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Speciation

Where and how do new species arise?

Obviously, the answer to this question depends on how 

one defines species.  

In the DEF: biological species concept (BSC based on 

Erst Mayr and Theodosius Dobzhansky), speciation is 

the attainment of reproductive isolation (RI) , whereas 

in the ecological species concept, it is the occupation 

of distinctive ecological niches.  



Speciation: geography and genetics

Two approaches are usually taken to the study of 

speciation: the (1) geographic and (2) genetic 

approaches.   

The geographic approach emphasizes the different 

geographic contexts involved in speciation (e.g., does 

speciation occur while the two nascent species are found 

in the same place, or are they separated geographically?).  

The genetic approach focuses more mechanistically on 

what genetic processes are involved in the differentiation 

of gene pools to produce different species. 



Geographical and genetic modes of speciation





The level of prezygotic or postzygotic reproductive isolation between 
pairs of populations and species of Drosophila, plotted against genetic 

distance (D)



The level of prezygotic or postzygotic reproductive isolation between 
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distance (D)



The level of prezygotic isolation among allopatric and sympatric pairs of 
Drosophila populations, plotted against genetic distance (D)



The level of prezygotic isolation among allopatric and sympatric pairs of 
Drosophila populations, plotted against genetic distance (D)



Gene interactions that cause sterility or inviability in hybrids 
between species

Dobzhansky -Muller model of 

hybrid incompatibility



Gene interactions that cause sterility or inviability in hybrids 
between species









Stabilizing Directional Disruptive

Types of natural selection



Darwin über natürliche Selektion

òIt may be said that  natural  selection  is 
daily  and hourly  scrutinising,  throughout  the
world,  every  variation,  even the  slightest ; 
rejecting  that  which is bad, preserving  and 
adding up all that  is good; silently  and 
insensibly  working, whenever and wherever  
opportunity  offers,  at  the  improvement  
of  each organic being in relation  to  its  organic
 and inorganic conditions  of  life .ó

                                       -The Origin of Species 

Die Evolution kann in zwei große Kategorien eingeteilt werden:

(1) ñMikroevolutionò - die Evolution von Adaptationen durch natürliche Selektion

(2) ñMakroevolutionò - die Entstehung neuer Arten

 
Was ist die Rolle der natürlichen Selektion in der Speziation? Sie könnte eine Brücke 

zwischen Mikro- und Makroevolution schlagen, wenn sie denn zur Artbildung beiträgt.







Quick tour on the history of thoughts on speciation
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Geographic Models of Speciation
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Geographic Models of Speciation



Variation among paradise-kingfishers in New Guinea 
and peripatric speciation (fast, founder effect, selection, etc.) (Ernst Mayr 1954)



Hawaii Drosophila



Geographic Models of Speciation





Geographic Models of Speciation



Parapatric evolution of reproductive isolation over a very short distance in the grass 
species Anthoxanthum odoratum



Genetic differentiation between Rhagoletis pomonella flies collected from 
hawthorn and apple hosts at several sites over a latitudinal transect



Sympatrische Artbildung im Midas Cichliden Artenkomplex in Nicaragua

Wilson, Noack & Meyer, Proc. R. Soc. (2000) 
Barluenga & Meyer, Molecular Ecology  (2004)



Amphilophus from Nicaragua : A highly polymorphic cichlid species complex

Meyer J. Zool. (1990) & Biol. J. Linn. Soc. (1990) 

Sympatrische Artbildung im Midas Cichliden Artenkomplex in Nicaragua



Klingenberg, Barluenga and Meyer (2003) Evolution

Morphometrische Analysen des Midas-Cichliden Artenkomplexes 

Landmarks used in the study of the lower pharyngeal 
jaw shape

Sympatrische Artbildung im Midas Cichliden Artenkomplex in Nicaragua



zaliosus

labiatus

Sympatrische Artbildung im Midas Cichliden Artenkomplex in Nicaragua



(Coyne & Orr, Speciation 2004)

i) A setting where allopatry is unlikely                    

(remote oceanic islands, hosts for parasites or small crater lakes)

ii) Sister species with sympatric distribution

iii) Sister species forming a monophyletic group           

(nuclear and mtDNA evidence)

iv) Sister species reproductively isolated

How could Sympatric Speciation be proved?Sympatrische Artbildung im Midas Cichliden Artenkomplex in Nicaragua

Das Problem der sympatrischen Artbildung



Barluenga, Stölting, Salzburger, Muschick & Meyer Nature  (2006)

Sympatrische Artbildung im Midas Cichliden Artenkomplex in Nicaragua



MtDNA analysis of the Midas Cichlid species complex (control region 840 bp)

Wilson, Noack & Meyer, Proc. R. Soc. (2000) 
Barluenga & Meyer, Molecular Ecology  (2004)

Sympatrische Artbildung im Midas Cichliden Artenkomplex in Nicaragua



Kratersee Apoyo - < 23.000 years old

- no inflows, not connections to other bodies of water

- up to 200 meters deep

- small size (ca. 20 km2)

- impoverished fauna (six species of fish)
- oligotrophic

Sympatrische Artbildung im Midas Cichliden Artenkomplex in Nicaragua



Barluenga, Stölting, Salzburger, Muschick & Meyer (2006) Nature
Klingenberg, Barluenga & Meyer (2003) Evolution

Sympatrische Artbildung im Midas Cichliden Artenkomplex in Nicaragua

Ökomorphologie: Das beiden Arten unterscheiden sich



Benthic species ( A. citrinellus )
 in shallow zone

Limnetic species ( A. zaliosus)
in open water

Sympatrische Artbildung im Midas Cichliden Artenkomplex in Nicaragua

Ökologie: Die beiden Arten haben unterschiedliche Habtatpräferenzen



Barluenga, Stölting, Salzburger, Muschick & Meyer (2006) Nature

Sympatrische Artbildung im Midas Cichliden Artenkomplex in Nicaragua

Ökomorphologie: Unterschiede der Arten im Schlundkiefer und Mageninhalt



Unrooted haplotype network based on 729 m itochondrial control region

DNA sequences (840 bp)

A coalescence-based mitochondrial mismatch ana lysis
of A. citrinellus from Crater Lake Apoyo uncovers a
demographic expansion about 2 mutations ago

Mitochondrial mismatch analysis of A. zaliosus

suggesting an ongoing demographic expansion

Three-dimensional representation of a factorial correspondence analysis based on
microsatellite genotypes from A. zaliosus (red), A. citrinellus in Lake Apoyo (yellow), and
A. citrinellus in other lakes in Nicaragua (blue)

Barluenga, Stölting, Salzburger, Muschick & Meyer (2006) Nature

Sympatrische Artbildung im Midas Cichliden Artenkomplex in Nicaragua

Genetische Marker: Das beiden Arten unterscheiden sich



Nuclear marke r phylogenies.  a, Microsatellite based population tree calculated w ith

CONTML applying a Brownian motion approximation. b, Microsatellite based population
tree calculated with POPULATIONS applying the Cavalli-Sforza and Edwards method.

Numbers above the branches a re bootstrap values (10,000 replicates). c, Neighbor-

joining phylogeny based on AFLP data. All nuclear markers clearly support the

monophyly of the Lake Apoyo Midas Cichlids. The A rrow Cichlid (A. zaliosus) is derived
from Lake Apoyoôs Midas Cichlid (A. citrinellus) fauna rendering the ancestral species A.

citrinellus paraphyletic

Barluenga, Stölting, Salzburger, Muschick & Meyer (2006) Nature

Sympatrische Artbildung im Midas Cichliden Artenkomplex in Nicaragua

Genetische Marker: Das beiden Arten unterscheiden sich



Bayesian population assi gnment test.  The population assignment test with the

software STRUCTURE based on 10 microsatellite loci uncovered three distinct populations
(red A. zaliosus, yellow A. citrinellus in Crater Lake Apoyo, and blue A. citrinellus from

Lake Nicaragua)

Sympatrische Artbildung im Midas Cichliden Artenkomplex in Nicaragua

Genetische Marker: Das beiden Arten paaren sich nicht mit einander



(Coyne & Orr, Speciation 2004)

i) A setting where allopatry is unlikely                                         

ii) Sister species with sympatric distribution                            

iii) Sister species forming a monophyletic group            

iv) Sister species reproductively isolated

The Crater Lake Apoyo in Nicaragua is very small and isolated

Two cichlids species, A. citrinellus  and A. zaliosus, are 
sympatrically  distributed in Crater Lake Apoyo

A. citrinellus  and A. zaliosus  form a monophyletic group based on 
mitochondrial data, and have a unique AFLP and microsatellite 
fingerprint

Genetic evidence of reproductive isolation, plus, field and lab 
evidence of assortative mating and behavioral premating 
isolation

Sympatrische Artbildung im Midas Cichliden Artenkomplex in Nicaragua

Eine neue Art ist durch sympatrische Artbildung entstanden
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