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Biodiversity definition from CBD 

 

"Biological diversity" means the variability among living 

organisms from all sources including, inter alia, terrestrial, 

marine and other aquatic ecosystems and the ecological 

complexes of which they are part; this includes diversity 

within species, between species and of ecosystems. 

  

Why look at biodiversity at gene level? 

Genetic diversity is the fuel of evolution (and 

adaptability) 

  



Several paradigms, theories to explain how genetic diversity 

is structured in space : 

- Phylogeopgraphy = movement through space in time 

- Ecology = local adaptation  

- Higher order diversity structure (species diversity explains 

genetic diversity, phylogeny). 

Biodiversity in the Mediterranean: gene diversity, 

from patterns to conservation 

And vice-versa, genetic diversity can help understand what 

ecological and demographic processes have shaped 

landscapes and biomes 
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The European paradigm of  recent evolutionary history: 

Mediterranean glacial refugia: “Hotspots but not melting pots of  

genetic diversity (GD)” 

Petit et al. 

(Science) 2003 

GD 

Mediterranean Basin peninsulas =  

Quaternary glacial refugia (the rear edge effect) 



Genetic imprints of local adaptation as a result 

of ecological gradients 

Clines of  bud burst 

phenology in the European 

oak Quercus petraea 

Ducousso et al. (AFSc) 1996 



Main forest types and altitudinal zones in the 

Mediterranean: an enormous ecological variety! 

Vegetation level Temperature 

variant 

m (°C) T (°C) Dominant woody species 

Infra-

Mediterranean 

Very hot > +7°C > +17°C Argania, Acacia gummifera, (P. 

halepensis) 

Thermo-

Mediterranean 

Hot  +3 to +7°C > +17°C Olea, Ceratonia, P. halepensis / 

brutia, Tetraclinis, P. pinaster 

(sclerophyllous Quercus), (P. 

pinea). 

Meso- 

Mediterranean 

Temperate 0 to +3°C +13 to 

+17°C 

Sclerophyllous Quercus, P. 

halepensis / brutia, P. pinaster 

Supra- 

Mediterranean 

Cool  -3 to 0°C +8 to 

+13°C 

Deciduous Quercus, Ostrya, 

Carpinus orientalis, (P. brutia), 

P. nigra 

Mountain- 

Mediterranean 

Cold -7 to -3°C +4 to 

+8°C 

P. nigra, P. sylvestris, (P. 

heldreichii), Cedrus, Abies, 

Fagus, Juniperus 

Oro- 

Mediterranean 

Very cold  < -7°C < +4°C Juniperus, prostrate spiny 

xerophytes, (P. nigra) 

Fady & Médail  (Encyclopedia Forest Science) 2004 



Quézel & Médail  (Ecologie et biogéographie des forêts du  

bassin méditerranéen) 2003 

Main forest types and altitudinal zones in the 

Mediterranean: an enormous ecological variety! 



Genetic imprints of local adaptation as a result 

of ecological gradients 

Allelic clines in dehydrin 

(stress related) genes in 

Pinus pinaster 

Grivet et al. (MBE) 2010  



Vellend & Geber  (Ecol . Lett.) 2005 

Genetic diversity and species diversity:  

Parallel structures and processes 



Mediterranean Basin: a hotspot of (threatened) 

diversity at species level 

Myers et al. (Nature) 2000 

The role of plate tectonics, climate change and geographic 

heterogeneity  



Plant species diversity in the 

Mediterranean 

data from 

Med-Checklist 

(Greuter 1991) 

Fady & Conord (Div. Distr.) 2010 



Médail & Diadema (J. Biogeogr.) 2009 

Species diversity in the Mediterranean: a series 

of 10 regional hotspots of high endemism and 

plant richness 



The spatial genetic structure of conifers outside and within the 

Mediterranean 
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Gst classes from Hamrick et al.
(1992). 102 conifer isozyme
studies

Gst classes for Mediterranean
conifers. 57 isozyme studies

Mean Gst 

for conifers: 

7.3% 

Mean Gst 

for Medit 

conifers: 

10.7% 

Mediterranean conifer species show more 

differentiation than conifers worldwide  

Fady (Taxon) 2005 



Gene diversity of conifers outside and within the Mediterranean
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He for 

conifers: 

0.151 
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for Medit 
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0.182 

Mediterranean conifer species show higher 

diversity than other conifers worldwide 

Fady (Taxon) 2005 
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A typical clinal east-west pattern of genetic 

diversity in Aleppo pine  

Fady (Taxon) 2005 



Gene diversity within populations: evidence 

of longitudinal patterns in the Mediterranean 

Heterozygosity 

Longitude 

Abies 
Gallwasp 

West East 

Fady & Conord (Div. Distr.) 2010 



Is latitude the only pattern? 

Go beyond the idiosyncrasy of case studies 

Meta-analysis: an appropriate statistical tool using 

already existing / published information 

Looking for broad genetic patterns in the 

Mediterranean across the tree of life 



Meta-analysis 

Framework: unbiased analysis of separately 

published results to detect / confirm trends  

 

Moderators (discrete variables): 

- type of genetic marker 

- type of metrics for reporting GD 

- taxonomic group (phylum, class...) 

- for plants: Raunkiaer's life history trait types 

- reproduction (anemogamous, entomogamous...) 

- dispersion mode (anemochoria,...) 

 

Software: R packages (plyr v0.1.9 (Wickham 2011), 

MAc v1.1 (Del Re and Hoyt 2010)) and MetaWin  



Collecting data for the meta-analysis 

Searching for key-words on ISI Web of Knowledge: 

 

 Phylogeo* 

 Population genetics 

 Genetic diversit* 

 Mediterr* / List of countries around the Mediterranean Basin 

 + relevant studies listed in bibliography of gathered studies 

 

 1980 → today 

 Terrestrial species only 

 

 Purely phylogenetic studies were discarded 

 



Natural autochthonous populations (ie non planted):  

 Diversity metrics (intra-population GD) 

 Latitude, longitude 

 Sample size 

From  “raw data” de novo computation of : 

 Correlation: DG ~ Longitude 

 Partial Correlation : DG ~Longitude|Latitude 

r (or partial r) as “Effect size” : 

never present in collected studies 

Test of redundancy of dataset (species and genetic 

measure within study) by bootstrapping: no bias  

=> all studies were used 

Collecting data for the meta-analysis 



A database across eucaryotes where trees 

and insects are overrepresented 

- 202 

independent 

studies 

from 65 

periodicals 

 

- 244 different 

species  

in the Medit. 

Basin 



A comparative lack of studies in key regions 

(east and south Mediterranean) 

Bioclimatic envelope as in Olson et al. (Bioscience) 2001 



Evaluating biases in the dataset 

Normal Quantile plot 'Funnel' plot 
Standardized 

Effect-sizes 
Effect- sizes 



How to read results from a meta-

analysis: the “forest-plot” 

Metric: 

correlation 

coefficient 

Effect size 

NS Effect size Upper limit of 

the 95% CI 

Genetic Diversity decrease 

from West to East 
Genetic Diversity increase 

from West to East 



The effect of biogeography 

• Overall significant summary effect (except for islands) 

•Stronger effect for the southern part but CIs overlap. 

• High heterogeneity of the effect-sizes 



Effect of taxonomic group: a positive and 

significant GD trend in trees, arachnids 

and insects 



The effect of ecology and life history traits 

in plants: altitudinal belts and overwintering 

(after Raunkiaer) 

Conord et al. (Ecol & Evol) in press 



Trends in genetic diversity (GD) in the 

Mediterranean 

 The W-E increase of GD is highest in trees, insects and arachnids. 

It is negative in bryophytes, gastropods and shrubs (chamaephytes). 

 The W-E increase of GD is highest in true Mediterranean plants 

than in higher elevation plants, but non significant in xerothermic 

plants 

 A significant trend of increasing GD from the Western to the 

Eastern Mediterranean in plants and animals, but not on islands. 



A significant general West-East gradient of GD in 

the Mediterranean: how can it be explained? 

Phylogenetic imprint  left over geological 

times? 

Holocene recolonization (founder effect, 

local adaptation)? 

 Local Quaternary climate (drift, local 

adaptation)? 



Mediterranean pines have a 

common (Old World) 

phylogenetic origin 

P. Peuce (and P. cembra): sub-

genus Strobus 

“True” Mediterranean  pines (+ P. 

heldreichii): section Pinus, sub-

section Pinaster 

“Mountain” Mediterranean  

pines: section Pinus, sub-

section Pinus 

Gernandt et al. (Taxon) 2005 



Mountain Mediterranean pines are younger than 

True Mediterranean pines 

“True” Mediterranean 

pines: a 96 MA-old 

Cretaceous group 

“Mountain” 

Mediterranean pines: a 

20 MA-old Oligocene 

group 

Pines : a 128 MA-old 

Eurasian group 

Eckert & Hall  (Mol Phyl Evol) 2006 



A significant general West-East gradient of GD in 

the Mediterranean: how can it be explained? 

Phylogenetic imprint  left over geological 

times? 

Holocene recolonization (founder effect, 

local adaptation)? 

 Local Quaternary climate (drift, local 

adaptation)? 



Fagus sylvatica:  

the Holocene recolonization hypothesis 

Magri et al.  (New Phytol) 2006 

Genetic diversity estimates at 8 nuclear genotypes 

in beech across Europe: recolonization from the 

Balkans and minor refugia 



Pinus halepensis:  

the Holocene recolonization hypothesis 

Grivet et al.  (New Phytol) 2009 

Genetic diversity 

estimates at 8 nuclear 

genes involved in drought 

response in Aleppo pine 

across the Mediterranean: 

recolonization and 

selection in new habitats 



A significant general West-East gradient of GD in 

the Mediterranean: how can it be explained? 

Holocene recolonization (founder effect, 

local adaptation)? 

 Definitely a sound hypothesis, but many 

routes have been described, from many 

refugia. Unlikely hypothesis over multiple 

species. 



Pinus halepensis:  

the LGM climate - genetic drift hypothesis 

A West-East LGM climate gradient 

Van Andel (Quatern. Res.) 2002 
Benito Garzon et al. 

(Ecography) 2007 

Aleppo pine habitat 

very likely in Spain at 

LGM 



Fady & Conord (Div. Distr.) 2010 

Pinus halepensis:  

the LGM climate - genetic drift hypothesis 

Genetic diversity estimates at 

isozyme loci  in Aleppo pine 

across the Mediterranean: 

genetic drift under 

unfavorable local climate 



The genetic drift hypothesis: GD xerothermic 

pines << mesothermic and mountain pines 

Within population (isozyme) genetic diversity for 3 ecological requirement classes in pines 

Fady & Conord (Div. Distr.) 2010 

He xerothermic  

pines: 0.055 

He mesothermic  

pines: 0.185 



Pinus pinea: a typical xerothermic pine with 

extremely low diversity 

Vendramin et al. (Evolution) 2007 

CpDNA variation in Pinus pinea 

populations across its range.  

Only 4 haplotypes were identified 

using 13 cpSSRs 



A significant general West-East gradient of GD in 

the Mediterranean: how can it be explained? 

Local Quaternary climate (drift, local 

adaptation)? 

A hypothesis that is sustained at multi-

species level. Low effect (Z) => many 

exceptions and species specific cases. 



2010 August 5 
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Conservation Genetics 
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Médail & Diadema (J. Biogeogr.) 2009 

Significance for conservation in the 

Mediterranean: Genetic diversity and species 

diversity cannot be surrogates of one another 

Fady & Conord (Div. & Distrib.) 2010 



Zone tampon 

In situ genetic conservation units and networks: 

the French and European strategy 



A strategy for safeguarding keystone or emblematic species against 

natural and made-made ecological catastrophies 

The goals of in situ conservation  

=> Conservation units 

must be made to 

garantee local adaptation 

under diverse selection 

pressures 

=> Networks must 

contain all the genetic 

diversity of a species 

within its entire 

distribution range 

Climate change induced Abies alba dieback 

in the French Maritime Alps 



How to correctly sample the genetic diversity of 

a species ? Considering demographic history 

ESU : Evolutionary Significant Unit (Ryder 1986) 

= group of populations deriving from a common ancestor 

(lineage) and significantly different from other lineages within the 

species 

= signature of long term evolutionary history (mt/cpDNA). 

MU : Management Unit (Moritz 1994) 

= group of populations that differs from another by significant 

differences in genetic markers (reduced gene flow) 

= signature of short term evolutionary history (nDNA ou SSRs) 



Looking for surrogates of 

adaptation: environmental 

gradients 

Looking for surrogates of adaptation: 

phenotypic / genotypic trait variability 

How to correctly sample the genetic diversity 

of a species ? Considering adaptation in 

addition to demography 

Lesica & Allendorf (1995)  

Allendorf & Luikart (2007) 



Socio-economic factors 

Genetic 
information 
(allelic 
frequencies, 
differentiation) 

Reproduction 
biology 

Behavioral biology 

Morphology 

Abiotic factors (climate, 
geography, etc) 

Habitat, community 
factors 

Network of 
conservation 

units (CU) 

From Moritz et al. 1995 

Integrating approaches for a science-based 

sustainable in situ conservation strategy 



14 regions of provenance : 

an estimator of ecological 

structuration in France  

 

=> At least 14 CUs 

(emphasizing locale 

adaptation) in France 

One example of genetic resource conservation 

network in France: Abies alba 



 

 

                                                 **************  Allemagne 1 

                                          ********              

                                   ********      **************  Suisse 3 

                                   *      *                     

                                   *      *********************  Allemagne 2 

                          **********                            

                          *        *    ***********************  France 1 

                          *        *    *                       

                          *        ******         *************  France 2 

                          *             *    ******             

                          *             ******    *************  France 3 

                          *                  *                  

                  *********                  ******************  Suisse 1 

                  *       *   

                  *       *                                     

                  *       *                     ***************  Autriche 1 

                  *       *                  ****               

                  *       *                  *  *   ***********  Autriche 2 

                  *       *                  *  *****           

                  *       ********************      ***********  Autriche 3 

                  *                          *                  

                  *                          *  ***************  Italie 1 

                  *                          ****               

                  *                             ***************  Italie 2 

                  * 

                  *      

                  *********************************************  Pyrénées 

 

An ancient common origin for western lineages 

At least 2 Quaternary western lineages (Pyrenees + Alps) => 2 ESUs 

At least 2 genetic clusters within the Alps => 2 MUs 

Fady et al. 1999 Forest Genetics. Liepelt et al. 2009 Rev. PaleoBot. Palynol.  

Abies alba 

One example of genetic resource conservation 

network in France: Abies alba 



The actual network of FGR conservation of 

Abies alba in France 

In practice, a combined approach:  

ESU + MU + ecological structure + marginal populations =  

21 CUs officially registered 

CU of Beaumont  

de Ventoux (84) – a 

marginal population 



What must a Conservation Unit guarantee? 

Management must: 

==> maintain  reproduction 

and seedling recruitment; 

==> maintain high adult 

density to avoid drift / 

inbreeding during 

reproduction; 

==> prevent unwanted gene 

flow. 

Ongoing local adaptation 

under natural selection must 

be maintained 

Quercus petraea CU in north-eastern France 



 Central zone 

> Autochthonous forest 

> 500 seed trees minimum 

> 60 seed trees/ ha 

> Natural regeneration only 

(potentially assisted using 

local seeds) 

 Buffer zone 

> No introduction of 

hybridogenous exotic 

species / populations 

> Regeneration after the 

central zone 

 

Control of game species, wild 

fire protection, monitoring, etc. 

Buffer zone 

Fagus sylvatica CU in north-eastern France 

How must a Conservation Unit be managed? A 

legally binding charter 



Abies alba: 21 CUs 

~ 3500 ha  

(160 ha / CU) 

 

F. sylvatica: 28 CUs 

~ 3950 ha  

(140 ha / CU) 

 

Pinus pinaster: 4 CUs 

~ 900 ha  

(225 ha / CU) 

 

Q. petraea: 20 CUs  

~ 2400 ha  

(120 ha / CU) 

Pin maritime  

http://agriculture.gouv.fr/conservation-des-ressources 

The French register of conservation units for 

widely occurring species 



Bucci et al. (Mol. Ecol.) 2007 

3 lineages and 8 genetic 

groups from 16 (most 

common) haplotypes at 5 

cpSSR loci (he = 0.825).  

What is done at national level can be done range-

wide: an example with Pinus pinaster 



A major political player: Euforgen 
- Created in 1994 under Forest Europe 

- Secretariat in Rome at Bioversity International 

- Promote and streamline national FGR conservation 

strategies at European level (e.g. minimum requirements 

for CUs) 

- Raise awareness on FGR conservation of forest habitat 

managers and policy makers 

In situ conservation of forest genetic resources 

(FGR): the pan-European dimension 



The EUFGIS database: 2629 CUs and 111 tree species in 31 countries. 

Each unit is managed for genetic conservation of one or more target 

tree species under a set of minimum requirements.  

In situ conservation of forest genetic resources 

(FGR): the pan-European dimension 



Genetic diversity is an important component of 

biodiversity that may not be structured as other 

components (e.g. species diversity) 

Conservation networks are based on political 

entities as legal agreements worldwide are 

ratified and implemented nationally: a problem 

for coordinated conservation in the 

Mediterranean 

'The present genetic constitution of populations 

and species carries attenuated signals of [...] 

past dynamics' (*) – Useful for the future! 

(*) Hewitt (Phil. Trans. R. Soc. Lond. B) 2004 



The genetic diversity of Mediterranean species: 

complex, in need of conservation and a good model 

for deciphering evolutionary processes!  

Thank you for your attention! 

September 9-15, 2012  - Gozo, Malta 

 

The First Gozo International BioDivMex Workshop  

Mediterranean Biodiversity, Conservation  and Sustainable Development 


