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Gastraea-Theory (Ernst Haeckel): 
Monophyly of the Metazoa

Placozoa Porifera Cnidaria





Urbilateria





Protostomia - Deuterostomia





Ontogeny contra   Phylogeny

• Ontogeny (an individual‘s development): 
Development of an individual organism 
from a fertilized egg cell.

• Phylogeny (evolutionary history): 
Change of the appearence of organismic lineages 
over many generations, which equals Evolution.



Haekel‘s biogenetic law

• Ernst Haeckel (1834 – 1919), 1866:

• Darwinist

• Multicellular organisms recapitulate during their 
ontogeny their phylogeny in a shortened form. 

• wrong in ist original version. 





von  Baer‘s  Laws

• Carl Ernst von Baer, 1828:

• The general features of a large group of animals 
appear earlier in development than do the specialized 
features of a smaller group.

• Less general characters develop from the more 
general until finally the most specialized appear.

• The embryo of a given species, instead of passing 
through the adult stages of lower animals, departs 
more and more from them.

• Therefore, the early embryo of a higher animal is 
never like a lower animal, but only like its early 
embryo.





Ontogeny creates Phylogeny

• Walter Garstang (1868-1949), 1922:

• Phylogeny is the result of heritable 
changes in Ontogeny.
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Phylotypic Stage of Arthropods



Germband 
Elongation Stage



Metamerization

Segment 
Specification: 

Regionalisation



Life long continuation of 
spatial expression pattern of 

the segment polarity gene
engrailed
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Evolution of
Homeotic Selector Genes

Shockwave:
Evolution of Homeotic Selector Genes





































Changes in the number of Hox genes or Hox gene complexes
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Mechanisms for Evolution through Development

• Modularity

• Dissociation of Modules: 
- Heterochrony (Neoteny) 
- Allometry

• Gene Duplication and Divergence

• Changes in cis-regulatory elements

• Co-option

• Macroevolution versus Microevolution



• Gilbert, Developmental Biology, 
8th edition, 2006. Sinauer Associates, Sunderland. 
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• Gilbert (englisch), Developmental Biology, 
9th edition, 2010. Sinauer Associates, Sunderland. 
www.devbio.com

Ecological Developmental Biology



Ecological Developmental Biology

• Gilbert and Epel, Ecological Developmental Biology, 
2009. Sinauer Associates, Sunderland.
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Environmental Regulation of Animal Development
Phenotypic Plasticity 

Specific Genotype can Generate More Than One Phenotype

• Reaction Norms

• Polyphenism
- Density induced
- Seasonal
- Nutritional
- Predator-induced

• Environmental Adaptability – Evolutionary Adaptability 
Selection for Evolvability
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Environmental Regulation of Animal Development
Phenotypic Plasticity 

Specific Genotype can Generate More Than One Phenotype

• Reaction Norms

• Polyphenism
- Density induced
- Seasonal
- Nutritional
- Predator-induced

• Environmental Adaptability – Evolutionary Adaptability 
Selection for Evolvability

• Epigenetic Inheritance Systems – The Ghost of Lamarck



Distinction between Germ Cells 
and Somatic Cells
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During the course you will compare the embryonic expression 
pattern of selected Hox genes in three different arthropod 
species: 

Drosophila melanogaster (Vinegar Fly) 
Tribolium castaneum (Red Flour Beetle) 
Achaearanea tepidariorum (Common House Spider)
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