix with meso-
phytes living in canyons, gorges and soils with constant phreatic level.
Some taxa are associated to rock walls and crevices (Acer granatense,
A. monspessulanum, Rh. pumila), while other to summit scrubs (Ribes
alpinum, Rhamnus saxatilis, Rhamnus alpinus). The mesophytic assem-
blage includes biogeographically interesting species, as most of them
are in their distribution limits, such as Betula pendula, Corylus avellana,
Ilex aquifolium, Cornus sanguinea, Sorbus torminalis, S. aria and Ulmus
glabra. Some of them represent disjunctions from the main range
(Q. pyrenaica, Euonymus latifolius, Fraxinus ornus, Salix hastata,
S. caprea, S. eleagnos, Viburnum lantana, V. opulus) or are endemic
(Acer granatense = A. opalus ssp. granatense, Cotoneaster granatensis,
Crataegus granatensis, Prunus ramburii, see references below).

The coexistence of widely-distributed Central European taxa in the
semi-arid SE Iberia has drawn the attention of geobotanists who have
hypothesised the existence of mountain refugia (Blanca, 1993, 2002;
Blanca and Morales, 1991; Gómez Mercado, 2011; López Vélez,
1996; Lorite, 2001; Valle Tendero et al., 1989; Sánchez Gómez and
Alcaraz Ariza, 1993; Sánchez Gómez et al., 1997). In general, floristic,
palaeobotanical and population genetics information agree to consider
SE Iberian mountain flora to have persisted in situ the Pleistocene cold
stages (Table 2). However, most phylogeographical studies are
continental-scale (Table 2). Therefore, persistence and migration infer-
ences are too broad to provide a finer identification of mountain refugia
location, nevertheless, molecular evidence provides some insights on ref-
uged species (Gavin et al., 2014; Petit et al., 2003; Rodríguez-Sánchez
et al., 2010). Phylogeographical information of I. aquifolium, Hedera helix,
H. hibernica, B. pendula, C. avellana, Castanea sativa, Quercus sp., Fraxinus
angustifolia, F. ornus, Olea europaea, Frangula alnus, Populus nigra and
Vitis sylvestris, confirms the broad importance of S European peninsulas
as long-term refugial areas (Table 2). The refuged populations played a
significant role in the central European post-glacial recolonisation, and
they explain current central European genetic diversity and divergence
(Hewitt, 2000, Lascoux et al., 2003, Petit et al., 2003). Interestingly,
some of the compiled studies remark the importance of N Africa, Anatolia
and Caucasus as refugia (Table 2), suggesting more surveys in the Rif-
Atlas and Ponto-Caspian regions for a complete understanding of
European post-glacial recolonisation (Besnard et al., 2002; Grassi et al.,
2008; Heuertz et al., 2006; Lumaret et al., 2002, 2005).

The most comprehensive phylogeographical initiative at an
European scale, the CYTOFOR RTD program (Petit et al., 2003;
Table 2), explored chloroplast variability in 22 widespread European
trees and shrubs sampled in 25 forests chosen on the premise of high
species richness and limited human influence (Lascoux et al., 2003).
The most genetically divergent European populations are those from S
Italy, Corsica, and the Balkan Peninsula. Surprisingly, central European
populations' genetic diversity is higher than expected owing to popula-
tion admixture from different southern and local refugia (Petit et al.,
2003). The role of Iberian Peninsula as a refuge area is very intriguing,
since a lower than expected genetic diversity has been previously re-
ported across the region (Petit et al., 2003), challenging the hypothesis
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of refugial areas as holders of larger genetic diversity (Gómez and Lunt,
2007). Possible explanations are: (i) the Pyrenees as a weaker barrier
than the Alps and land connection with western France and the British
isles, (ii) more severe Quaternary climatic episodes experienced in Ibe-
ria than in the eastern peninsulas, meaning the location of refugia fur-
ther south than sampled, and (iii) migration of temperate species into
Iberia from Italian and Balkan peninsulas (Petit et al., 2003).

Although migration routes into Iberia might have existed, the
Pyrenees are a strong barrier limiting migration (Cottrell et al., 2005;
Hampe et al., 2003; Rodríguez-Sánchez et al., 2010). However, the lack
of an exhaustive sampling of the southern Iberian populations is more
relevant to explain the unexpected low genetic divergence results ob-
tained (Cottrell et al., 2005; Grivet and Petit, 2002; Fineschi et al.,
2000, 2005; Heuertz et al., 2006; Fussi et al., 2010; Lumaret et al.,
2005; Mohanty et al., 2002; Palmé et al., 2003a,b; Rendell and Ennos,
2003; Palmé and Vendramin, 2002). The heterogeneity in Iberia plays
a major role in the distribution of biodiversity (Sainz Ollero et al.,
2010). Classic 20th century geobotanical works recognised the co-
occurrence ofmultiple floristic elements in Iberian landscapes spanning
from the Saharo-Sinian to the Artic-Alpine (Castro et al., 1997). This flo-
ristic diversity is the living confirmation of refugial events; hence it is
normal that drawing general conclusions using sparse data from easily
accessible populationswithin the species' main distribution ranges pro-
vided biased results. A deeper understanding of local flora and vegeta-
tion is necessary to make phylogeographical studies more accurate.
Relict presences and disjunct populations should be treated as scientific
evidence rather than botanical curiosities.

In this sense, sampling of S Iberian mountain populations is missing
inmost studies. Thesemountains present relict and disjunct range-edge
populations essential to understand glacial and post-glacial refugial dy-
namics. The need of a better sampling of Iberia has been recognised in a
few studies, such as for Populus alba and P. nigra (Cottrell et al., 2005;
Fussi et al., 2010). In fact, when a detailed sampling has been performed
such as for F. alnus (Hampe et al., 2003), all but one haplotypes showed
to bemountain range-exclusive, revealing that populations persisting in
Mediterranean mountains have accumulated a large degree of
differentiation.

On the available phylogeographical evidence we cannot yet ascer-
tain whether most woody angiosperms today occurring in the SE Iberi-
an mountains survived there during the last cold spell, although
palaeobotanical data point to their survival. As we have exposed before,
this is due to a general lack of sampling of the southernmost Iberian
woody populations, although Species DistributionModelling and Atmo-
sphericModel Simulations studies infer their persistence (i.e., Leroy and
Arpe, 2007; Svenning et al., 2008). The migration routes for many
species and the origin of relict and disjunct populations in relation to
the species' main range have not yet been surveyed.

6. Human impact and mountain plants

Are climate and physiographic heterogeneity the only factors
explaining the current plant distribution in Mediterranean mountains?
Both palaeobotanical and archaeological researchhave reconstructed an
intense history of grazing, trampling and fire that opened landscapes
and drove vegetation altitudinal shifts in SE Iberianmountain areas dur-
ing the last millennia (Carrión, 2002b). However, the assumption of
some formations to be human-induced could, sometimes, be erroneous.
For example, Juniperus thurifera populations were assumed to be
favoured by recent anthropogenic action (Carrión et al., 2004), while
palaeobotanical work has demonstrated that they have experienced a
Late Holocene expansion related to an aridification trend (Carrión
et al., 2004).

The mesophytes currently inhabiting SE Iberian mountains are time
transgressive relict populations that survived in sites that buffered cli-
matic extremes and assured water availability. However, their presence
has not only a relict origin, but also a strong anthropogenic imprint
(Carrión, 2002b; Carrión et al., 2004; López Santalla et al., 2003). Many
mesophyte populations are scattered in areas where anthropogenic ac-
tion has not cleared them out completely (López-Sáez et al., 2014;
Blanca, 2002; Gómez Mercado, 2011; Sánchez Gómez et al., 1997;
Valle Tendero et al., 1989). However, the human-induced character of
some landscapes with relict taxa has not impeded high diversity. On
the contrary, anthropogenic imprintmaywell favour rich communities,
and cultural landscapes are an example of this (Blondel, 2006). For in-
stance, the emblematicMontejo beechwood (Montejo de la Sierra, Cen-
tral Iberia) hasmistakenly been considered as barely human-influenced
beech forest on the basis of its high diversity (Lascoux et al., 2003),
while six decades ago it was a key smallholding for local cattle husband-
ry seasonal dynamics (López Santalla et al., 2003). Included as one of
CYTOFOR's sampling points, it challenges one of its sampling assump-
tions blurring the interpretations in Petit et al. (2003). On the contrary,
human-afforested thought-to-be Lillo pinewood (Cantabrian Ranges, N
Iberia) has been demonstrated to be of natural origin after the palyno-
logical study performed by García–Antón et al. (1997). This reinforces
the idea that not only floristic and geobotanical research, but also
palaeobotanical and ethnographical studies are crucial for the sampling
design in phylogeographical studies.

7. Concluding remarks

The occurrence of fossil-bearing deposits is especially infrequent in
unglaciated mountains and in old land surfaces where sedimentary
basins and other low-energy depositional environments are scarce
(Gónzalez-Sampériz et al., 2010). This taphonomical constraint biases
the palaeobotanical record towards lowland deposits, which compose
the largest source of Pleistocene data for theMediterranean peninsulas.
The absence of palaeobotanical evidence for sites prone to behave as
mountain refugia is not evidence of Mediterranean mountain refugia
absence.

However, although the palaeobotanical evidence for refugia in SE
Iberia is taphonomically biased, the outstanding high-altitude Siles
Lake palynological record demonstrates the survival of woody angio-
sperms through the last glacial (Carrión, 2002b). It is likely that not
only steep altitudinal gradients allowing quick altitudinal shifts
(Willis, 1994) were important for the long-term persistence of woody
populations, but also the existence of stable water availability. Phylo-
geographic studies have given insight into patterns of survival and
post-glacialmigration for some of the taxawhose Late Pleistocene pres-
ence in SE Iberia is palaeobotanically supported. However, these studies
aremainly conducted at a broad, continental scale. Searching for the ge-
netic imprint of refuges and linking them to defined geographical set-
tings could only be achieved if phylogeographical works include the
range-edge southern Mediterranean populations, otherwise results
are biased. Southern Iberian relict populations are recognised byfloristic
and geobotanical works. These relict populations are usually scattered,
small andquartered in places of difficult access, and this is likely the rea-
son for none of the extant individuals being included in
phylogeographical analyses (Table 2).

The combination of palaeobotanical, ethnographical, floristic and
phylogeographical information is of hallmark importance to conserva-
tion practices in Mediterranean mountain areas. No real and effective
management could be expected without a deep understanding of
structural and functional aspects of the spaces and species we want to
preserve.

Acknowledgements

This research work has been funded by the national projects
CGL-BOS-2012-34717 (Ministry of Economy and Competitiveness),
261-2011 (Spanish National Park Autonomous Organism, Ministry of
Natural, Rural and Marine Environment) and a grant from Fundación
Seneca (ref. 19434/PI/14). SM is supported by a predoctoral contract



710 S. Manzano et al. / Catena 149 (2017) 701–712
(BES-2013-062721, Ministry of Economy and Competitiveness). We
want to thank S.A.G. Leroy and the Institute of Environment, Health
and Societies (Brunel University London) for hosting SM during the pe-
riod thismanuscriptwaswritten.We also thank T. Hoyle and S. Haghani
for their useful comments on previous versions of this manuscript and
their kind help revising its English.

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.catena.2016.03.008.

References

Anderson, R.S., Carrión, J.S., Jiménez Moreno, G., Pérez Martínez, C., 2011. Holocene vege-
tation history from Laguna de Río Seco, Sierra Nevada, Southern Spain. Quat. Sci. Rev.
30, 1615–1629.

Aparicio Martínez, A., Silvestre Domingo, S., 1987. Flora del Parque Natural de la Sierra de
Grazalema. Agencia del Medio Ambiente, Junta de Andalucía, Sevilla.

Aura, E., Carrión, Y., Estrelles, E., Pérez, G., 2005. Plant economy of hunter-gatherer groups
at the end of the last Ice Age: plant macroremains from the cave of Sta. Maira
(Alacant, Spain), ca. 12,000–9000 BP. Veg. Hist. Archaeobot. 14, 542–550.

Aura, E., Jordá, J.F., Pérez, M., Rodrigo, M.J., Badal, E., Guillem, G., 2002. The far south: the
Pleistocene–Holocene transition in Nerja cave (Andalucía, Spain). Quat. Int. 93–94,
19–30.

Badal, E., 1991. La vegetación durante el Paleolítico Superior en el País Valenciano y
Andalucía: Resultados antracológicos. Arqueología medioambiental a través de los
macrorrestos vegetales. Ayuntamiento de Madrid. Área de Medioambiente, Aula de
Ecología, Madrid.

Badal, E., Carrión, J.S., 2001. Del glaciar al interglaciar: los paisajes vegetales a partir de los
restos carbonizados hallados en las cuevas de Alicante. In: Villaverde, V. (Ed.), De
Neandertales a Cromañones. El inicio del poblamiento en las tierras valencianas.
Universitat de Valencia, pp. 21–44.

Bennett, K.D., Provan, J., 2008. What do we mean by refugia. Quat. Sci. Rev. 27,
2449–2455.

Besnard, G., Khadari, B., Baradat, P., Bervillé, 2002. Olea europaea (Oleaceae)
phylogeography based on chloroplast DNA polymorphism. Theor. Appl. Genet. 104,
1353–1361.

Blanca, G., 1993. El origen de la flora andaluza. In: Valdés, B., Blanca, G., Domínguez, E.,
Cabezudo, B., Nieto, J., Silvestre, S. (Eds.), Introducción a la flora andaluza. Consejería
de Cultura y del Medio Ambiente, Junta de Andalucía, pp. 19–35.

Blanca, G., 2002. Flora amenazada y endémica de Sierra Nevada. Consejería de Medio
Ambiente, Junta de Andalucía, Sevilla.

Blanca, G., Morales, C., 1991. Flora del Parque Natural de la Sierra de Baza. Monográfica
Tierras del Sur. Universidad de Granada, Granada.

Blondel, J., 2006. The ‘design’ of Mediterranean landscapes: a millennial story of humans
and ecological systems during the historic period. Hum. Ecol. 34, 713–729.

Breckel, S.W., 2002. Walter's Vegetation of the Earth. Springer.
Carrión, J.S., 1992a. Late Quaternary pollen sequence from Carihuela Cave, southern Spain.

Rev. Palaeobot. Palynol. 71, 37–77.
Carrión, J.S., 1992b. A palaeoecological study in the western Mediterranean area. The

Upper Pleistocene pollen record from Cova Beneito (Alicante, Spain). Palaeogeogr.
Palaeoclimatol. Palaeoecol. 92, 1–14.

Carrión, J.S., 2002a. A taphonomic study of modern pollen assemblages from dung and
surface sediments in arid environments of Spain. Rev. Palaeobot. Palynol. 120,
217–232.

Carrión, J.S., 2002b. Patterns and processes of Late Quaternary environmental change in a
montane region of southwestern Europe. Quat. Sci. Rev. 21, 2047–2066.

Carrión, J.S., 2003. Evolución Vegetal. Diego Marín, Murcia.
Carrión, J.S., Dupré, M., 1996. Late Quaternary vegetational history at Navarrés, Eastern

Spain. A two core approach. New Phytol. 134, 177–191.
Carrión, J.S., Munuera, M., 1997. Late Pleistocene paleoenvironmental change in Eastern

Spain: new pollen-analytical data from Cova Beneito (Alicante). Palaeogeogr.
Palaeoclimatol. Palaeoecol. 128, 287–299.

Carrión, J.S., van Geel, B., 1999. Fine-resolution Upper Weichselian and Holocene palyno-
logical record from Navarrés (Valencia, Spain) and a discussion about factors of Med-
iterranean forest succession. Rev. Palaeobot. Palynol. 106, 209–236.

Carrión, J.S., Andrade, A., Bennett, K.D., Navarro, C., Munuera, M., 2001a. Crossing forestal
thresholds: inertia and collapse in a Holocene sequence from south-central Spain.
The Holocene 11, 635–653.

Carrión, J.S., Dupré, M., Fumanal, M.P., Montes, R., 1995. A palaeoenvironmental study in
semi-arid Southeastern Spain: the palynological and sedimentological sequence at
Perneras Cave (Lorca, Murcia). J. Archaeol. Sci. 22, 355–367.

Carrión, J.S., Fernández, S., González-Sampériz, P., López-Merino, L., Peña, L., Burjachs, F.,
López-Sáez, J.A., García-Antón, M., Carrión Marco, Y., Uzquiano, P., Postigo, J.M.,
Barrón, E., Allué, E., Badal, E., Dupré, M., Fierro, E., Manzano, S., Munuera, M.,
Rubiales, J.M., García Amorena, I., Jiménez Moreno, G., Gil Romera, G., Leroy, S.,
García-Martínez, M.S., Montoya, E., Fletcher, W., Yll, E., Vieira, M., Rodríguez-Ariza,
M.O., Anderson, S., Peñalba, C., Gil García, M.J., Pérez Sanz, A., Albert, R.M., Díez,
M.J., Morales, C., Gómez Manzaneque, F., Parra, I., Ruiz Zapata, B., Riera, S., Zapata,
L., Ejarque, A., Vegas, T., Rull, V., Scott, L., Andrade, A., Pérez Díaz, S., Abel Schaad, D.,
Moreno, E., Hernández-Mateo, L., Ochando, J., Pérez Navarro, M.A., Sánchez Baena,
J.J., Riquelme, J.A., Iglesias, R., Franco, F., Chaín, C., Figueiral, I., Grau, E., Matos, M.,
Jiménez Espejo, F., Arribas, A., Garrido, G., Finlayson, G., Finlayson, C., Ruiz, M., Pérez
Jordá, G., Miras, Y., 2015. Cinco millones de años de cambio florístico y vegetal en la
Península Ibérica e Islas Baleares. Ministerio de Economía y Competitividad, Madrid.

Carrión, J.S., Finlayson, C., Fernández, S., Finlayson, G., Allué, E., López-Sáez, J.A., López-
García, P., Gil-Romera, G., Bailey, G., González-Sampériz, P., 2008. A coastal reservoir
of biodiversity for Late Pleistocene human populations: palaeoecological investiga-
tions in Gorham's Cave (Gibraltar) in the context of Iberian Peninsula. Quat. Sci.
Rev. 27, 2118–2135.

Carrión, J.S., Munuera, M., Dupré, M., Andrade, A., 2001b. Abrupt vegetation changes in
the Segura Mountains of southern Spain throughout the Holocene. J. Ecol. 89,
783–797.

Carrión, J.S., Munuera, M., Navarro, C., 1998. Palaeonvironmental reconstructions of cave
sediments on the basis palynology: an example from Carihuela Cave (Granada).
Rev. Palaeobot. Palynol. 99, 17–31.

Carrión, J.S., Munuera, M., Navarro, C., Burjachs, F., Dupré, M., Walker, M.J., 1999. The
palaeoecological potential of pollen records in caves: the case of Mediterranean
Spain. Quat. Sci. Rev. 18, 1061–1073.

Carrión, J.S., Parra, I., Navarro, C., Munuera, M., 2000. Past distribution and ecology of cork
oak (Quercus suber) in the Iberian Peninsula: a pollen analytical approach. Divers.
Distrib. 6, 29–44.

Carrión, J.S., Riquelme, J.A., Navarro, C., Munuera, M., 2001c. Pollen in hyaena coprolites
reflects late glacial landscape in Southern Spain. Palaeogeogr. Palaeoclimatol.
Palaeoecol. 176, 193–205.

Carrión, J.S., Yll, E.I., Walker, M.J., Legaz, A.J., Chain, C., Lopez, A., 2003. Glacial refugia of
temperate, Mediterranean and Ibero-North African flora in south-eastern Spain:
new evidence from cave pollen at two Neanderthal man sites. Glob. Ecol. Biogeogr.
12, 119–129.

Carrión, J.S., Yll, E.I., Willis, K.J., Sánchez, P., 2004. Holocene fire history of the eastern pla-
teaux in the Segura Mountains (Murcia, southeastern Spain). Rev. Palaeobot. Palynol.
132, 219–236.

Castro, E.B., González, M.C., Tenorio, M.C., Bombín, R.E., Antón, M.G., Fuster, M.G., Ollero,
H.S., 1997. Los bosques ibéricos. Una interpretación geobotánica. Planeta, Barcelona.

Clark, P.U., Dyke, A.S., Shakun, J.D., Carlson, A.E., Clark, J., Wohlfarth, B., Mitrovica, J.D.,
Hostetler, S.W., McCabe, A.M., 2009. The Last Glacial Maximum. Science 325, 710–714.

Cottrell, J., Krystufek, V., Tabbener, H., Milner, A., Connolly, T., Sing, L., Fluch, S., Burg, K.,
Lefèvre, F., Achard, P., Bordács, S., Gebhardt, K., Vornam, B., Smulders, M.J.M.,
Vanden Broeck, A.H., Van Slycken, J., Storme, V., Boerjan, W., Castiglione, S., Fossati,
T., Alba, N., Agúndez, D., Maestro, C., Notivol, E., Bovenschem, J., van Dam, B.C.,
2005. Postglacial migration of Populus nigra L.: lessons learnt from chloroplast DNA.
For. Ecol. Manag. 206, 71–90.

Cowling, S.A., Skyes, M.T., 1999. Physiological significance of low atmospheric CO2 for
plant–climate interactions. Quat. Res. 52, 237–242.

Dupré, M., 1988. Palinología y paleoambiente Nuevos datos españoles (Ph.D. Thesis) Serie
de Trabajos Varios 84. Servicio de Investigación Prehistórica, Diputación provincial de
Valencia, Valencia.

Dupré, M., Fumanal, M.P., Martínez Gallego, J., Pérez-Obiol, R., Roure, J.M., Usera, J., 1996.
The Laguna de San Benito (Valencia, Spain): palaeoenvironmental reconstruction of
an endorheic system. Quaternaire 7 (4), 177–186.

Fernández Prieto, J.A., 1981. Estudio de la flora y vegetación del concejo de Somiedo
(PhD Thesis) Universidad de Oviedo, Oviedo.

Fernández, S., Carrión, J.S., Fuentes, N., González-Sampériz, P., Montoya, E., Gil, G., Vega-
Toscano, G., Riquelme, J.A., 2007. The Holocene and Late Pleistocene pollen sequence
of Carihuela Cave, southern Spain. Geobios 40, 75–90.

Fineschi, S., Salvini, D., Turchini, D., Pastorelli, R., Vendramin, G.G., 2005. Crataegus
monogyna Jacq. and C. laevigata (Poir.) DC. (Rosaceae, Maloideae) display low level
of genetic diversity assessed by chloroplast markers. Plant Syst. Evol. 250, 187–196.

Fineschi, S., Turchini, D., Villani, F., Vendramin, G.G., 2000. Chloroplast DNA polymor-
phism reveals little geographical structure in Castanea sativa Mill. (Fagaceae)
throughout southern European countries. Mol. Ecol. 9, 1495–1503.

Florschütz, F., Menéndez-Amor, J., Wijmstra, T.A., 1971. Palynology of a thick Quater-
nary succession in southern Spain. Palaeogeogr. Palaeoclimatol. Palaeoecol. 10,
233–264.

Fussi, B., Lexer, C., Heinze, B., 2010. Phylogeography of Populus alba (L.) and
Populus tremula (L.) in Central Europe: secondary contact and hybridisation
during recolonisation from disconnected refugia. Tree Genet. Genomes 6,
439–450.

Galmés, J., Medrano, H., Flexas, J., 2007. Photosynthetic limitations in response to water
stress and recovery in Mediterranean plants with different growth forms. New
Phytol. 175 (1), 81–93.

García–Antón, M., Franco-Múgica, F., Maldonado, J., Morla-Juaristi, C., Sainz-Ollero, H.,
1997. New data concerning the evolution of the vegetation in Lillo pinewood
(Leon, Spain). J. Biogeogr. 4, 929–934.

Gavin, D.G., Fotzpatrick, M.C., Gugger, P.F., Heath, K.D., Rodríguez-Sánchez, F., Dobrowski,
S.Z., Hampe, A., Sheng Hu, F., Ashcroft, M.B., Bartlein, P.J., Blois, J.L., Carstens, B.C.,
Davis, E.B., de Lafontaine, G., Edwards, M.E., Fernández, M., Henne, P.D., Herring,
E.M., Holden, Z.A., Kong, W., Liu, J., Magri, D., Matzke, N.J., McGlone, M.S., Saltré, F.,
Stigall, A.L., Tsai, Y.H.E., Williams, J.W., 2014. Climate refugia: joint inference from
fossil records, species distribution models and phylogeography. New Phytol. 204,
37–54.

Gil, L., Fuentes-Utrilla, P., Soto, A., Cervera, M.T., Collada, C., 2004. Phylogeography: English
elm is a 2,000-year old Roman clone. Nature 431, 1053.

Giralt, S., Burjachs, F., Roca, J.R., Julià, R., 1999. Late Glacial to Early Holocene environmen-
tal adjustment in the Mediterranean semi-arid zone of the Salines playa-lakes
(Alicante, Spain). J. Paleolimnol. 21, 449–460.

http://dx.doi.org/10.1016/j.catena.2016.03.008
http://dx.doi.org/10.1016/j.catena.2016.03.008
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0005
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0005
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0005
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0010
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0010
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0015
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0015
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0015
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0020
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0020
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0020
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0025
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0025
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0025
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0025
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0030
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0030
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0030
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0030
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0035
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0035
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf9000
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf9000
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf9000
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0045
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0045
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0045
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0050
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0050
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0055
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0055
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0060
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0060
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0065
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0070
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0070
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0075
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0075
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0075
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0080
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0080
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0080
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0085
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0085
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf9010
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0090
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0090
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0095
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0095
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0095
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0100
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0100
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0100
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0105
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0105
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0105
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0110
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0110
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0110
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0120
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0120
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0125
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0125
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0125
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0125
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0130
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0130
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0130
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0135
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0135
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0135
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0140
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0140
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0140
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0145
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0145
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0145
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0150
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0150
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0150
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0155
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0155
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0155
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0155
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0160
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0160
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0160
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0165
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0170
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf3000
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf3000
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0175
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0175
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0175
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0190
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0190
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0190
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0195
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0195
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0200
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0200
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0205
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0205
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0210
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0210
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0210
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0215
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0215
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0215
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0220
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0220
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0220
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0225
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0225
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0225
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0225
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0230
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0230
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0230
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf9500
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf9500
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0235
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0235
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0235
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0240
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0240
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0245
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0245
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0245


711S. Manzano et al. / Catena 149 (2017) 701–712
Gómez, A., Lunt, D.H., 2007. Refugia within refugia: patterns of phylogeographic concor-
dance in the Iberian Peninsula. In: Weis, S., Ferrand, N. (Eds.), Phylogeography of
Southern European Refugia. Springer, pp. 155–188.

Gómez Mercado, F., 2011. Vegetación y Flora de la Sierra de Cazorla. Guineana.
Universidad del Pais Vasco, Leioa.

Gónzalez-Sampériz, P., Leroy, S.A.G., Carrión, J.S., Fernández, S., García-Antón, M.,
Gil-García, M.J., Uzquiano, P., Valero-Garcés, B., Figueiral, I., 2010. Steppes, savannahs,
forest and phytodiversity reservoirs during the Pleistocene in the Iberian Peninsula.
Rev. Palaeobot. Palynol. 162, 427–457.

Grassi, F., de Mattia, F., Zecca, G., Sala, F., Labra, M., 2008. Historical isolation and Quater-
nary range expansion of divergent lineages in wild grapevine. Biol. J. Linn. Soc. 95,
611–619.

Grivet, D., Petit, R.J., 2002. Phylogeography of the common ivy (Hedera sp.) in Europe: ge-
netic differentiation through space and time. Mol. Ecol. 11, 1351–1362.

Hampe, A., Arroyo, J., Jordano, P., Petit, R.J., 2003. Rangewide phylogeography of a bird-
dispersed Eurasian shrub: contrasting Mediterranean and temperate glacial refugia.
Mol. Ecol. 12, 3415–3426.

Heuertz, M., Carnevale, S., Fineschi, S., Sebastiani, F., Hausman, J.F., Paule, L.,
Vendramin, G.G., 2006. Chloroplast DNA phylogeography of European ashes,
Fraxinus sp. (Oleaceae): roles of hybridization and life history traits. Mol. Ecol.
15, 2131–2140.

Hewitt, G., 2000. The genetic legacy of the Quaternary ice ages. Nature 405, 907–913.
Hofreiter, M., Stewart, J., 2009. Ecological change, range fluctuations and population dy-

namics during the Pleistocene. Curr. Biol. 19, 584–594.
Jiménez-Espejo, F.J., García-Alix, A., Jiménez-Moreno, G., Rodrigo-Gámiz, M., Anderson,

R.S., Rodríguez-Tovar, F.J., Martínez-Ruiz, F., Giralt, S., Delgado Huertas, A., Pardo-
Igúzquiza, E., 2014. Saharan aeolian input and effective humidity variations over
western Europe during the Holocene from a high altitude record. Chem. Geol.
374–375, 1–12.

Jiménez-Moreno, G., Rodríguez-Ramírez, A., Pérez-Asensio, J.N., Carrión, J.S., López-Sáez,
J.A., Villarías-Robles, J.J.R., Celestino-Pérez, S., Cerrillo-Cuenca, E., León, A., Contreras,
C., 2015. Impact of late-Holocene aridification trend, climate variability and
geodynamic control on the environment from a coastal area in SW Spain. The Holo-
cene 25 (4), 607–617.

Lascoux, M., Palmé, A.E., Cheddadi, R., Latta, R.G., 2003. Impact of Ice Ages on the genetic
structure of trees and shrubs. Philos. Trans. R. Soc. Lond. 359, 197–207.

Lebreton, V., Renault-Miskovsky, J., Carrión, J.S., Dupré, M., 2006. Etude palynologique du
remplissage de la grotte du Boquete de Zafarraya. In: Barroso, C., de Limley, H. (Eds.),
La Grotte Boquete de ZafarrayaMonogr. Inst. de Paléontol. Hum.Junta de Andalucía,
Consejería de Cultura, Málaga, pp. 629–660.

Leroy, S.A.G., Arpe, K., 2007. Glacial refugia for summer-green trees in Europe and south-
west Asia as proposed by ECAHM3 time-slice atmospheric model simulations.
J. Biogeogr. 34, 2115–2128.

Loidi, J., 1999. Geography and geology of Spain. Itinera Geobot. 13, 18–40.
López de Heredia, U., Carrion, J.S., Jiménez, P., Collada, C., Gil, L., 2007. Molecular and

palaeoecological evidence for multiple glacial refugia for evergreen oaks on the Iberi-
an Peninsula. J. Biogeogr. 34, 1505–1517.

López Santalla, A., Pardo Navarro, F., Alonso Náger, J., Gil Sánchez, L., 2003. El
aprovechamiento tradicional del monte y sus efectos sobre la vegetación en el
“Hayedo de Montejo” (Madrid). Cuad. Soc. Esp. Cien. For. 16, 109–114.

López Vélez, G., 1996. Flora y Vegetación del macizo del Calar del Mundo y Sierras
adyacentes del sur de Albacete. Instituto de estudios albacetenses. Diputación de Al-
bacete, Albacete.

López-Sáez, J.A., López-García, P., 1999. Rasgos paleoambientales de la transición
Tardiglaciar-Holoceno (16–7.5 BP) en el Mediterráneo ibérico, de Levante a
Andalucía. In: Ferrer, C., Blázquez, A.M. (Eds.), Geoarqueol i Quat. Litoral, Memorial
M.P. Fumanal, pp. 139–152.

López-Sáez, J.A., Abel-Schaad, D., Pérez-Díaz, S., Blanco-González, A., Alba-Sánchez, F.,
Dorado, M., Ruiz-Zapata, B., Gil-García, M.J., Gómez-González, C., Franco-Múgica, F.,
2014. Vegetation history, climate and human impact in the Spanish Central System
over the last 9000 years. Quat. Int. 353, 98–122.

López-Sáez, J.A., López-García, P., Cortés, M., 2007. Paleovegetación del Cuaternario
reciente: estudio arqueopalinológico. In: Cortés, M. (Ed.), Cueva Bajondillo
(Torremolinos). Secuencia cronocultural y paleoambiental del Cuaternario reciente
en la Bahía de Málaga. Centro de Ediciones de la Diputación Provincial de Málaga,
Málaga, pp. 139–156.

Lorite, J., 2001. Estudio Florístico y Fitosociológico de la Sierra Nevada Almeriense: Bases
para la gestión de las Comunidades Vegetales (PhD Thesis) Universidad de Granada.

Lumaret, R., Mir, C., Michaud, H., Raynal, V., 2002. Phylogeographical variation of chloro-
plast DNA in holm oak (Quercus ilex L.). Mol. Ecol. 11, 2327–2336.

Lumaret, R., Tryphon-Dionnet, M., Michaud, H., Sanuy, A., Ipotesi, E., Born, C., Mir, C., 2005.
Phylogeographical variation of chloroplast DNA in cork oak (Quercus suber). Ann. Bot.
96, 853–861.

Médail, F., Diadema, K., 2009. Glacial refugia influence plant diversity patterns in theMed-
iterranean Basin. J. Biogeogr. 36, 1333–1345.

Migliore, J., Baumel, A., Juin, M., Médail, F., 2012. FromMediterranean shores to central Sa-
haran mountains: key phylogeographical insights from the genusMyrtus. J. Biogeogr.
39, 942–956.

Mohanty, A., Martín, J.P., Aguinagalde, I., 2002. Population genetic analysis of European
Prunus spinosa (Rosaceae) using chloroplast DNA markers. Am. J. Bot. 89 (8),
1223–1228.

Molina-Venegas, R., Aparicio, A., Lavergne, S., Arroyo, J., 2015a. The building of a biodiver-
sity hotspot across a land-bridge in the Mediterranean. Proc. R. Soc. B. The Royal
Society, pp. 1116–1124.

Molina-Venegas, R., Aparicio, A., Slingsby, J.A., Lavergne, S., Arroyo, J., 2015b. Investigating
the evolutionary assembly of a Mediterranean biodiversity hotspot: deep
phylogenetic signal in the distribution of eudicots across elevational belts.
J. Biogeogr. 42, 507–518.

Munuera,M., Carrión, J.S., 1991. Palinología de un depósito arqueológico en el sureste ibérico
semiárido: Cueva del Algarrobo (Mazarrón, Murcia). Cuat. Geomorf. 5, 107–118.

Olalde, M., Herrán, A., Espinel, S., Goicoechea, P.G., 2002. White oaks phylogeography in
the Iberian Peninsula. For. Ecol. Manag. 156, 89–102.

Ortiz, J.E., Delgado, A., Julià, R., Lucini, M., Llamas, F.J., Reyes, E., Valle, M., 2004. The
palaeoenvironmental and palaeohydrological evolution of Padul Peat Bog (Granada,
Spain) over one million years. Org. Geochem. 35, 1243–1260.

Palmé, A.E., Vendramin, G.G., 2002. Chloroplast DNA variation, postglacial recolonization
and hybridization in hazel, Corylus avellana. Mol. Ecol. 11, 1769–1779.

Palmé, A.E., Semerikov, V., Lascoux, M., 2003a. Absence of geographical structure of chlo-
roplast DNA variation in sallow, Salix caprea L. Heredity 91, 465–474.

Palmé, A.E., Su, Q., Rautenberg, A., Manni, F., Lascoux, M., 2003b. Postglacial recolonization
and cp DNA variation of silver birch, Betula pendula. Mol. Ecol. 12, 201–212.

Pantaleón-Cano, J., Yll, E.I., Pérez-Obiol, R., Roure, J.M., 2003. Palynological evidence for
vegetational history in semi-arid areas of the western Mediterranean (Almeria,
Spain). The Holocene 13 (1), 109–119.

Pérez Latorre, A., Galán de Mera, A., Navas, P., Navas, D., Gil, Y., Cabezudo, B., 1999. Datos
sobre la flora y vegetación del Parque Natural de los Alcornocales (Cádiz-Málaga,
España). Acta Bot. Malacitana 24, 133–184.

Petit, R., Aguinagalde, I., Beaulieu, J.-L., Bittaku, C., Brewer, S., Cheddadi, R., Ennos, R.,
Fineschi, S., Grivet, D., Lascoux, M., Mohanty, A., Müller-Starck, G., Desmesure-
Musch, B., Palmé, A., Martín, J.P., Rendell, S., Vendramin, G.G., 2003. Glacial refugia:
Hotspots but not melting pots of genetic diversity. Science 300, 1563–1565.

Pons, A., Reille, M., 1988. The Holocene and Late Pleistocene pollen record from (Granada,
Spain): a new study. Palaeogeogr. Palaeoclimatol. Palaeoecol. 66, 243–263.

Rendell, S., Ennos, R.A., 2003. Chloroplast DNA diversity of the dioecious European tree
Ilex aquifolium L. (English holly). Mol. Ecol. 12, 2681–2688.

Rivas-Martínez, S., Pizarro, J.M., 2011. Taxonomical system advance to Rhamnus L. &
Frangula Mill. (Rhamnaceae) of Iberian Peninsula and Balearic Islands. Int. J. Geobot.
Res. 1, 57–80.

Rodríguez-Ariza, M.O., 2005. Análisis antracológico del yacimiento Solutrense de Cueva
Ambrosio (Vélez, Almería). In: Sanchidrián, J.L., Márquez, A.M., Fullola, J.M. (Eds.),
La Cuenca Mediterránea durante el Paleolítico Superior 38000–10000 años. IV
Simposio de Prehistoria Cueva de Nerja, Málaga, pp. 226–233.

Rodríguez-Sánchez, F., Hampe, A., Jordano, P., Hampe, A., Arroyo, J., 2010. Past tree range
dynamics in the Iberian Peninsula inferred through phylogeography and
paleodistribution modelling: A review. Rev. Palaeobot. Palynol. 162, 507–521.

Roiron, P., Chabal, L., Figueiral, I., Terral, J.F., Ali, A.A., 2013. Palaeobiogeography of Pinus
nigra subsp. salzmanii (Dunal) Franco in the north-western Mediterranean Basin: a
review based on macroremains. Rev. Palaeobot. Palynol. 194, 1–11.

Sainz Ollero, H., Sánchez de Dios, R., García-Cervigón Morales, A., 2010. La cartografía
sintética de los paisajes vegetales españoles: una asignatura pendiente en
geobotánica. Ecologia 23, 249–272.

Sánchez Gómez, P., Alcaraz Ariza, F., 1993. Flora Vegetación y Paisaje Vegetal de las sierras
de Segura orientales. Instituto de estudios albacetenses, Diputación de Albacete,
Albacete.

Sánchez Gómez, P., Güemes Heras, J., Herranz Sanz, J.M., Fernández Jiménez, S., López
Vélez, G., Martínez Sánchez, J.J., 1997. Plantas vasculares, endémicas, amenazadas o
raras de la provincia de Albacete. Instituto de estudios albacetenses. Diputación de Al-
bacete, Albacete.

Schulte, L., Julià, R., Burjachs, F., Hilgers, A., 2008. Middle Pleistocene to Holocene geochro-
nology of the River Aguas terrace sequence (Iberian Peninsula): fluvial response to
Mediterranean environmental change. Geomorphology 98, 13–33.

Soler, J.A., Dupré, M., Ferrer, C., González-Sampériz, P., Grau, E., Máñez, S., Roca de
Togores, C., 1999. Cova d'en Pardo, Planes, Alicante: primeros resultados de una
investigación pluridisciplinar en un yacimiento prehistórico. In: Fumanal, M.P.
(Ed.), Geoarqueología quaternari litoral: memorial. Universidad de Valencia, Valen-
cia, pp. 269–282.

Stevenson, A.C., 1984. Studies in the vegetational history of S.W. Spain. III. Palynological
investigations at El Asperillo, Huelva. J. Biogeogr. 11, 527–551.

Svenning, J.C., Normand, S., Kageyama, M., 2008. Glacial refugia of temperate trees in
Europe: insights from species distribution modelling. J. Ecol. 96, 1117–1127.

Tzedakis, P.C., Emerson, B.C., Hewitt, G.M., 2013. Cryptic of mystic? Glacial tree refugia in
northern Europe. Trends Ecol. Evol. 28 (12), 686–702.

Tzedakis, P.C., Frogley, M.R., Lawson, I.T., Preece, R.C., Cacho, I., de Abreu, L., 2004. Ecolog-
ical thresholds and patterns of millennial-scale variability: the response of vegetation
in Greece during the last glacial period. Geology 32 (2), 109–112.

Uzquiano, P., 1988. Analyse anthracologique du Tossal de la Roca (Paléolithique
Superieur-final/Epipaléolithique, province d'Alicante, Espagne). In: Hackens, T.,
Munaut, A., Till, C. (Eds.), Révue PACT, 22.IV.1. Proceedings of Congress Bois et
Archéologie, Louvain-la-Neuve, pp. 209–217.

Valle Tendero, F., Gomez Mercado, F., Mota Poveda, J.F., Díaz de la Guardia, C., 1989.
Parque Natural de Cazorla Segura y Las Villas. Guía Botánico Ecológica. Rueda,
Madrid.

Vernet, J.L., 1997. L'homme et la forêt mediterranéenne de la Préhistoire à nos jours. ed.
Errance, Paris.

Vernet, J.L., Terral, J.F., 2006. Les charbons de bois des niveux mousteriens et
protoaurignaciens de la Grotte du Boquete de Zafarraya. In: Barroso, C., de Lumley,
H. (Eds.), La Grotte du Boquete de Zafarraya- tome-II. Junta de Andalucía, Consejería
de Cultura, pp. 661–673.

Walker, M.J., López-Sáez, J.A., San Nicolás, M., Carrión, J.S., Mancheño, M.A.,
Schewenninger, J.L., López MArtínez, M., López-Jiménez, A., Nicolás, S., del Toro, M.,
Hills, M.D., Walkling, T., 2006. Cueva Negra del Estrecho del río Quípar (Murcia,
southeast Spain): an Acheulian and Lavalloiso-Mousteroid assemblage of Paleolithic

http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0250
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0250
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0250
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0255
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0255
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0260
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0260
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0260
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0265
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0265
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0265
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0270
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0270
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0275
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0275
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0275
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0280
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0280
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0280
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0285
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf9030
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf9030
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0290
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0290
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0290
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0295
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0295
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0295
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0300
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0300
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0305
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0305
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0305
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0305
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0310
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0310
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0310
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0315
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0320
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0320
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0320
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0325
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0325
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0325
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0330
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0330
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0330
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0335
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0335
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0335
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0335
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0340
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0340
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0345
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0345
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0345
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0345
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0345
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0350
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0350
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0355
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0355
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0360
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0360
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf9100
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf9100
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0365
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0365
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0365
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0370
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0370
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0370
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0375
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0375
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0375
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0380
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0380
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0380
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0380
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0385
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0385
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0390
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0390
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0395
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0395
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0395
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0400
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0400
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0405
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0405
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0410
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0410
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0415
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0415
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0415
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0420
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0420
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0420
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf9040
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf9040
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0425
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0425
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0430
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0430
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0440
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0440
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0440
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0445
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0445
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0445
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0445
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf9700
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf9700
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf9700
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0450
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0450
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0450
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0455
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0455
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0455
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0460
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0460
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0460
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0465
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0465
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0465
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0470
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0470
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0470
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0475
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0475
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0475
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0475
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0480
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0480
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0485
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0485
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0490
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0490
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0495
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0495
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0495
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0500
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0500
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0500
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0500
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0505
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0505
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0510
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0510
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0515
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0515
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0515
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0515
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf2915
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf2915


712 S. Manzano et al. / Catena 149 (2017) 701–712
artifacts excavated in a Late Cromerian faunal context with hominid skeletal remains.
Eurasian Prehistory 4, 3–43.

Willis, K.J., 1994. The vegetational history of the Balkans. Quat. Sci. Rev. 13, 769–788.
Willis, K.J., 1996. Where did all the flowers go? The fate of temperate European flora dur-

ing glacial periods. Endeavour 20 (3), 110–114.
Yll, E.I., Carrión, J.S., Pantaleón, J., Dupré, M., La Roca, N., Roure, J.M., Pérez-Obiols, R., 2003.

Palinología del Cuaternario reciente en la Laguna de Villena (Alicante). An. Biol. 25,
65–72.
Zazo, C., Dabrio, C., González, A., Sierro, F., Yll, E.I., Goy, J.L., Luque, L., Panataleón-Cano, J.,
Soler, V., Roure, J.M., Lario, J., Hoyos, M., Borja, F., 1999. The record of the latter glacial
and interglacial periods in the Guadalquivir marshlands (Mari López drilling, S.W.
Spain). Geogaceta 26, 119–122.

http://refhub.elsevier.com/S0341-8162(16)30088-1/rf2915
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf2915
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf9110
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0520
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0520
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0525
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0525
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0530
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0530
http://refhub.elsevier.com/S0341-8162(16)30088-1/rf0530

	Mountain strongholds for woody angiosperms during the Late Pleistocene in SE Iberia
	1. Introduction
	2. South-eastern Iberia: environmental setting
	3. Late Pleistocene survival in SE Iberian mountains
	3.1. Mesophytes
	3.2. Viburnum, Rhamnus and Mediterranean taxa
	3.3. Ibero-Maghrebian scrub
	3.4. High-altitude refugia?

	4. Vegetation dynamics in an altitudinal gradient
	4.1. Past vegetation records
	4.2. Factors controlling taxa survival

	5. Floristic and phylogeographical evidence for montane refugia
	6. Human impact and mountain plants
	7. Concluding remarks
	Acknowledgements
	Appendix A. Supplementary data
	References


