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Charles Darwin 
(1809 – 1885) 

Darwin trained to be a clergyman 

Beetlemania turned him into a 
naturalist 

Got a position as a naturalist on a 5 
year voyage when he was only 22 
years old



Voyage of the Beagle: 27 December 1831 to 2 October 1836



Galápagos Islands and ”Darwin’s” Finches

Remarkable diversity of beak forms that appear to fit 
their ecological role

Geographic variation within and between species

During the survey voyage of HMS Beagle, Darwin was 
actually unaware of the significance of the birds of the 
Galápagos.

John Gould a famous ornithologist back in England told 
him there were many species that were all in the same 
taxonomic group, ~relatively closely related.

Made Darwin realize things could become different on 
a single isolated island

17 species on the Galapagos Islands and one on Cocos 
Island. 

Age of the Galapagos Islands <5MY



Developed ideas about evolution for the next 20 years after the 
voyage on the HMS Beagle at home in Down House in Kent.

Did not recognize what he was seeing at first on the

Galapagos Islands



After learning about groups like the finches in the 
Galapagos Islands, Darwin bred pigeons to try and 
test his ideas.

Darwin found he could choose which traits were 
desirable in pigeons by breeding two pigeons with 
similar traits 

Darwin did not know of Gregor Mendel’s work on 
peas but realized traits must be inherited (“blending 
inheritance”).

Darwin’s work with pigeons and other domesticated 
animals led him to hypothesize that artificial 
selection and natural selection functioned the same 
way:  traits that were desirable could give individuals 
an advantage in surviving and thereby the potential 
to pass down the desirable traits to their offspring.

”Darwin’s” Pigeons



He set about collecting facts to bolster his 
hypothesis of evolution via natural selection. He 
wanted to be undoubtedly and irrefutably correct

He was afraid of the reaction of the 
“establishment” church and science to the 
obvious materialistic implications that human 
reason and morality arose from man’s biology 
and instincts

Maybe it would have taken longer if Alfred Russel 
Wallace had not written to Darwin with the basic 
outline of a theory of Natural Selection

23 years passed between the Beagle and the Origin of Species







All populations have variationDarwin knew (corresponded with) many farmers and animal 

breeders. 

From them and his own research he knew that each individual 

in a population is different.



Dogs cover a huge volume of skull 
morphospace.



Fact 1: Every population has such high fertility that its size would increase 
exponentially if not constrained. (Source: Paley and Malthus)

Fact 2: The size of populations, except for temporary annual fluctuations, 
remains stable over time (observed steady-state stability). (Source: universal 
observation)

Fact 3: The resources available to every species are limited. (Source: 
observation, reinforced by Malthus)

Inference 1: There is intense competition (struggle of existence) among 
members of a species. (Source: Malthus)

Fact 4: No two individuals of a population are exactly the same (population 
thinking). (Source: animal breeders and taxonomists)

Inference 2: Individuals of a population differ from each other in the 
probability of survival (i.e., natural selection). (Source: Darwin)

Fact 5: Many of the differences among individuals of a population are, at least in 
part, heritable. (Source: animal breeders)

Inference 3: Natural selection, continued over many generations, results in 
evolution. (Source: Darwin)

Darwin's Explanatory Model of Natural Selection
(Ernst Mayr 1904-2005)



What did the Origin of Species Emphasize?

1. The non-constancy of species (species can evolve)

2.  The descent of all organisms from common ancestors (branching evolution) 

3. The gradualness of evolution (evolutionary changes accumulate over time)

4. The multiplication of species (speciation: formation of new species)

5. Natural selection (the mechanism of evolution) 



Species are not constant: direct observation

Soapberry bugs evolve in response to invasive plant



Darwin finches adapt to changing seed availability

Species are not constant: direct observation



What did the Origin of Species Emphasize?

1. The non-constancy of species (species can evolve)

2.  The descent of all organisms from common ancestors (branching evolution) 

3. The gradualness of evolution (evolutionary changes accumulate over time)

4. The multiplication of species (speciation: formation of new species)

5. Natural selection (the mechanism of evolution) 



Tree of life



Tree of life



Bacterial tree of life (2016)

All the eukaryotes, from humans to flowers to amoebae, fit on a 
slender twig. Eukaryotes and Archea are „closely“ related
(Hug et al. 2016, Nature Microbiology).



Common ancestry: homology

ÅHomology is similarity similarity due to the inheritance of traits 
from a common ancestor.
ÅIn contrast to homologous structures, analogous structures are 

are apparently similar, but phylogenetically independent



Common ancestry and evolutionary branching



What did the Origin of Species Emphasize?

1. The non-constancy of species (species can evolve)

2.  The descent of all organisms from common ancestors (branching evolution) 

3. The gradualness of evolution (evolutionary changes accumulate over time)

4. The multiplication of species (speciation: formation of new species)

5. Natural selection (the mechanism of evolution) 



Gradualism and common ancestry: Extinction & succession

ÅRelicts of past times suggest change of flora and fauna over time

ÅCorrespondence between fossils and living forms at the same 
locale (law of succession)



Gradual change: transitional forms

ÅMajor differences in extant 
faunas often arose via 
transitional forms

ÅPredictive tests of 
evolutionary hypotheses







Tiktaalik as a transitional form 
between fish and tetrapods:

ÅFish gills

ÅFish scales

ÅFish fins

ÅIntermediate limb bones and 
joints

ÅIntermediate ear morphology

ÅTetrapod rib bones

ÅTetrapod mobile neck with 
separate pectoral girdle

ÅTetrapod lungs



Who are the last living lungfish?

~200 MYA

~70 MYA

Africa (Protopterus, 4 spp.)

America (Lepidosiren paradoxa)

Australia (Neoceratodus forsteri)



The Australian lungfish genome

Meyer et al. Nature 2021



The Australian lungfish genome

Å New insights on the origin of tetrapods
Å Transition from life in water to life on land required a number of 

adaptations at different biological levels: (limbs, posture, 
prevention of desiccation, nitrogen excretion, respiration, olfaction)

Å What are the genomic mechanisms that allowed the lungfish
genome to expand?

Å Do large species‘ genomes expand in the same way (parallel 
mechanisms)?

Meyer et al. Nature 2021



The water-land transition 
Morphological (pre-) adaptations: how did the tetrapod “hand” originate during sarcopterygian evolution? 

Joost Woltering

Woltering et al. 2020 Science Advances



Fin to limb transition
Developmental-genetic origin of the autopod (hand) in lungfish - Hoxd13 

Regulatory preadaptation of lobed fin and hoxd gene regulation

Meyer et al. Nature 2021



All lungfish genomes project:
Secondary reduction in fin size in African and South American Lungfishes

Shh pathway (loss of shh from ZPA)
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Book Quiz: - 3 parts

ÅWho is the first author on the 
2021 Nature Lungfish paper?

ÅHow many species of Darwin 
Finches are there?

ÅHow old are the Galapagos 
Islands?

- Prize for first correct answer to: 

axel.meyer@uni-Konstanz.de



What did the Origin of Species Emphasize?

1. The non-constancy of species (species can evolve)

2.  The descent of all organisms from common ancestors (branching evolution) 

3. The gradualness of evolution (evolutionary changes accumulate over time)

4. The multiplication of species (speciation: formation of new species)

5. Natural selection (the mechanism of evolution) 



Speciation: lineage splitting in natural populations

In many natural populations, different stages along the speciation 
continuum can be observed.



Speciation: lineage splitting in natural populations

In many natural populations, different stages along the speciation continuum can be observed.

Kautt et al. Nature 2020



Truth or Misconception?

¶Evolution has a plan for us
¶Humans are the pinnacle of evolution
¶Species evolve by choice
¶Humans have finished evolving
¶Natural selection causes changes in an organism
¶Changes in your physical character's an individual’s 

life will be passed on to your offspring



Truth or Misconception?



Truth or Misconception?



Truth or Misconception? (cont.) 

ÅEvolution is concerned with the good of the individual
ÅEvolution is concerned with the good of the species
ÅNatural selection picks organisms that are best adapted to 

their environment
ÅHumans are better adapted than dolphins
ÅSurvival of the fittest: Lions are fitter than zebras
ÅEvolution is the creation of new species
ÅAn Elk with bigger antlers is fitter than the one with smaller 

antlers



1. Evolution is the unifying concept across the biological sciences

2. Evolution is a fact and a scientific theory, it is observable and 
testable

3. Darwin’s theory of evolution revolutionized the Western worldview 
by tying together emerging themes from different fields

4. There is abundant evidence for the major components of Darwin’s 
theory of evolution

Big Picture
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