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Syllabus for Lectures in “Evolutionary Biology”
Instructor: Prof. Axel Meyer, Ph.D. M806 (axel.meyer@uni-konstanz.de) Tel. 88-4163 or 3069
Vorlesung Grundlagen der Biologie Il (Evolution, Verhalten)
3. Semester, WS 2025/26

Wednesdays 10-11:30am in R629

Teaching assistants: Xiaomeng Tian, Simone Bordignon, Mario Scharmel-Garcia, Tim Hérmann

Tutorials:
Tuesdays: 18:45-20:15 Uhr, M630 in German
Mondays: 18:45-20:15 Uhr, M801 in English

Course web page: https://www.evolutionsbiologie-uni-konstanz.com/evolution-ws-2025261.html
Course ILIAS page: https:/filias.uni-
konstanz.de/ilias.php?baseClass=ilrepositorygui&ref id=1950740

Textbook: Futuyma and Kirkpatrick “Evolution” 3rd or 4" edition Sinauer

Tentative Class Schedule Relevant Book Chapters
Note: Changes may occur, check the course website for potential updates

October:

22 History and evidence for evolution 1,22

29 Adaptation 3,6
November:

5 Natural selection

12 Species concepts 8,9

19 Speciation, Adaptive radiation 13,19

26 Genes, genomes, and molecular evolution 4,14,7,5
December:

3 Genomics

10 Population genetics 4,5

17 Phylogenetics

January:

7 Evolution and development 16, 18

14 Gene and genome duplications

21 Sexual selection

28 Mating systems, Kin selection, & social behavior 10, 11,12
February:

4 Evolution and humans 14, 15, 17, 21

Klausuren:
Hauptklausur Monday 23.02.2026
Nachklausur Monday 23.03.2026

08:30 - 10:30Uhr
11:30 - 13:30

in R711, R712,
in R712
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The Meyer Lab

We study several fundamental issues in evolutionary biology. In
particular, the evolution of biodiversity, and specifically the genesis
of genomic, developmental and morphological diversity as well as
their evolutionary interconnections, are of interest to us. To this
end we study: morphological differentiation and its developmental
basis within a phylogenetic framework, genetic differentiation
among populations and species, and the evolution of genes and
genomes, and the evolution of novel gene functions. In an effort to
better understand the origin and maintenance of diversity we
mostly use molecular and bioinformatic approaches, to ask how
many and what kind of genetic changes accompany
morphological differentiation among populations and species.
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Symbiosis with and mimicry of corals were facilitated by immune

gene loss and body remodeling in the pygmy seahorse

Meng Qu*<4", Yingyi Zhang*><#!, joost Woltering* ®, Yall Liu**<%, Zixuan Liu**<, Shiming Wan*2<%, Han Jiang*><%, Halyan Yu*<4, Zelin Chen**<¢,

Xin Wang*2<4, Zhixin Zhang**<* @, Geng Qin**<*®, Ralf Schneider'®, Axel Meyer***$* @, and Qiang Lin**<**®
Affiliations are included on p. 11

Edited by Nancy Knowiton, Smithsonian Institution, Washington, DC; received November 18, 2024; accepted July 10, 2025

A remarkal:le example of symlslosns involves the pygmy seahorse (Hippocampus
rgibanti). It lives oblig: on gorg: corals, d\ur polyps with pink
loration and skin protub, Unique for retain juvenile
pacdomorphic stunted snouts, mscmblmg the coral’s pulyps Wc analyzed the tiny
seahorse’s genome mealmg:he genomic bases of several adap to their
life includi ductions in d ding clements that are associated

Significance

Pygmy seahorses (Hippocampus
i evolved a mutualistic
camouflaged association with

with genes in the vl:lml’) of those CNEs that are known to play a role in growth and
ed ive RNA- and ATAC-Seq analyses during

their omogeny suggest lhar lhur smmed snout might result from craniofacial remodeling
d with hoxa2b d This is consi also with findings from

in situ hybridization and CRISPR experiments. Theirimmune system shows extremely
low numbers of MHC genes and additional considerable losses of other immune-related
genes. This is likely facilitated by the host coral’s anumncrobnal metabolites and by the
carlier evolution of male p that requires i

svmbiosis | camouflage | pyemy seahorse | gene loss

gorgonian corals, mimicking its
polyps and coloration. The
genomic bases of several
adaptations to their mutualistic
life were investigated, and the
results suggested that extensive
losses of conserved noncoding
elements associated with genes.
implicated in growth contributed

baence —-
Advances

IDEI



Charles Darwin
(1809-1885)

Darwin trained to be a clergyman

Beetlemania turned him into a
naturalist

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

Young Charles Darwin
KEITH THOMSON




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

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 singleisolated island

17 species on the Galapagos Islands and one on Cocos r Pin
Island. -
"'{ Gen
< 0.5 My .
Age of the Galapagos Islands <5MY
1-2.5 My
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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



“Darwin’s” Pigeons

After IearninF 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.




23 years passed between the Beagle and the Origin of Species

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

THE ORIGIN OF SPECIES

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

lllll

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









Darwin knew (corresponded with) many farmers and animal
breeders.

From them and his own research he knew that each individual
In a popiilation is different







Darwin's Explanatory Model of Natural Selection
(Ernst Mayr 190£2005)

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) o

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)




What did the Origin of Species Emphasize?

The nonconstancy of species (species can evolve)

The descent of all organisms from common ancestors (branching evolution)
The gradualness of evolution (evolutionary changes accumulate over time)
The multiplication of species (speciation: formation of new species)

Natural selection (the mechanism of evolution)



Species are not constant: direct observation

Soapberry bugs evolve in response to invasive plant
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Species are not constant: direct observation

Darwin finches adapt to changing seed availability

In Seed Size

0 T T T
15 2 25 3 3.5

Fig. 1. Large-beaked G. fortis (A) and G. magnirostris (B) can crack or tear the woody tissues of In Beak Depth
T. cistoides mericarps (D), whereas small-beaked G. fortis (C) cannot. Five mericarps constitute a ak Dep
single fruit. In (D), the left-hand mericarp is intact. The right-hand mericarp, viewed from the other

(mesial) side, has been exploited by a finch, exposing five locules from which seeds have been

extracted. Mericarps are ~8 mm long and are shown at twice the magnification of the finches.

[Photos are by the authors]




What did the Origin of Species Emphasize?

The non-constancy of species (species can evolve)

The descent of all organisms from common ancestors (branching evolution)
The gradualness of evolution (evolutionary changes accumulate over time)

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

Natural selection (the mechanism of evolution)



Tree of life
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Tree of life

ARCHAEA
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Thermoproteus
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Bacterial tree of life (

All the eukaryotes, from humans to flowers to amoebae, fit on a s it
slender twig. Eukaryotes and Archea are ,,closely” related Archaea oo

(Hug et al. 2016, NatureMicrobiology.
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Common ancestry: homology

A Homology is similarity similarity due to the inheritance of traits
from a common ancestor.

A In contrast to homologous structures, analogous structures are
are apparently similar, but phylogenetically independent

Humerus
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Phalanges

Ulna




Common ancestry and evolutionary branching
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What did the Origin of Species Emphasize?

The non-constancy of species (species can evolve)

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

The gradualness of evolution (evolutionary changes accumulate over time)
The multiplication of species (speciation: formation of new species)

Natural selection (the mechanism of evolution)



Gradualism and common ancestry: Extinction & successio

A Relicts of past times suggest change of flora and fauna over time

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




Gradual change: transitional forms

A Major differences in extant

faunas often arose via @ﬁ?@ﬁw %Zf .

transitional forms
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Comparison of the skeleton of Archaeopteryx and a recent bird
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Wehner & Gehring (1995) Fig: 11.7



363 Earliest known
million tetrapods
years

= 2

Lobe-finned fish




Tiktaalikas a transitional form
between fish and tetrapods:

A Fish gills

A Fish scales

A Fish fins

A Intermediate limb bones and
joints

A Intermediate ear morphology

A Tetrapod rib bones

A Tetrapod mobile neck with
separate pectoral girdle

A Tetrapod lungs

8 DAL, JC

o q.h




Who are the last living lungfish?

Australian lungfish 3
(Neoceratodus forsteri) <
< Lo P

— o s ) S 3T S

African lungfish
(Protopterus annectens)

South American lungfish =

~70 MYA
T S
~200 MYA America (Lepidosiren paradoja

Australia (Neoceratodus forsteri

CLADISTICS

ISSN 0748-3007 Volume 10. Number 3 September 1994




The Australian lungfish genome
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Meyer et al. Nature 2021



The Australian lungfish genome

Article

Giant lungfish genome elucidates the
conquest ofland by vertebrates

https://doi.org/10.1038/s41586-021-03198-8  Axel Meyer'?"**, Siegfried Schloissnig>"?, Paolo Franchini'’?, Kang Du**", Joost M. Woltering'??,
Iker Irisarri®*", Wai Yee Wong°®, Sergej Nowoshilow?, Susanne Kneitz’, Akane Kawaguchi?,
Andrej Fabrizius®, Peiwen Xiong', Corentin Dechaud®, Herman P. Spaink', Jean-Nicolas Volff®,
Accepted: 6 January 2021 Oleg Simakov®™*™, Thorsten Burmester®™, Elly M. Tanaka®*"*! & Manfred Schart[>*'**

Received: 13 July 2020

Published online: 18 January 2021

A New insights on the origin of tetrapods

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

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

Australian lungfish (Neoceratodus forsteri)

Meyer et al. Nature 2021
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Fin to limb transition
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All lungfish genomes project:

Secondary reduction in fin size in African and South American Lungfi

Austrakian bnghish (Neooeratodus forsted)

‘African lungfish
(Protoptens ectens)
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Book Quiz- 3 parts

A Who is the first author on the
2021 Nature Lungfish paper?

A How many species of Darwin
Finches are there?

A How old are the Galapagos
Islands?

- Prize for first correct answer to:

axel.meyer@uni-Konstanz.de




What did the Origin of Species Emphasize?

The non-constancy of species (species can evolve)

The descent of all organisms from common ancestors (branching evolution)
The gradualness of evolution (evolutionary changes accumulate over time)
The multiplication of species (speciation: formation of new species)

Natural selection (the mechanism of evolution)



Speciation: lineage splitting in natural populations
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Speciation: lineage splitting in natural populations

Ancestral species
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CL Masaya
One species: A. cf. citrinellus
Colonization: 2,800 ya

CL Apoyo
Six species: A. astorquii,
A. chancho, A. flaveolus,

A. globosus, A. supercilius,
A. zaliosus
Colonization: 4,700 ya
First speciation event: 3,700 ya
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CL Xiloa
Four species: A. amarillo,
A. sagittae, A. viridis,
A. xiloaensis
Colonization: 4,300 ya
First speciation event: 2,700 ya
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One species: A. cf. citrinellus
Colonization: 1,800 ya
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One species: A. tolteca
Colonization: 1,200 ya
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One species: A. cf. citrinellus
Colonization: 900 ya
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One species: A. cf. citrinellus
Colonization: 800 ya

Axes of morphological diversification
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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

—a & _a _a _a _a




Truth or Misconception?

20 DIEZEIT  N&30 19, Juli2007

Das missverstandene Buch

Charles Darwins Werk tiber die Entstehung der Arten wird noch immer falsch interpretiert.
Selbst Wissenschaftler erliegen populdren Irrtiimern voN AXEL MEYER




Truth or Misconception?

Books & DVDs

1. Meyer, A. 2015, Adams Apfel und Evas Erbe
2. Meyer, A. 2011 ZEIT-Akademie: Evolution [4 DVDs of 14 Lectures on Evolution] Link

3. Meyer, A. 2008 Algenraspler, Schneckenknacker, Schuppenfresser: Axel Meyer tber den evolutionaren Erfolg der Buntbarsche
[Audiobook] Link
4. Meyer A. Bohlau 2008. Evolution ist Uberall. Gesammelte Kolumne "Quantensprung"” des Handelsblattes

5. Meyer A. & Y. Van de Peer (eds.).2003, Genome Evolution: Gene and Genome Duplications and the Origin of Novel Gene
Functions, Kluwer Academic Publishers 2003.
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Truth or Misconception? (cont.)

AEvolution is concerned with the good of the individual
AEvolution is concerned with the good of the species

ANatural selection picks organisms that are best adapted to
their environment

AHumans are better adapted than dolphins
ASurvival of the fittest: Lions are fitter than zebras
AEvolution is the creation of new species

AAn Flk with bigger antlers is fitter than the one with smaller
antlers



Big Picture

1.

2.

Evolution is the unifying concept across the biological sciences

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

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

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