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definiton

- Studying mechanisms influencing geographical distribution 

of genealogies

- Historical, phylogenetic component of spatial distribution of 

genealogies

+
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Variation related to phenotypic plasticity, age, sexual

dimorphism, ecotypes, etc. – role of genetics in studying

variation and range history



molecular biology

phenotype

often studied directly

proximate mechanisms

focused to extreme phenotypes 

(loss of function)

genetic variability and genotype

simple approach to variation

(wild type / mutant etc.)

molecular evolution

phenotype

seldom studied directly

genetic variability and genotype

complex approach to variability

mechanisms of its origin and 

maintenance

complicated mathematical appratus



Divergences among 

species

Large genetic distances among 

samples

Easy to find well supported tree

trees – phylogenies

Tree topology important for 

hypothesis formulations

Nodes represent speciation 

events

0.02 

divergences within 

species (phylogeography)

Small genetic distances among 

samples

Difficult to find well supported 

tree

trees – genealogies

Tree topology less important for 

hypothesis formulations

Nodes represent coalescent 

events

0.02 



properties of mtDNA

small, compact, clonal, stable (two 

mitochondrial membranes, more copies), high 

mutation rate – high intraspecific variation -

haplotypes, particular regions exhibit different 

mutation rate, lack of recomgination, 

matrilinear

mtDNA  x nDNA

exceptions: recombination, heteroplazmy, 

paternal leakage
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mtDNA

nonreticulate genealogy

x 

nucDNA

anastomose genealogy

Avise, 2000





maize 

mtDNA

cca 550 000 

bp

plant mtDNA – high rate of rearrangements, slow sequence evolution
(ca 100x lower mutation rate compared to animal mtDNA)



coalescent theory

aerosols physics tree shape genealogies shape



hierarchic levels of multiplication
- ontogeny (descent by mitosis) – tokogeny (descent by reproduction)

– phylogeny (descent by speciation) -



hierarchic levels of multiplication
- ontogeny (descent by mitosis) – tokogeny (descent by reproduction)

– phylogeny (descent by speciation) -



Wiley 2011

hierarchic levels of multiplication
- ontogeny (descent by mitosis) – tokogeny (descent by reproduction)

– phylogeny (descent by speciation) -



coalescent theory

provides the link between phylogenetic models utilizing tree

graphs and the background mechanisms of population genetics.

Enables to model sources of gene-tree / species-tree

incongruences that arise due to population level processes, and

make estimates about demographic parameters and interpret

the shape of genealogies.



Assumptions – neutral model:

Finite constant population size – coalescent time depends upon 4N

non-overlapping generations

random mating

no mutations

no selection

without population structure









mitochondrial Eve

(mitochondrial mrca 

– most recent common ancestor)

Brown et al. (1980) – small divergence in mtDNA in recent 

populations of Homo sapiens (p=0.0036) – divergence 180 – 360 000 

years, bottleneck (Garden of Eden, Noah’s Ark)

Cann et al. (1987) – hypothesis out of Africa



Y-chromosome Adam
(Y-chromosome mrca)



molecular demography
skyline plots









molecular clock

Brown and Wright, 1975 – parthenogenetic lizards

Brown et al., 1979 – primates

calibration: 2% between taxa per 106 years

1% per lineage per 106 years



nDNA

methodological complications – diploid (problems with haplotype 

isolation in heterozygotes, gene families – crossamplifications

biological properties – relatively slow evolution, recombinations



Avise, 2000



landscape genetics
maximum difference Monmonier algorithm



The Womble approach





Whittaker and Fernández-Palacios 2010

examples of divergent evolution in isolation - islands

Allopatry and divergence



insular evolution – proximate mechanisms

genetics of small isolated populations

neutral processes – often connected with demographic 

changes (bottlenecks) during island colonization, sudden 

speciation scenarios

- founder effect (Mayr 1954) – partial transfer of ancestral 

polymorphism in course of colonization event

- founder-flush model (Carson 1968) – founder effect 

followed by population expansion with reduced selection

- transilience model (Templeton 1980) – rapid shift to 

different peak in adaptive landscape during short period of 

inbreeding following colonization event, without substantial 

reduction of genetic variability



- genetic drift



isolation by distance





flow



Eco-evolutionary problems 

connected with islands:

natural selection, adaptive radiation - Charles Darwin, A.R. Wallace

insular model of population structure – Sewall Wright

allopatric speciation, founder effect – Ernst Mayr

small population paradigm in conservation biology – Graeme Caughley

metapopulation – Ilka Hanski, Michael Gilpin

taxon cycle – Edward O. Wilson

community assembly rules – Jared Diamond

Island biogeography theory, r - K strategy – Robert MacArthur, E.O. 

Wilson



Mediterranean



maquis

matorral

chaparral

fynbos
mallee

kwongan



Mediterranean basin – biodiversity hotspot



Ice ages
since Pliocene epoch, 2.56 Mya



periglacial steppe



Traditional paradigm of European phylogeography

• Glaciations pushed temperate components of interglacial
communities into the south

• Owing to geomorphology of southern Europe, they
survived in Mediterranean refuges (with divergent
evolution and possible allopatric speciation)

• Recent (interglacial) northern ranges are outcome of
postglacial recolonization from mediterranean refugia

• In case of secondary contacts of allopatrically evolved
lineages (suture zones) – situation reflecting degree of
evolution of reproductive isolating mechanisms
(reinforcement, hybrid zones, introgression)

• cf. distribution of European sister taxa

Role of glaciations in distribution of 

genealogical lineages and speciation







Sympatry and hybridization

hybrid – descendant of mating between heterospecifics

integrade – descendant of mating between conspecifics

- Definition depends upon species concept used. Recently ususally 

general term for descendant of mating between different lineages



backcrossing

introgression



introgression – exchange of genes between two species 

mediated via hybridization and backcrossing

two possible directions

In later generations of unidirectional backcrossing the proportion of 

latter genome decreases (mtDNA capture, ghost of hybrid past) 

different intensity in different loci – islands of genomic 

differentiation



hybrid fitness

hybrid inferiority – incompatibilities of chromosomes, disruption 

of epistatic equilibria etc.

hybridní superiority – novel gene combinations, exchange of 

adaptive loci between taxa, hybrid speciation

Example: Salvelinus – sterile F1 hybrids, Balaenoptera – fertile 

F1 hybrids



hybrid zones

Region (linear structure) of contact of genetically unique lineages 

(species) with production of hybrids. Various composition (A, B, F1, 

F2, F1A, F1B etc.). Various shape, dynamic in time. 

linear mosaic

Often on secondary contacts of 

allopatrically evolved lineages



hybrid speciation

homoploid x allopolyploid



examples

Erinaceus europaeus

E. concolor s.l. (recently E. roumanicus + E. concolor)



Santucci et al., 1998





E1

E2

E3

C1

C2

Seddon et al., 2001



Fagus sylvatica (Magri et al., 2006)











Rull 2009

microrefugia x cryptic refugia



Types of refugia

Bennet and Provan 2008

Diagrammatic representation of selected species responses to glacial–interglacial climatic changes, in

terms of distribution and abundance. Distributions (except where otherwise indicated): blue, glacial;

red, interglacial. (a) Classical refugia. (b) Cryptic refugia. Distributions: pale blue, glacial (low

abundance, not necessarily continuous). (c, d) Altitudinal shift. Purple: continuous. (e) Tropical refugia.

Early-Holocene refugia have a similar pattern, but within the Holocene. (f) Interglacial refugia. (g)

Stepwise expansions through successive glacial–interglacial oscillations. Four stages indicated: blue,

to light blue, to pink, to red. (h) Stasis, with separated populations. Purple: continuous. (i) Separated

into two disjunct populations by ancient vicariance, each of which expands after the LGM. (j)

Speciation from one LGM species (blue) into multiple Holocene species (other colours).



Dryas octopetala



Skrede et al., 2006



inverse dynamics of refugia

Stewart et al. 2009

Schematic map showing some types of

refugia for Europe and western Asia.

Interglacial refugia for cold-adapted species

are shown in blue, glacial refugia for

temperate species in red. Long-term refugia,

indicated by dark blue/red, are a subset of all

refugia that are inhabited throughout at least

one full glacial/interglacial cycle. The areas

shown in paler colour are refugia in the

sense that they are inhabited during the

contraction phase, but are not inhabited

during the expansion phase owing to the

spread of ice sheets during glacials (cold-

adapted species), or excessive temperatures

and/or too high aridity during interglacials

(temperate species). Also shown, in yellow,

are interglacial refugia along the

oceanic/continental gradient, with a

continental refugium in the east and cryptic

refugia further west. The ice sheet for the

Last Glacial Maximum is taken from Ehlers &

Gibbard (2004). The diagram is schematic;

not all of the refugia would have been

occupied simultaneously, but the ranges are

based on real examples.


