
HAL Id: hal-00930869
https://hal.science/hal-00930869

Submitted on 1 Jan 2012

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Copyright

Biogeography of neutral genes and recent evolutionary
history of pines in the Mediterranean Basin

Fady

To cite this version:
Fady. Biogeography of neutral genes and recent evolutionary history of pines in the Mediterranean
Basin. Annals of Forest Science, 2012, 69 (4), pp.421-428. �10.1007/s13595-012-0219-y�. �hal-00930869�

https://hal.science/hal-00930869
https://hal.archives-ouvertes.fr


REVIEW PAPER

Biogeography of neutral genes and recent evolutionary
history of pines in the Mediterranean Basin

Bruno Fady

Received: 6 November 2011 /Accepted: 8 May 2012 /Published online: 15 June 2012
# INRA / Springer-Verlag France 2012

Abstract
& Context Mediterranean pines share many common life-
history traits. They are found at almost all altitudinal levels
around the Mediterranean Basin, from sea level to high-
elevation mountains, and from hot and dry to wet and cold
bioclimates. Their distribution ranges from widespread to
regional and narrow, and from dense extensive populations
to small populations of scattered individuals. They have
been extensively used by human civilizations for millennia.
& Aims I show which are the main phylogenetic, ecological,
and climatic factors explaining the patterns of within and
among-population genetic diversity in Mediterranean pines.
& Methods I use a narrative synthesis approach and multiple
examples from the literature on pine species from the Medi-
terranean Basin and California.
& Results While Mediterranean pines have the highest levels
of differentiation worldwide, their genetic diversity increases
from west to east and is significantly reduced in low-elevation
species. Factors such as ancestral adaptation to wildfire, re-
duction of effective population size during the Last Glacial
Maximum, long distance dispersal during the Holocene, and
more recent adaptation to patchy environmental conditions
could explain these patterns.
& Conclusion Because of contrasted ecological, demograph-
ic, historical, and geographical processes, and despite their
common biological attributes, pines of the Mediterranean
Basin display complex biogeographic patterns at neutral
gene level that can help retrace their evolutionary history.

Although individual species often represent unique case
studies that make generalizations risky, locating habitats of
significantly high and low genetic diversity is key for detect-
ing and understanding the major factors affecting gene
diversity and may prove useful for profiling areas of high
conservation value in the Mediterranean.
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1 Introduction

With 109 recognized species native to most of the biomes of
the Northern Hemisphere, pines (genus Pinus) are the larg-
est and most widespread of all conifers in the world (Farjon
2008). Along with Central America and Eastern Asia, the
Mediterranean biome (see Quézel and Médail 2003 for a
definition) has a large share of this diversity. Although they
occupy only 1.8 % of the world’s terrestrial habitats (Fady
and Médail 2004), Northern Hemisphere Mediterranean
regions are rich with at least 28 pine species (25 % of all
pine species), 11 in the Mediterranean Basin and 17 in
California. In the remaining regions of the world under
Mediterranean climate (the South African Cape Province,
South and South-Western Australia, and parts of Central
Chile, in total 0.2 % of the world’s terrestrial habitats), pines
constitute a rare-enough example of a highly successful
invasive tree genus (Richardson and Rejmánek 2011).

Due to their high economic and ecological importance,
pines have been extensively studied. Studies focusing on
Mediterranean pines are comparatively underrepresented.
A Web of Knowledge search using keywords “pinus and
mediterran* yielded less than 9,000 records to compare with
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more than 300,000 references published after 1946 when
using “Pinus” as keyword! Those studies trying to understand
how the great diversity of Mediterranean pines is geographi-
cally structured in an evolutionary context are even fewer (less
than 600 hits using keywords “pinus and mediterran* and
(evolution* or biogeog*)”!). The focus of this review will be
on pines endemic to the Mediterranean Basin, comparing
them with their Californian counterparts when possible, with
the aim to highlight how their neutral gene diversity follows
unusual biogeographic patterns, a legacy of their recent evo-
lutionary history driven by climatic and land-use changes,
building on older phylogenetic imprints.

2 Pines in the Mediterranean basin: highlights on species
richness, ecology, and history

The ecological diversity of the comparatively small group of
pines found in the Mediterranean Basin is no less than what
it is in much of the Northern Hemisphere. From the infra-
Mediterranean altitudinal belts where the first scattered pop-
ulations of Pinus halepensis can be found in North Africa, to
the oro-Mediterranean belt where the last Pinus nigra pop-
ulations form scattered and bushy stands in the Balkans and
Turkey, pines are ubiquitous in the Mediterranean Basin
(Table 1). Up to 11 native species are described under
Mediterranean-type climate in the Old World (Price et al.
1998). From most drought resistant to most cold tolerant:
Pinus pinea L., P. halepensis Mill., Pinus brutia Ten., P.
canariensis C. Smith, Pinus pinaster Aiton, Pinus heldrei-
chii Christ, Pinus sylvestris L., P. nigra Arnold, Pinus peuce
Gris., and the two mountain pines Pinus uncinata Mill. ex
Mirbel and Pinus mugo Turra. P. halepensis and P. brutia
are often considered as the two members of a species

complex (Fady et al. 2003) and so are P. uncinata and
P. mugo (Heuertz et al. 2010).

Distribution areas of Mediterranean pines are large and
continuous (e.g., P. halepensis/brutia; Fady et al. 2003),
large but fragmented (e.g., P. nigra; Isajev et al. 2005), or
small and isolated (e.g., P. heldreichii; Vendramin et al.
2008b). Within species, independently of distribution area
size and structure, populations tend to be large and to form
dense stands extending from the thermo- to the mountain-
Mediterranean altitudinal belts (Quézel and Médail 2003;
Fady and Médail 2004), except at altitudinal extremes and in
ecologically and geographically marginal situations where
population size may be considerably smaller (such as rear-
edge populations, Hampe and Petit 2005).

Although they form a group of species of nonhomoge-
neous phylogenetic origin (Klaus 1989, and see below for
details), Mediterranean pines share a set of common life
history traits. Seeds and pollen (as in most pine species)
are wind-dispersed, with the notable exception of P. pinea
whose seeds are gravity and animal dispersed (as they are in
other pine species with large seeds). Fire-adaptive traits such
as thick bark and self-pruning (fire-tolerator pine syndrome;
Keeley 2012) and early onset of flowering and serotinous
cones (fire-embracer pine syndrome; Keeley 2012) are also
shared in Mediterranean pines, although restricted to low-
elevation pines (Tapias et al. 2004).

Pines of the Mediterranean Basin have played a significant
ecological and economic role for humans for millennia
(Barbero et al. 1998). Ancient Egyptians, Phoenicians,
Greeks, Romans and many other civilizations harvested and
managed pines extensively in various ways and for various
purposes. Today, the economic importance of Mediterranean
pines continues for timber and pulp production, fuel, food,
watershed management, ecological restoration, and amenities.

Table 1 Main woody vegetation types in the Mediterranean Basin, from low to high elevations (m in the mean temperature of the coldest month
and T is the mean annual temperature, in degree Celcius)

Altitudinal belt Temperature variant m (°C) T (°C) Dominant woody species

Infra-Mediterranean Very hot > +7 °C > +17 °C Argania spinosa, Acacia gummifera, (Pinus halepensis)

Thermo-Mediterranean Hot +3 to +7 °C > +17 °C Olea sp., Ceratonia siliqua, P. halepensis,
Pinus brutia, Pinus pinaster, Pinus pinea
(sclerophyllous Quercus, Tetraclinis articulata)

Meso-Mediterranean Temperate 0 to +3 °C +13 to +17 °C Sclerophyllous Quercus, P. halepensis, P. brutia,
P. pinaster

Supra-Mediterranean Cool −3 to 0 °C +8 to +13 °C Deciduous Quercus, Pinus nigra
(Ostrya carpinifolia, Carpinus orientalis, P. brutia)

Mountain- Mediterranean Cold −7 to −3 °C +4 to +8 °C P. nigra, Pinus sylvestris, Cedrus sp., Abies sp.,
Fagus sp., Juniperus sp. (P. heldreichii)

Oro-Mediterranean Very cold < −7 °C < +4 °C Juniperus sp., prostrate spiny xerophytes (P. nigra)

Species names in parentheses are rare at a given altitudinal belt. With m mean minimum temperatures of the coldest month, T mean annual
temperature. This large-scale ecological gradient has many different local scale variants depending on rainfall, soil type and land-use. From Fady
and Médail (2004) and Quézel and Médail (2003)

422 B. Fady



Overall, Mediterranean pines share common life history
traits, common types of distribution areas and stand struc-
tures as well as a common history of interaction with human
civilizations. They occupy an ecological region, the Medi-
terranean, known for its sharp climatic, landscape, and cli-
matic contrasts. Genetic differences found between groups
of ecologically similar species and across the spectrum of
habitats they occupy may thus indicate differences in their
evolutionary history under strong environmental drivers.

3 Mediterranean pines have unusual population genetic
features

3.1 The genetic diversity of Mediterranean pines
in a biogeographic context

During the four last decades of the twentieth century, a
wealth of studies used isozymes, a class of enzymes with
simple and Mendelian inheritance to estimate neutral genetic
diversity among and within populations (Hamrick et al. 1992)
and thus infer evidence that demography was a strong driver
of diversity. Although studies including Mediterranean pines
lagged behind those of other tree species in the Temperate and
Tropical worlds, by the early years of the twenty-first century,
enough isozyme data was available inMediterranean pines for
synthesis and analysis (Fady 2005). Mediterranean pine spe-
cies display much more genetic differentiation and less genet-
ic diversity within population than other conifers in the
Mediterranean (and elsewhere in the world). And this diver-
sity is not randomly arranged in space at a large biogeograph-
ical scale. More recent molecular studies based on
microsatellites have confirmed this trend of neutral genetic
diversity (Fady and Conord 2010; Soto et al. 2010).

With the rise of sophisticated high-throughput molecular
biology techniques, studies on allelic variation at loci involved
in the expression of phenotypic traits have become available
for Mediterranean pines (e.g., Eveno et al. 2008). Allelic
variation at genes coding for adaptive (fitness related) traits
are governed both by natural selection and, indirectly, by
demographic factors. Although there are currently not enough
such studies available for robust meta-analysis, patterns of
genetic variation at these loci is also not randomly arranged
(e.g., Grivet et al. 2011), which can help understand the role of
natural selection on genetic diversity of Mediterranean pines
at large biogeographical scales.

3.2 Mediterranean pines have highly genetically
differentiated populations

Mediterranean pines are among the most genetically differen-
tiated tree species worldwide, with an average differentiation
(Gst) of 0.13 at isozyme loci, when Gst in Mediterranean

woody species is 0.11 (Fady 2005) and Gst for conifers
worldwide is 0.07 (Hamrick et al. 1992). Conversely, Medi-
terranean pines are as genetically diverse within population
(heterozygosity, He00.155 at isozyme loci) as conifers world-
wide (He00.151; Hamrick et al. 1992), and significantly less
than Mediterranean conifers (He00.182; Fady 2005).
P. pinaster, for example, is a typically high differentiation
and moderate diversity pine. Endemic to the western Medi-
terranean Basin (Alia and Martin 2003), its gene diversity
measured from five cpSSR loci is H00.825 whereas eight
different genetic groups from three different lineages form a
clear range-wide geographic pattern with a Gst00.09 (Bucci
et al. 2007).

3.3 Xerothermic pines have less genetic diversity
than mesothermic and mountain pines in the Mediterranean

The second of these outstanding features is thatMediterranean
xerothermic pine species (those found at low elevation where
the mean minimum temperature of the coldest month, m
is >0 °C, Table 1) have less genetic diversity than mesother-
mic and mountain pines. This is also true for Californian pines
(Fady and Conord 2010). Genetic diversity of Californian and
Mediterranean xerothermic pines is He00.055 (isozyme loci)
whereas it is He00.185 for meso- and mountain-
Mediterranean pines (Fady 2005), a higher diversity than that
found for conifers elsewhere in the world (He00.185 com-
pared to 0.151, see above). Soto et al. (2010) demonstrated
this trend to be true in the Iberian Peninsula using the same set
of cpSSR markers for all six Iberian pines. Cold-resistant
mountain pines (P. uncinata, P. nigra, and P. sylvestris) were
found substantially more diverse than low-elevation xerother-
mic pines (P. halepensis and P. pinea), with P. pinaster dis-
playing intermediate values.

P. pinea, the Italian stone pine, is a typical, albeit extreme,
example of low diversity xerothermic Mediterranean pine.
With a large range covering the entire Mediterranean Basin
(Fady et al. 2004), most of its populations have no diversity at
isozyme loci (Fallour et al. 1997) and are fixed for a single
common cpSSR haplotype. In total, only four haplotypes are
found, three of them located in the Eastern Mediterranean.
Such cases of depauperate genetic diversity are extremely rare
for largely distributed species, particularly trees (Vendramin et
al. 2008a). In comparison, the mountain pine species complex
(P. uncinata/mugo) display much more genetic diversity
within population (H00.96 for three cpSSR loci) and little
differentiation (Gst00.070; Heuertz et al. 2010).

3.4 The genetic diversity of Mediterranean pines increases
from west to east

The P. halepensis/brutia species complex is typical of an
increasing west to east trend in genetic diversity found in
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many conifers broadly distributed in the Mediterranean
Basin (Fig. 1a). Its heterozygosity (isozyme loci) increases
significantly from almost 0 in Spain to close to 0.1 in
Greece. Heterozygosity then reaches values well above 0.1
in Turkey where only P. brutia is present (Fady 2005). This
longitudinal pattern is also expressed, albeit more weakly, in
P. nigra and P. sylvestris (Fady and Conord 2010) and the
lowest diversity P. uncinata and P. mugo populations are
found in Spain and the Pyrenees (Heuertz et al. 2010). As
for P. pinea, its few genetic variants are mostly in the
Eastern Mediterranean (Vendramin et al. 2008a). Such a
geographic structure is unusual in the Northern Hemisphere
phylogeographic context where within population genetic
diversity is commonly described to follow latitudinal patterns
(Hewitt 2000).

3.5 Evolutionary and ecological factors explaining
the original genetic diversity of Mediterranean pines

Several hypotheses, not mutually exclusive, can be pro-
posed to explain the original genetic features of pines of
the Mediterranean Basin: increasing from west to east, lower
in xerothermic than other pines and more spatially struc-
tured than expected. They result from the interplay of gene
flow and selection (Young et al. 1996; Le Corre and Kremer
1998; Savolainen et al. 2007) which, in the Mediterranean
Basin, have taken an original course at various spatial and
temporal scales.

3.6 Climatic and tectonic processes affecting species
diversity and genetic diversity in parallel

Genetic diversity and species diversity have been shown to
vary in parallel (Vellend and Geber 2005) because they are
driven by similar demographic (migration and drift) and
ecological (selection) processes. Just like genetic diversity,
species diversity is unusually high in the Mediterranean
Basin. Nearly 20 % of the world’s plants have their habitat
there (Médail and Quézel 1999) while its total land surface
is less than 2 % of the world’s land mass. This and a high
level of endemism make the Mediterranean Basin a “biodi-
versity hot spot” (Myers et al. 2000). Pre-Pleistocene tec-
tonic factors are commonly recognized to explain species
diversity in the Mediterranean where plant taxa both from
Laurasia and the remains of Gondwana are intermixed and
Asian lineages are frequent (Petit et al. 2005). Later Pleis-
tocene glacial cycles further increased species diversity,
although probably not in conifers that were already well
differentiated at the end of the Tertiary (Eckert and Hall
2006). Similarly, Quaternary glacial refugia acted as hot-
spots of genetic diversity (Petit et al. 2003). Populations of
Mediterranean and European taxa remained isolated from
each other for several tens of thousands of years repeatedly

throughout the Pleistocene, limiting possibilities for exten-
sive gene flow and generating strongly genetically divergent
populations (Petit et al. 2005; Rodriguez-Sanchez et al.
2010). Tectonic and climatic processes leading to geographic
heterogeneity and fragmentation can certainly explain congru-
ent genetic and species differentiation spatial patterns. Médail
and Diadema (2009) have identified a mosaic-type pattern of
phylogeographic hotspots (refugial zones with high genetic
uniqueness) congruent overall with the presence of regional
hotspots of species diversity and endemism, many localized in
the three Mediterranean peninsulas. If such historical process-
es can explain the high level of differentiation found in
Mediterranean pines, other factors, though, remain to be
found to explain their within-population altitudinal and longi-
tudinal spatial patterns (Fig. 1a and b).

3.7 The phylogenetic imprint and the emergence
of fire-adaptive traits

Using a strict consensus tree built on DNA sequence varia-
tion at two plastidic loci, rbcl and matK, Gernandt et al.
(2005) demonstrated that pines of the Mediterranean Basin
have a common Old World phylogenetic origin dated to 128
million years (MY) ago. Low- and mid-elevation Mediter-
ranean pines (and P. heldreichii) belong to subgenus Pinus,
section Pinus, subsection Pinaster while mountain Mediter-
ranean pines belong to the same subgenus and section but to
subsection Pinus. P. peuce, on the other end, belongs to an
entirely different subgenus (Strobus) making it more similar
to Pinus cembra L. (the Swiss stone pine) than to Mediter-
ranean pines. Mountain Mediterranean pines also differ
from lower-elevation pines by their age. Mountain Mediter-
ranean pines form a 20-MY-old Oligocene group whereas
lower-elevation Mediterranean pines make up a 96-MY-old
Cretaceous group (Eckert and Hall 2006). Common phyloge-
netic origin can force congruent levels of genetic diversity to
appear in congeneric species. For example, congeneric taxa
are known to express similar levels of genetic diversity irre-
spective of their distribution status (widespread vs endemic;
Gitzendanner and Soltis 2000). A likely phylogenetic imprint
in pines of subgenus Pinus is adaptation to wildfire (Keeley
2012). Fire-adaptive phenotypic and functional traits (e.g.,
early cone onset and serotinous cones under high intensity
fires and thick bark and self-pruning under low intensity fires)
are widespread in subgeneus Pinus (Pausas et al. 2004;
Fernandes and Rigolot 2007) and constitute evolved strategies
(Schwilk and Ackerly 2001). Their emergence is dated to after
126 MY, during the fire-prone lower Cretaceous (He et al.
2012), at the time of emergence of pines of the Mediterranean
Basin. A likely outcome of repeated wildfires is also the
reduction of effective population size and loss of genetic
diversity within population. Adaptation to fire can thus
explain the low genetic diversity of low-elevation pines in
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the entire subgenus Pinus (from the Mediterranean Basin
pines of section Pinus, subsection Pinaster to the Californian
pines of section Trifoliae, subsections Australes and Ponder-
osae). However, in these clades, many species have retained
comparatively large levels of neutral genetic diversity (e.g.,
Pinus canariensis; Gómez et al. 2003) as well as of adaptive
variation in wildfire adaptive traits (Santos-del-Blanco et al.
2010). The genetic differences between low and higher-
elevation pines may thus also be found in processes related
to more recent events.

3.8 The genetic consequences of the Last Glacial Maximum
and the Holocene: drift, recolonization and/or adaptation

Recolonization via founder effects and demographic bottle-
necks under adverse local environmental conditions can
both lead to low genetic diversity within populations and
high differentiation (Young et al. 1996; Le Corre and
Kremer 1998). Despite their ability for long-distance dis-
persal, habitat fragmentation was also found to be a power-
ful driver of within population genetic loss in woody plants
(Vranckx et al. 2012). Such demographic processes are
likely to have happened in the Mediterranean. The existence
of Eastern Mediterranean refugia and their role in the Ho-
locene recolonization of Europe has been widely acknowl-
edged for major forest species (Magri et al. 2006; Liepelt et
al. 2009). Perhaps more significant for the Mediterranean
and its populations trapped in southern glacial refugia, is the
fact that climate during the Last Glacial Maximum (LGM)
was much harsher (drier and colder) in Western Europe and
the Mediterranean and becoming gradually more favorable
going east (van Andel 2002). Both recolonization from
refugia in the Eastern Mediterranean into the Western Med-
iterranean and local survival of populations under an LGM
climate of increasing severity from east to west, would lead
to a decreasing trend of genetic diversity from east to west in
the Mediterranean.

P. halepensis provides an interesting case study where
demographic bottlenecks seem as likely to have imprinted
its current genetic diversity as long distance recolonization.
This pine has the typical low genetic diversity of low-
elevation Mediterranean pines, markedly increasing from
west to east. The spatial structure of gene ancestry at eight
nuclear genes involved in drought response suggests that
Aleppo pine recolonized its almost peri-Mediterranean dis-
tribution area during the Holocene from eastern Mediterra-
nean refugia and underwent selection along the way in its
new habitats (Grivet et al. 2009). This hypothesis is also
presented by Gomez et al. (2005) using the distribution of
chloroplast microsatellite variability in the Iberian Peninsula
as evidence. As an alternative hypothesis to this long-
distance dispersal recolonization scenario, Fady and Conord
(2010), looking at genetic diversity at isozyme loci, sug-
gested that Aleppo pine suffered strong demographic bottle-
necks in the western part of its distribution area at the LGM,
whereas it did not in its eastern part where LGM climate was
more favorable. This hypothesis does not involve long-
distance dispersal and is based on the probable existence
of local populations throughout the Mediterranean Basin
at LGM, as modeled by Benito-Garzón et al. (2007) for
Spain.

Local survival under harsh environmental conditions dur-
ing the LGM and more broadly throughout the Quaternary
glacial cycles was proposed for P. pinea as well (Vendramin

Fig. 1 Trends in the within-population genetic diversity of Mediterra-
nean pines. a P. halepensis, a case study of west-to-east increasing
diversity (correlation between longitudinal position and heterozygosity
is 0.44 with a p value of 0.002, data from Fady (2005)). The eastern-
most dot corresponds to the mean heterozygosity of P. brutia in
Turkey. b Increase in diversity from low elevation xerothermic pines
(A) to mid-elevation mesothermic pines (B) and high elevation moun-
tain pines (C) p value of 0.03 for the genetic differentiation among the
three zones, data from California and Mediterranean basin pines in
Fady and Conord (2010))
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et al. 2008a). More generally, the hypothesis of local sur-
vival under adverse environmental conditions provides a
straightforward explanation of the lower diversity and
effective population size of Western Mediterranean pop-
ulations and of all thermophilous low-elevation pines,
including low-elevation Californian pines (Fig. 1b)
(Fady and Conord 2010).

Additional factors may play an important role in gener-
ating low diversity within and high differentiation among
low-elevation pine populations. The low-elevation pines P.
halepensis and P. pinaster are pioneer species, with com-
paratively shorter life cycles and juvenile phases than aver-
age in trees, which can be expected to significantly increase
differentiation and decrease genetic diversity (Austerlitz et
al. 2000). However, many higher-elevation pines which do
not display significant differentiation and low diversity can
also be considered as pioneer species. Yet also, repeated
wildfires and other anthropogenic habitat modifications over
the last few millennia may have increased demographic
bottleneck effects in low-elevation pines, particularly so in
California (Pausas et al. 2006).

Finally, adaptation to local and regional environmental
conditions may have influenced genetic diversity. Differ-
ences among populations within species for fitness-related
traits can significantly modify the expected distribution of
species (Benito Garzon et al. 2011). It is thus likely that the
necessity to adapt locally will have modified the structure of
Mediterranean pines. Eveno et al. (2008) have shown that
allelic patterns at candidate genes clearly diverge from neu-
tral expectations in P. pinaster. Grivet et al. (2011) then
showed that allele frequencies at some of these candidate
genes correlate significantly with different temperature
indices across the range of both P. pinaster and P. halepen-
sis. Sensitivity to temperature (Climent et al. 2009) or to (its
proxy) elevation (Kurt et al. 2012) rather than to water
availability (Chambel et al. 2007; Lamy et al. 2011) seems
to be the dominant driver of Mediterranean pine adaptive
diversity range-wide. Local adaptation is widespread in
natural populations (Savolainen et al. 2007). Yet, despite
intense selection, diversity within population remains sig-
nificant. At the edge of species ranges, where local adapta-
tion may break down (Savolainen et al. 2007), genetic
diversity can be lost due to natural selection and demo-
graphic bottlenecks and thus explain such patterns as those
found for Mediterranean pines. However, adaptation is more
likely to result in mosaic-type patterns of diversity range-
wide because of the highly diverse ecological conditions
where species can survive, as shown for P. pinaster by
Gonzalez Martinez et al. (2002) and for predator–prey rela-
tionships in P. halepensis by Mezquida and Benkham
(2005). Convergent selection results in populations of dif-
ferent evolutionary lineages to display similar levels adap-
tive diversity (Gonzalez Martinez et al. 2004).

4 Conclusion

Pines belong to a genus of distant evolutionary history and
effects imprinted in their genomes are possibly quite old.
The high differentiation found among populations can be
due to the more recent genetic imprint of the complex
topography and geography of the Mediterranean. Congruent
levels of neutral genetic diversity in the Mediterranean
Basin and in California also point to the likely role of past
climate on the demography of resident populations during
glacial periods. Resident populations remaining in suitable
but reduced and fragmented habitats under unfavorable cli-
matic conditions are likely to have suffered genetic bottle-
necks (Vranckx et al. 2012), thus contributing significantly
lower genetic diversity to locally recolonized populations. It
has been shown theoretically that both long distance recol-
onization and the presence of multiple cryptic refugia can
produce the same spatial patterns of distribution range-wide
(Roques et al. 2010). This perspective brings new light to
the role of past climate on genetic diversity, more frequently
acknowledged for its imprint via Holocene recolonization
dynamics (Hewitt 2000) than directly on the effective size of
resident populations, as suggested here. With climate
change predicted to increase its impact, low elevation pines
are likely to play an increasingly important ecological role
in the future. Although they seem to retain some (sometimes
very limited) level of adaptive diversity (Chambel et al.
2007), their low neutral diversity, indicative of strong
genetic bottlenecks, could be of concern for conservation
and future adaptation.

According to Hewitt (2004): “The present genetic con-
stitution of populations and species carries attenuated sig-
nals of […] past dynamics”. However, trying to infer
ecological and demographic processes and the role of envi-
ronmental factors from spatial genetic patterns is certainly
not straightforward. There is much to be gained by synthe-
sizing results from many studies at large spatial scales when
factors act concurrently on a process. However, such efforts
may also blur factors affecting single species differently, or
in opposite ways. In general, species-rich Mediterranean
regions of the world where enough past climate data are
available can provide further experimental data to decipher
the role of climate on genetic diversity, directly via demo-
graphic bottlenecks and break down of local adaptation, or
indirectly via long distance dispersal and recolonization.
Within the genus Pinus, recent and increasingly developing
advances in genomics make testing for signature of selection
possible across distribution areas for key processes (see
Grivet et al. 2011 for the role of selection for drought
resistance in P. halepensis and P. pinaster), providing
opportunities to further disentangle the roles of demography
and selection on genetic diversity. A better understanding of
the role of past environmental factors on pine genomes may
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be useful for a more comprehensive evaluation of their
future in a changing world!
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