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Genetic diversity patterns of Eastern Mediterranean conifers

The Eastern Mediterranean Region (EMR) is rich in conifers taxa belonging to Abies, Cedrus, Juniperus and Cupressus genera, which are found in the Taurus Mountains of Turkey, and along the eastern Lebanese mountain range that stretches down to Syria. Climate and geological events played a key role in determining the spread and persistence of these conifers in their natural habitats. Climatic oscillations occurred during contemporary and geological timescales leading to local extinction or dispersion of these conifers to more suitable areas. The Eastern Mediterranean Region (EMR) is expected to be more strongly affected by ongoing global climate change than most other regions of the planet. Given the magnitude of forecasted trends, there are grave concerns in the region for the future of these conifers and their adaptation. Moreover, humans have had a local impact on the EMR ecosystem that made it fragmented and degraded as some of these conifer species have been intensively exploited, the other frequently planted. These natural and human made events left behind important genetic information to be explored about the evolution and spread of these conifers. Modern genetics tools are being used to unravel the genetic diversity of some conifer species showing bottleneck effects, allelic richness and isolation events and therefore demonstrating conifer ability to adapt to climate change. The biogeography and diversification history of four of these EMR conifers, Abies cilicica, Cedrus libani, Juniperus drupacea and J. excelsa as well as distribution of their isolated populations will be discussed in this paper with special insights given to leading and rear edge populations.

The Mediterranean basin plant diversity

The Mediterranean basin is one of the world's main centers of plant biodiversity, occupying a total area of 2.3 million km² with over 25,000 plant species, half of which are endemic [START_REF] Quézel | La flore du bassin méditerranéen: origine, mise en place, endémisme[END_REF]. This floristic group represents 10% of the world's flora and occupies only 1.5% of the land surface, and is one of the 34 global biodiversity hotspots [START_REF] Médail | Biodiversity hotspots in the Mediterranean Basin: setting global conservation priorities[END_REF][START_REF] Médail | Mediterranean Basin[END_REF][START_REF] Mittermier | Hotspots revisited: Earth's biologically richest and most endangered terrestrial ecoregions[END_REF]. Hotspots are characterized by both exceptional levels of endemism and critical levels of habitat loss. They are, therefore, the main object of conservation efforts. The Eastern Mediterranean Region (EMR) includes the territories of Turkey, Syria, Lebanon, Cyprus, Palestine and Israel. The species richness of the EMR is attributed to the complex geographical, geological and climate history of this region. It is predicted that this region will be strongly affected by climate change [START_REF] Herling | On the increased frequency of Mediterranean drought[END_REF].

Geology and geography

The EMR is composed of different tectonic units. Six originally independent tectonic plates conglomerated to form the Anatolian plate during the Oligocene about 30 Ma (Fig. 1). Then, a stretch of the African plate land, about 150 km wide, formed a wedge the Mediterranean Sea and the Arabian plate. It stretched from the Taurus Mountains in the north to the Isthmus of the Suez in the south and attached to the eastern part of the Anatolian plate during the Oligocene [START_REF] Jolivet | Mediterranean extension and the Africa-Eurasia collision[END_REF][START_REF] Faccenna | Subduction and the depth of convection in the Mediterranean mantle[END_REF][START_REF] Van Hinsbergen | Nappe stacking resulting from subduction of oceanic and continental lithosphere below Greece[END_REF].

The late Miocene and Pliocene period was associated with large-scale orogeny throughout the region [START_REF] Oosterbroek | Area-cladograms of Circum-Mediterranean taxa in relation to Mediterranean palaeogeography[END_REF][START_REF] Bilgin | Back to the suture: the distribution of intraspecific genetic diversity in and around Anatolia[END_REF]. The mountain range of the Anatolian Diagonal was formed around 30-25 Ma as a consequence of the Arabia-Eurasia collision [START_REF] Jolivet | Mediterranean extension and the Africa-Eurasia collision[END_REF]. This process is still in (Deep Time Maps™ produced by Colorado Plateau Geosystems, Inc.); B) Simplified digital relief image of the eastern Mediterranean region, depicting the major plates (Africa, Arabia, Eurasia, and Anatolia) and their boundaries, important fault systems and orogenic belts. Black triangles are on the upper plates along fault boundaries and show the plate convergence directions progress as the Arabian Plate converges with the Eurasian Plate while the Anatolian Plate escapes towards the west along the major strike-slip faults of Anatolia [START_REF] Sengör | Tethyan evolution of Turkey: a plate tectonic approach[END_REF]. The Anatolian Diagonal acts as a barrier for a wide range of taxa [START_REF] Kapli | Molecular phylogeny and historical biogeography of the Anatolian lizard Apathya (Squamata, Lacertidae)[END_REF].

The Taurus Mountain Range stretches 800 km west to east and 150 km south to north along the Turkish coast of the eastern Mediterranean with an altitude reaching up to 4,000 m above sea level (a.s.l.). The Taurus Mountains can be divided into two sectors, the western and central Taurus, where several glaciated mountains situated above 2,000 m a.s.l. are present.

Lebanon has high and broad relief, with the highest mountain ranges of the Levant: Mt Lebanon (3,088 m) and Mt Hermon (2,800 m). Geological observations in central Lebanon suggest a Mid-to Late-Miocene age for the Flexure, with much of the mountain formation postdating 13 Ma. The bulk of uplift and largest amount of folding postdate the Late-Miocene (10-7 mya). Folding, uplift and faulting along the northern foreland belt started after the end of the Miocene (5 Ma) and continues to the present day [START_REF] Elias | Mid-miocene to present growth and uplift of Mt-Lebanon and tectonic evolution of the Dead Sea transformes restraining bend[END_REF]. It is noteworthy that mountain ranges are among the basic elements that have played a crucial role in the evolution of the uniqueness and species richness of the Mediterranean flora [START_REF] Thompson | Plant evolution in the Mediterranean[END_REF].

Another major geological event that affected life distribution in the Mediterranean is the "Messinian salinity crisis". This event occurred after the Mediterranean Sea split off from the Atlantic Ocean (ca. 5.9 Ma ago) [START_REF] Hsü | Late Miocene desiccation of the Mediterranean[END_REF]. This split resulted in the drying up of the Mediterranean and created a range of environmental conditions favorable to certain taxonomic groups but unfavorable for others [START_REF] Fiz-Palacios | From Messinian crisis to Mediterranean climate: a temporal gap of diversification recovered from multiple plant phylogenies[END_REF]. Thus, terrestrial and marine ecosystems were subject to important modifications. In this context, the Mediterranean islands would have played the role of stepping grounds in a hostile environment allowing the migration of certain taxa from one side to the other of the Mediterranean. This drought that lasted about 2,000 years must have ended abruptly 5.33 Ma [START_REF] Krijggsman | Chronology and progression of the Messinian salinity crisis[END_REF], when the connection between the Atlantic Ocean and the Mediterranean was reestablished, a phenomenon known today as the "Zanclean flood".

Climate

The Mediterranean climate, which is characterized by a strengthening of the contrast of the seasons and a fall in winter temperatures, began to take place during the Pliocene period between 3.5 and 2.4 Ma [START_REF] Suc | Origin and evolution of the Mediterranean vegetation and climate in Europe[END_REF]. During this period, warm and dry climate conditions were prevalent and were associated with an abundance of open vegetation taxa followed by the occurrence of subtropical to warm-temperate arboreal taxa [START_REF] Fauquette | How much the climate forced the Messinian salinity crisis? Quantified climatic conditions from pollen[END_REF][START_REF] Bertini | Pliocene to Pleistocene palynoflora and vegetation in Italy: state of the art[END_REF]).

The Quaternary period, which concerns the last 2.4 million years, was characterized by a series of glaciations where glacial conditions accounted for up to 80% of the Quaternary. The oldest glacial deposits in the eastern Mediterranean date to about 29-35 ka, prior to the so-called global Last Glacial Maximum (LGM).

The glaciers probably developed even much earlier (~71 ka) and deglaciated around 29 ka, prior to the LGM. Later, glaciers re-advanced and reached their maximum extents during the LGM (21.5-18.5 ka). After the LGM, the glaciers started to retreat to their less extensive locations and stabilized for some time to produce the Late-glacial moraines (~16 ka). Although less extensive than in the LGM and Late-glacial times, Younger Dryas (12 ka) advances are also observed in the eastern Mediterranean. Early Holocene glaciations, dated to about 8.5 kya were supposed to be present in the interior regions. Last but not least, late Holocene (1-4 ka) and Little Ice Age advances were much less extensive than older glaciations and developed only at certain locations, as predecessors of the present glaciers. Fourteen mountains in the eastern Mediterranean, between southern Turkey and Lebanon, are high enough to support Quaternary valley glaciers or ice caps. The timing of the glaciations has been established mainly by cosmogenic dating [START_REF] Sarıkaya | Late Quaternary glaciations in the eastern Mediterranean[END_REF]. The glaciers in the eastern Mediterranean developed mostly on the northern-facing cirques or mountaintop plateaus (above 3,000 m a.s.l.), and descended to lower elevations (1,900-2,200 m a.s.l.), producing several kilometer-long valley or piedmont glaciers (Fig. 2).

The Pleistocene climatic oscillations had severe impacts on the distributions of many animal and plant species [START_REF] Grabherr | Climate effects on mountain plants[END_REF][START_REF] Avise | Phylogeography: the history and formation of species[END_REF][START_REF] Thuiller | Climate change threats to plant diversity in Europe[END_REF][START_REF] Stewart | Refugia revisited: individualistic responses of species in space and time[END_REF]). However, the influence of climatic changes on distributions strongly varies among species due to their diverse ecological requirements. In temperate regions, the warming induced upward shifts of species along altitudinal and latitudinal clines [START_REF] Davis | Range shifts and adaptive responses to quaternary climate change[END_REF][START_REF] Gaston | The structure and dynamics of geographic ranges[END_REF][START_REF] Wilson | Changes to the elevational limits and extent of species ranges associated with climate change[END_REF][START_REF] Hickling | The distributions of a wide range of taxonomic groups are expanding polewards[END_REF][START_REF] Telwala | Climate-induced elevational range shifts and increase in plant species richness in a Himalayan biodiversity epicentre[END_REF]. The geographic ranges of Fig. 2. Google Earth view of Mount Makmel cirques feeding Qadisha valley warm-adapted taxa expanded upwards of mountains and polewards during warm periods and retracted downwards and towards the equator when the climate became cooler. By contrast, cold-adapted species expanded their ranges from mountain and arctic refugia during cold periods [START_REF] Hewitt | Some genetic consequences of ice ages, and their role in divergence and speciation[END_REF][START_REF] Wilson | Changes to the elevational limits and extent of species ranges associated with climate change[END_REF]. Taurus, Anti-Taurus, Amanos and Lebanon mountains regions have been recognized as refugia of the Tertiary floras [START_REF] Médail | Glacial refugia influence plant diversity patterns in the Mediterranean Basin[END_REF].

The orientation of the mountains ranges is also important for warming/cooling-driven plant species geographical range shifts. North-south oriented mountain chains like what is observed in mount Lebanon and Anti-Lebanon ranges allows latitudinal migrations (Fig. 3). The cyclic range shifts resulted in characteristic biogeographic patterns in different regions of the world [START_REF] Hewitt | Genetic consequences of climatic oscillations in the Quaternary[END_REF].

The mountains of the Eastern Mediterranean region represent dynamic landscape systems that are highly responsive to climate change [START_REF] Tzedakis | The last 1 million years at Tenaghi Philippon: terrestrial, marine and ice core comparisons[END_REF][START_REF] Regato | Mediterranean mountains in a changing world: Guidelines for developing action plans[END_REF][START_REF] Woodward | The physical geography of the Mediterranean[END_REF][START_REF] Vogiatzakis | Mediterranean mountain environments[END_REF].

Eastern Mediterranean conifers distribution patterns

Conifers distribution patterns are themselves the outcome of repeated geological events and cold and warm periods which have caused faunas and floras to survive and change in refuge areas [START_REF] Stewart | Cryptic northern refugia and the origins of the modern biota[END_REF][START_REF] Petit | Identification of refugia and post-glacial colonisation routes of European white oaks based on chloroplast DNA and fossil pollen evidence[END_REF]. Current populations are representatives of ancestral lineages that have made their way through time and space. Present-day genetic variation holds an imprint of their journey. However, even if they have undergone the same environmental constraints, each species responds independently to environmental changes. The biology of each species (reproductive system, seed dispersal mode, longevity), its ecology and life history influence its evolution and its geographical distribution dynamic. Three major evolution scenarios are considered when attempting to understand the response of species to these environmental changes [START_REF] Schluter | Ecology and the origin of species[END_REF]): -Species persistence and static evolution: under this approach, species would have experienced contraction and re-expansion phases in their range as a response to changes imposed by the glacial-interglacial cycles [START_REF] Whittaker | Tree species richness modelling: An approach of global applicability?[END_REF][START_REF] Hewitt | Genetic consequences of climatic oscillations in the Quaternary[END_REF][START_REF] Willis | The role of Quaternary environmentale change in plant macroevolution: the exception or rule?[END_REF]. No major genetic differentiation is expected for this dynamic. -Species extinction: the range of species would have fragmented little by little and the number of individuals in each population has decreased below the viable minimum for species, which has led to extinction [START_REF] Svenning | Ice age legacies in the geographical distribution of tree species richness in Europe[END_REF]). -Allopatric speciation: geographical isolation would have favored local adaptations and genetic differentiation of populations [START_REF] Turelli | Theory and speciation[END_REF]). As a result, new species may have developed reproductive barriers during the re-expansion or range overlap phase [START_REF] Hewitt | Some genetic consequences of ice ages, and their role in divergence and speciation[END_REF][START_REF] Willis | Species diversity -scale matters[END_REF][START_REF] Willis | The role of Quaternary environmentale change in plant macroevolution: the exception or rule?[END_REF][START_REF] Thompson | Plant evolution in the Mediterranean[END_REF].

The geographical distribution of the four conifer species of the eastern Mediterranean region, Abies cilicica, Cedrus libani, Juniperus drupacea and J. excelsa (Fig. 4) will be analyzed based on genetic markers unraveling their evolution response to the environmental changes that they experienced.

Abies cilicica

Abies cilicica Carr. is a long-lived and outcrossed conifer species belonging to the Pinaceae family. It is endemic to the EMR and present in the Taurus, Anti-Taurus and Amanos mountains of Turkey, the Alawi mountains in Syria and the Northern Mount Lebanon range in Lebanon (Fig. 4). Its spread is not continuous and spatially isolates in Lebanon, are separated by more than a 150 km distance from their Syrian neighbors. In Lebanon, A. cilicica is geographically marginal as it currently occupies the southernmost position where the varied topography of Mount Lebanon shelters geographically isolated forest patches.

A. cilicica is wind pollinated and its winged seeds are dispersed by wind. The seed dispersal mode improved through wings is called pterometeorochory by [START_REF] Vittoz | Seed dispersal distances: a typology based on dispersal modes and plant traits[END_REF] and [START_REF] Müller-Schneider | Verbreitungsbiologie (Diasporologie) der Blütenpflanzen. Veröffentlichungen des Geobotanischen Institutes der Eidg[END_REF] estimated its maximum dispersal distances for trees range between 80 and 314 m (Fig. 5).

Cedrus libani

Cedrus libani A.Rich also belongs to Pinaceae family. It is currently found in the mountains of Turkey, Syria and Lebanon starting at 1,400 to 2,200 m a.s.l. [START_REF] Quézel | Ecologie et biogéographie des forêts du bassin méditerranéen[END_REF].

Vanishing forests were already mentioned during the 1st century B.C. and they continued to be overexploited through historical times. It is now estimated that the current 2,000 ha of patchy cedar forests found in Lebanon are the remnants of more than 500,000 ha of post glacial forest (Alptekin et al. 1997). In Turkey, cedar forests cover almost 110,000 ha and occur primarily in the Taurus mountains, which steep slopes have somewhat sheltered its forests from over-exploitation and extirpation [START_REF] Boydak | The effect of prescribed fire on the natural regeneration success of Lebanon Cedar (Cedrus libani A. Rich.) at Antalya-Kafl Locality[END_REF]. The history of C. libani is inferred through palynological studies performed in Lebanon, Syria and Turkey [START_REF] Niklewski | A Late Quaternary pollen diagram from NW Syria[END_REF]Hajar et al. 2010b). These studies show that the range of C. libani forests has changed since the Late Glacial. C. libani is also wind pollinated and its winged seeds are dispersed by wind.

In Greece, Cedrus possibly persisted a little longer, but records from Tenaghi Philippon indicate that during the last 1.4 Ma it was already sparse and disappeared by 0.7 Ma. The fossil record in Rhodes, that resemble the current distribution of C. libani, shows high percentages during the early Middle Pleistocene, when in the rest of Europe Cedrus was already absent or very sparse. The lack of data after 0.5 Ma does not allow age fixing of its disappearance from the island. On the whole, it appears that a dramatic decrease of Cedrus in the central Mediterranean regions took place in a relatively short time, similarly to other conifer taxa (e.g. Tsuga, Cathaya) that were extirpated from the region. It happened during the Middle Pleistocene revolution, corresponding to a time of major changes of periodicity and amplitude of the glacial-interglacial cycles from 41 ka to approximately 100 ka [START_REF] Tzedakis | Determining the natural length of the current interglacial[END_REF][START_REF] Bertini | Pliocene to Pleistocene palynoflora and vegetation in Italy: state of the art[END_REF][START_REF] Magri | Quaternary history of Cedrus in southern Europe[END_REF].

Juniperus excelsa

Juniperus excelsa M.-Bieb. (including J. polycarpos K.Koch) extends from the Eastern Mediterranean Basin to Crimea in Ukraine, and more to the East reaching the Caucasus mountains, the Elbortz mountains in Iran and the Kopet mountains in Turkmenistan (Fig. 4). It is a slow growing, monoecious or dioecious, and wind pollinated conifer belonging to Cupressaceae family [START_REF] Farjon | A monograph of cupressaceae and sciadopitys[END_REF]Adams 2008). With respect to the seed dispersal systems, J. excelsa produces fleshy fruits (cones) which are dispersed by gravity or at longer distances by animals. Birds like Turdus were considered by [START_REF] Jordano | Seed weight variation and differential avian dispersal in blackberries Rubus ulmifolius[END_REF] as the most important quantitative Juniperus sp. seed dispersers among frugivorous birds of Spain. In these birds, the food is passed through the digestive tract rapidly with only the pulp of the fruit being partially digested [START_REF] Pough | Vertebrate life[END_REF]. Gut passage time (GPT) of seeds defecated by captive Turdus species is between 12 and 60 minutes [START_REF] Gasperin | Passage time of seeds through the guts of frugivorous birds, a first assessment in Brazil[END_REF]. GPT is very important for long distance dispersion. Small mammals such as red fox and stone marten are potentially key dispersers for Mediterranean junipers [START_REF] Jordano | Fruits and frugivory: Pedro Jordano[END_REF][START_REF] Guzmán | Frugivore carnivores: preferences and contribution to seed dispersal of red fox Vulpes vulpes (Linnaeus, 1758) and stone marten Martes foina (Erxleben, 1777) in Carrascal de la Font Roja Natural Park[END_REF]) with an estimated dispersal distances by endozoochory between 400 and 1,000 m (Fig. 5).

The ability of Juniperus to disperse their seeds may be critical for their survival under the current constraints of landscape fragmentation and migratory birds illegal killing [START_REF] Brochet | Preliminary assessment of the scope and scale of illegal killing and taking of birds in the Mediterranean[END_REF].

Juniperus drupacea

Juniperus drupacea Labill. belongs to the Cupressaceae family. The current geographical range of J. drupacea covers the southern parts of the Peloponnese in Greece, the southern parts of Asia Minor and the mountains of Syria and Lebanon and northernmost borders of Israel [START_REF] Browicz | Chorology of trees and shrubs in south-west Asia and adjacent regions[END_REF][START_REF] Talhouk | Conservation of the coniferous forests of Lebanon: past, present and future prospects[END_REF]). In Turkey it is located in the Taurus, Anti-Taurus and Amanos mountains. It is usually present between 600 and 1,800 m altitude on rocky and lime terrains [START_REF] Boratyński | Juniperus drupacea in Greece[END_REF].

Juniperus drupacea occurs either in small groups or solitary in communities in Asia composed of Cedrus libani, Abies cilicica, Pinus nigra, Juniperus foetidissima and Juniperus excelsa, in Europe of Abies cephalonica and sometimes J. oxycedrus. It is a dioecious tree, wind pollinated and characterized by exceptionally large pedunculate, drupe-like stone with 3 fused seeds [START_REF] Vidakovic | Conifers[END_REF]Adams et al. 2014;[START_REF] Sobierajska | Effect of the Aegean Sea barrier between Europe and Asia on differentiation in Juniperus drupacea (Cupressaceae)[END_REF]. The fused bract-scale have high sugar content (Akinci et al. 2004), favoring dispersal by mammals rather than birds and consequently have a more limited dispersion radius which could explain the absence of this species from the Agean and the other islands [START_REF] Farjon | A monograph of cupressaceae and sciadopitys[END_REF].

Genetic diversity

The genetic diversity observed in coniferous species from the Mediterranean estimated with a different set of genetic markers is considered to be high [START_REF] Meloni | Genetic variation in five Mediterranean populations of Juniperus phoenicea as revealed by Inter-Simple Sequence Repeat (ISSR) markers[END_REF][START_REF] Michalczyk | Characterization of highly polymorphic nuclear microsatellite loci in Juniperus communis L[END_REF][START_REF] Terrab | Range-wide phylogeography of Juniperus thurifera L., a presumptive keystone species of western Mediterranean vegetation during cold stages of the Pleistocene[END_REF][START_REF] Boratynski | High level of genetic differentiation of Juniperus phoenicea (Cupressaceae) in the Mediterranean region: geographic implications[END_REF][START_REF] Douaihy | High genetic diversity with moderate differentiation in Juniperus excelsa from Lebanon and the eastern Mediterranean region[END_REF][START_REF] Sękiewicz | Effect of geographic range discontinuity on species differentiation-East-Mediterranean Abies cilicica: a case study[END_REF]. Higher levels of genetic variability are observed in East Mediterranean species compared to West Mediterranean species (Tab. 1) [START_REF] Fady-Welterlen | Is there really more biodiversity in Mediterranean forest ecosystems?[END_REF][START_REF] Dagher-Kharrat | Geographical diversity and genetic relationships among Cedrus species estimated by AFLP[END_REF][START_REF] Douaihy | High genetic diversity with moderate differentiation in Juniperus excelsa from Lebanon and the eastern Mediterranean region[END_REF][START_REF] Awad | Genetic structure and diversity of the endangered fir tree of Lebanon (Abies cilicica Carr.): implications for conservation[END_REF]). This variability is believed to be related to the relatively more stable palaeoenvironmental conditions prevailing in the eastern part of the Mediterranean during the last glacial cycle [START_REF] Young | The population genetic consequences of habitat fragmentation for plants[END_REF][START_REF] Fady | Macroecological patterns of species and genetic diversity in vascular plants of the Mediterranean basin[END_REF]. Moreover, long-lived, wind-pollinated, primarily outcrossing, tree species typically display greater within-population diversity. However, at species level, some populations hold lower genetic diversity than the mean value for the species. This may be indicative of potential bottleneck effect [START_REF] Nei | The bottleneck effect and genetic variability in populations[END_REF], inbreeding or founder effects [START_REF] Hedrick | Genetics of populations[END_REF][START_REF] Cole | Genetic variation in rare and common plants[END_REF]). This was the case for the southernmost, limit population of Abies cilicica in Ehden -Lebanon [START_REF] Awad | Genetic structure and diversity of the endangered fir tree of Lebanon (Abies cilicica Carr.): implications for conservation[END_REF], the relict population of Cedrus libani in Bcharré -Lebanon (Bou Dagher-Kharrat et al. 2007) and the Catalan planted population in northern Turkey as well as the westernmost population of Juniperus drupacea in Taygetos -Greece.

Populations of the southern edge of Abies cilicica (rear edge population) were significantly less genetically diverse and had significantly less allelic richness than the other assessed populations of the same species considered by [START_REF] Sękiewicz | Effect of geographic range discontinuity on species differentiation-East-Mediterranean Abies cilicica: a case study[END_REF] as a subspecies A. cilicica subsp. isaurica. The same applies to Bcharré population of Cedrus libani situated at 2,000 m elevation a.s.l., which is the upper distribution limit of this species in Lebanon (altitudinal marginality). This population is constituted of about four hundred multicentenary old trees that survived a severe bottleneck effect. Catalan, another C. libani population from Pontic mountains is isolated in northern Turkey. Planted more than 20 centuries ago, Catalan populations shows low genetic diversity [START_REF] Dagher-Kharrat | Geographical diversity and genetic relationships among Cedrus species estimated by AFLP[END_REF][START_REF] Fady | Genetic consequences of past climate and human impact on eastern Mediterranean Cedrus libani forests. Implications for their conservation[END_REF]) reflecting a founder effect and lack of gene exchange from other Turkish populations. Isolated Greek populations of J. drupacea showed the lowest genetic diversity and the lowest allelic richness of the species. This is congruent with the central-marginal hypothesis that proposes generally lower levels of diversity in marginal populations [START_REF] Eckert | Genetic variation across species' geographical ranges: The central-marginal hypothesis and beyond[END_REF]. It also could be indicative of the repeated bottleneck events and/or founder effects during westward colonization from the eastern populations of J. drupacea that experienced less dramatic aridity during the Pleistocene cold periods [START_REF] Fady-Welterlen | Is there really more biodiversity in Mediterranean forest ecosystems?[END_REF][START_REF] Fady | Macroecological patterns of species and genetic diversity in vascular plants of the Mediterranean basin[END_REF] .

Genetically depauperate populations tend to have reduced evolutionary potential, which can increase the risk of their extinction [START_REF] Hansson | On the correlation between heterozygosity and fitness in natural populations[END_REF][START_REF] Frankham | Genetics and extinction[END_REF]). However, the peripheral populations whether they represent altitudinal or latitudinal marginality or simply isolated population from the core distribution area of the species, often contain unique genetic resources, which may ultimately prevent species extinction [START_REF] Kawecki | Adaptation to marginal habitats[END_REF][START_REF] Channell | Dynamic biogeography and conservation of endangered species[END_REF][START_REF] Holliday | Divergent selection and heterogeneous migration rates across the range of Sitka spruce (Picea sitchensis)[END_REF].

The populations occurring at the rear edge (i.e. the low-latitude limit) of species geographic distributions where populations have often persisted over long periods of geological time and experienced a complex evolutionary history are gaining interest (Hampe, Petit 2005;[START_REF] Fady | Evolution-based approach needed for the conservation and silviculture of peripheral forest tree populations[END_REF].

Genetic differentiation

For the four species studied, we showed that there is a phylogeographic structure and that forests from Lebanon and Turkey constitute two genetically isolated habitats that probably arose from distinct refugia after the last Quaternary glacial cycle supporting "multi-refugium" hypothesis. The existence of at least two ge-netically isolated (groups of) glacial refugia during the last glacial cycle [START_REF] Hewitt | The genetic legacy of Quaternary ice ages[END_REF][START_REF] Médail | Glacial refugia influence plant diversity patterns in the Mediterranean Basin[END_REF]) is a likely hypothesis for this range-wide spatial structure. The same phylogeographic structure is observed also in different animal taxonomic groups like water frogs (Akïn et al. 2010), earthworms [START_REF] Pavlicek | Faunistic similarity and endemism of earthworms in east Mediterranean region[END_REF], colubrid snakes [START_REF] Tamar | An integrative systematic revision and biogeography of Rhynchocalamus snakes (Reptilia, Colubridae) with a description of a new species from Israel[END_REF]) and banded newt [START_REF] Van Riemsdijk | Molecular data reveal the hybrid nature of an introduced population of banded newts (Ommatotriton) in Spain[END_REF].

Genetic differentiation largely depends on the rate of gene flow between populations mediated in plants by pollen and seed dispersal [START_REF] Grivet | Relative contribution of contemporary pollen and seed dispersal to the effective parental size of seedling population of California valley oak (Quercus lobata, Née)[END_REF]. In wind-pollinated conifers, pollen-mediated gene flow is the main factor acting against genetic differentiation due to the large potential for effective long-distance dispersal (Robledo-Arnuncio, Garcia 2007). Gene flow among populations can enhance local adaptation if it introduces new genetic variants available for selection, but strong gene flow can also stall adaptation by swamping locally beneficial genes. These outcomes depend however on population size, genetic variation, and the environmental context. Gene flow patterns may align with geographic distance, whereby immigration rates are inversely proportional to the distance between populations [START_REF] Sexton | Genetic isolation by environment or distance: which pattern of gene flow is most common?[END_REF].

A moderate level of genetic differentiation has been reported for Mediterranean tree species [START_REF] Fady-Welterlen | Is there really more biodiversity in Mediterranean forest ecosystems?[END_REF][START_REF] Petit | Comparative organization of chloroplast, mitochondrial and nuclear diversity in plant populations[END_REF], reaching 10-13% among populations. Such a geographical pattern of genetic interpopulations differentiation has evolved in response to frequent and abrupt changes in climatic conditions, within the Mediterranean region during the last glacial cycle since ca. 100 ka BP [START_REF] Van Andel | Palaeolithic landscapes of Europe and environs, 150,000-25,000 years ago: An overview[END_REF] or, more probably, during the whole Quaternary period spanning the past 1.6 million years [START_REF] Thompson | Plant evolution in the Mediterranean[END_REF]. The general effect of an increase in atmospheric aridity, brought about by the cold conditions of the last glaciation [START_REF] Elenga | Pollen-based biome reconstruction for southern Europe and Africa 18,000 yr bp[END_REF][START_REF] Fady-Welterlen | Is there really more biodiversity in Mediterranean forest ecosystems?[END_REF] on mountain species in the Mediterranean region, was an altitudinal migration [START_REF] Fady | Genetic consequences of past climate and human impact on eastern Mediterranean Cedrus libani forests. Implications for their conservation[END_REF][START_REF] Fady | Macroecological patterns of species and genetic diversity in vascular plants of the Mediterranean basin[END_REF]Hajar et al. 2010b) that likely severely hindered gene exchange between refugial populations and promoted genetic divergence, especially in small populations. Genetic differentiation also results from the geological complexity of the Mediterranean.

Moreover, the four conifer species mentioned above have their southernmost distribution limit in the Eastern Mediterranean region that has suffered for millennia and still undergoes a very significant anthropogenic impact [START_REF] Kuniholm | Wood[END_REF]. As a consequence, they experience intensive exploitation and habitat fragmentation that restricts gene flow and increases genetic drift [START_REF] Dagher-Kharrat | Geographical diversity and genetic relationships among Cedrus species estimated by AFLP[END_REF][START_REF] Fady | Genetic consequences of past climate and human impact on eastern Mediterranean Cedrus libani forests. Implications for their conservation[END_REF]Hajar et al. 2010a;[START_REF] Douaihy | High genetic diversity with moderate differentiation in Juniperus excelsa from Lebanon and the eastern Mediterranean region[END_REF].

Same history, different stories

The four species went through the same geological, climate and anthropogenic effects. Situated at different altitudes and occupying different ecological niches, each species has also its own biology and life cycle. All these components could explain the dynamic of their recolonization out of the refugia. For instance, basic dispersal information is critical for understanding species' geographical distributions and for predicting the likely impacts of future climate change.

Juniperus spp., including J. drupacea and J. excelsa are known for their pioneer character [START_REF] Zohary | Geobotanical foundations of the Middle East[END_REF]. J. excelsa was even reported as aggressively encroaching on Quercus species in the eastern slopes of Mount Lebanon [START_REF] Mouterde | Nouvelle Flore du Liban et de la Syrie[END_REF]) due partly to their diaspore dispersal mode. Being dispersed by animals, their colonization dynamic was more active and widespread than Abies and Cedrus which seeds are bearing wings and dispersed by wind. Juniperus drupacea with its large berries-like cones, are dispersed by rodents at far shorter distances than the berries of J. excelsa transported mainly by birds (Fig. 5). The aerodynamic properties of the Abies and Cedrus seeds diaspores are determined by the terminal velocity of falling seeds [START_REF] Nathan | Mechanistic models of seed dispersal by wind[END_REF][START_REF] Heydel | Long-distance seed dispersal by wind: disentangling the effects of species traits, vegetation types, vertical turbulence and wind speed[END_REF]. The terminal velocity is a parameter that has been shown to have high predictive power for the wind dispersal potential of diaspores under natural conditions. To our best knowledge to date, there have been no published data on Cedrus and Abies seeds. However, since velocity depends both on body mass and cross-sectional area, a simple observation of the size of the wings and the weight of the seeds predict a higher velocity for Cedrus than for Abies (Fig. 5). C. libani seeds are lighter with larger wings than those of A. cilicica. [START_REF] Vittoz | Seed dispersal distances: a typology based on dispersal modes and plant traits[END_REF] proposed a simple approach to estimate seed dispersal distances to overcome the scarcity of data on seed dispersal distance of species. They estimate a dispersal distance of up to 1,500 m (endozoochory), and 150 m for seeds eaten by birds and large vertebrates and for pterometeorochory (anemochory mode improved through wings). A distance of less than the 314 m was proposed by [START_REF] Müller-Schneider | Verbreitungsbiologie (Diasporologie) der Blütenpflanzen. Veröffentlichungen des Geobotanischen Institutes der Eidg[END_REF] for Abies. In Fig. 5 we propose a seed dispersal scheme for the 4 tree species in this study.

The knowledge of dispersion and migration processes has largely benefited from recent developments in spatial ecology [START_REF] Tilman | Spatial ecology: the role of space in population dynamics and interspecific interactions[END_REF], in ecology and landscape genetics [START_REF] Balkenhol | Landscape Genetics: Concepts, Methods, Applications[END_REF]. The inadequacy between the dispersal potential of plants and their post-glacial recolonization, also known as "Reid's paradox" [START_REF] Clark | Reid's Paradox of Rapid Plant MigrationDispersal theory and interpretation of paleoecological records[END_REF], is an issue that has been recognized for a long time [START_REF] Reid | The origin of British flora[END_REF][START_REF] Skellam | Random dispersal in theoretical populations[END_REF]). The recolonization rates might be overestimated because some glacial refugia remain yet unknown [START_REF] Clark | Reid's Paradox of Rapid Plant MigrationDispersal theory and interpretation of paleoecological records[END_REF][START_REF] Stewart | Cryptic northern refugia and the origins of the modern biota[END_REF].

According to Intergovernmental Panel on Climate Change data (IPCC 2014), responses to climate change have been observed across many species. There is a general trend for species to shift their ranges poleward or up in elevation. Not all species, however, can make such shifts, and these species might experience more rapid declines making trees particularly at risk.

Conclusion

Genetic variation across a species can be influenced by past and contemporary factors such as topographical barriers, presence of diverse micro-and macrohab-itats, complex geologic history and past climatic fluctuations. Signatures of past events can therefore be observed in plant taxa.

The Eastern Mediterranean is likely to be greatly affected by climate change, associated with increases in the frequency and intensity of droughts and hot weather conditions. The impact will be disproportional since this region already shows great diversity and is subject to extreme climate conditions. While some species are adapting by migration, their ability to keep up with the faster changes expected in the future is unclear. The migration of tree species to track the movement of their bioclimatic envelope along altitudinal or latitudinal gradients is slower than the pace of climate change (IPCC 2014). This is particularly true for C. libani, A. cilicica, J. drupacea and J. excelsa having relatively low colonization potential. The "migration lag" is of a particular concern for trees and is a threat to both biodiversity and carbon storage [START_REF] Corlett | Will plant movements keep up with climate change?[END_REF].

Assisted migration, beyond its controversial character (Minteer Ben, Collins James 2010; [START_REF] Hewitt | Taking stock of the assisted migration debate[END_REF]) is considered as a climate change adaptation strategy. In the context of EMR forest fragmentation, natural barriers such as oceans and mountain ranges, or human-created barriers such as large cities and highways, assisted migration seems to be an inescapable proactive approach for conifers conservation.

In-situ conservation should be reinforced in the forest declared as protected areas to give advantage to natural regeneration and to avoid introducing seeds or seedlings from exotic locations outside demes or from very distant locations. For large forest ecological restoration projects, where assisted migration is to be implemented, the choice of genetic resources to be planted should be based on the scientific knowledge acquired from population genetic differentiation and historical gene flow between populations.

In all cases, the loss of genetic diversity should be avoided in order to keep the evolutionary potential of tree species needed to respond to new emerging environmental challenges. 

Literature

Fig. 1 .

 1 Fig. 1. A) Palaeogeographic map representing the Paratethys and the Eurasian, Arabian and African plates at 25 Ma before the onset of the Mediterranean. (Deep Time Maps™ produced by Colorado Plateau Geosystems, Inc.); B) Simplified digital relief image of the eastern Mediterranean region, depicting the major plates (Africa, Arabia, Eurasia, and Anatolia) and their boundaries, important fault systems and orogenic belts. Black triangles are on the upper plates along fault boundaries and show the plate convergence directions
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 5 Fig. 5. Diaspore morphology and seed dispersal in Juniperus excelsa, J. drupacea, Cedrus libani and Abies cilicica
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