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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 Hormann
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://ilias.uni-
konstanz.delilias.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 08:30 - 10:30Uhr in R711, R712,

Nachklausur Monday 23.03.2026 11:30 - 13:30 in R712



Lectures and course eVO|UT|On

FOURTH EDITION
AText book: read chapters before
class

Aln-class participation is key

ALecture slides will be provided
online

A10% of the exam questions will
from the book-> so read the
book!

DOUGLAS J. FUTUYMA

/%‘) . MARK KIRKPATRICK



Keys 1o success

ABe prepared for classgad!)

ATake notes

ABe active, participate in discussioask questions
ARegularly check the course website

ACreate a study group

ACritical thinking (not regurgitating facts)

AUse the tutorial sessions
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Dar wi ndos Mystery

Darwin's opening paragraph in The Origin of Species

seemed to
throw some light on the origin of species - that mystery of
mysteries




What is evolution?

AChange of inherited traits through
successive generations

Alnteraction between processes that
generate and eliminate variation in a
population




Evolution: fact, theory, or hypothesis?

AEvolutionisafactCl Oda FFNB GKS 62NI RC
show unequivocally that change of inherited traits
through successive generations happens.

A Evolution is a theoryTheories are structures of
Ideas that explain and interpret facts. Evolutionary
0KS2NRBR 30GSYLIWia G2 SELX I Ay (
evolution.



Why study evolution?

The unifying conceptual framework in life sciences

Gb20KAY3I Ay oAz2ft23& Yl 1Sa asy
- B Theodosius Dobzhansky (* 1900 in Nemirov)
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Historical affiliations

EN~ Grand Duchy of Lithuania 1506—1569

3 Polish—Lithuanian Commonwealth 1569-1672
Ottoman Empire 1672—1699

2 Polish-Lithuanian Commonwealth 1699-1793
pm Russian Empire 1793-1917

B kraine (Ukrainian People's Republic) 1917-
1920

Bl Soviet Ukraine 1920-1922

Bl Soviet Union 1922-1991

B kraine 1991-present

Theodosius Dobzhansky

Lewin (1997)




Why study evolution?

Applied evolutionary
biology

A Medicine (disease
management and
identification, drug
discovery, epidemiology)

A Agriculture (selective
breeding, domestication)

A Conservation (biodiversity
Inventories, climate
adaptation)

A Forensic sciences




Proximal origin of SAR®V?2

nature medicine
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Correspondence | Published: 17 March 2020

The proximal origin of SARS-CoV-2

Kristian G. Andersen E, Andrew Rambaut, W. lan Lipkin, Edward C. Holmes & Robert F. Garry

Nature Medicine 26, 450-452 (2020) | Cite this article

5.89m Accesses |2935 Citations ‘ 34993 Altmetric ‘ Metrics

To the Editor — Since the first reports of novel pneumonia (COVID-19) in Wuhan, Hubei
province, Chinal2, there has been considerable discussion on the origin of the causative virus
SARS-CoV-22 (also referred to as HCoV-19)%. Infections with SARS-CoV-2 are now widespread,
and as of 11 March 2020, 121,564 cases have been confirmed in more than 110 countries, with
4,373 deaths?.

SARS-CoV-2is the seventh coronavirus known to infect humans; SARS-CoV, MERS-CoV and
SARS-CoV-2 can cause severe disease, whereas HKUL, NL63, 0C43 and 229E are associated
with mild symptoms®, Here we review what can be deduced about the origin of SARS-CoV-2
from comparative analysis of genomic data. We offer a perspective on the notable features of
the SARS-CoV-2 genome and discuss scenarios by which they could have arisen. Our analyses
clearly show that SARS-CoV-2 is not a laboratory construct or a purposefully manipulated

virus.

Notable features of the SARS-CoV-2 genome

Our comparison of alpha- and betacoronaviruses identifies two notable genomic features of
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Fig. 1| Features of the spike protein in human SARS-CoV-2 and related coronaviruses. a, Mutations in contact residues of the SARS-CoV-2 spike protein. The
spike protein of SARS-CoV-2 (red bar at top) was aligned against the most closely related SARS-CoV-like coronaviruses and SARS-CoV itself. Key residues in
the spike protein that make contact to the ACE2 receptor are marked with blue boxes in both SARS-CoV-2 and related viruses, including SARS-CoV
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glycans are unique to SARS-CoV-2 and were not previously seen in lineage B betacoronaviruses. Sequences shown are from NCBI GenBank, accession codes
MN908947, MN996532, AY278741, KY417146 and MK211376. The pangolin coronavirus sequences are a consensus generated from SRR10168377 and
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Origin and Evolution of the SAB&V?2 virus

W About us Database Features Events Collaborations

In Focus

16 million hCoV-19 sequences shared: Where do surveillance efforts
stand?

After mixed efforts in 2020, followed by a massive explosion of Omicron data generated
by late 2021 from 215 countries and territories, the number of unique submitting
countries, and hence, representativeness of global surveillance, today remains at early
2021 levels, and well above 2020 levels.

While the US, UK, and Germany contributed an outsized share in 2022, it is worth
pointing out that increasing representation of diverse regions over time, and the
timeliness of submissions are far more critical to ensure new variants are detected in
real-time. The recent timely discovery of BA.2.86 and EG.5.1 are examples

of continued effectiveness so far.




Origin and Evolution of the SAB&V?2 virus
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Origin and Evolution of the SAB&V?2 virus

nature > articles > article

Article | Open access | Published: 03 February 2020

A new coronavirus associated with human respiratory
disease in China

Fan Wu, Su Zhao, Bin Yu, Yan-Mei Chen, Wen Wang, Zhi-Gang Song, Yi Hu, Zhao-Wu Tao, Jun-Hua

Tian, Yuan-Yuan Pei, Ming-Li Yuan, Yu-Ling Zhang, Fa-Hui Dai, Yi Liu, Qi-Min Wang, Jiao-Jiao Zheng,

Lin Xu, Edward C. Holmes & Yong-Zhen Zhang [}

Nature 579, 265-269 (2020) | Cite this article

652k Accesses | 6925 Citations | 3237 Altmetric | Metrics

@ An Author Correction to this article was published on 02 April 2020

© This article has been updated

Abstract

Emerging infectious diseases, such as severe acute respiratory syndrome (SARS) and Zika
virus disease, present a major threat to public health2-3, Despite intense research efforts,
how, when and where new diseases appear are still a source of considerable uncertainty. A
severe respiratory disease was recently reported in Wuhan, Hubei province, China. As of 25
January 2020, at least 1,975 cases had been reported since the first patient was hospitalized on
12 December 2019. Epidemiological investigations have suggested that the outbreak was
associated with a seafood market in Wuhan. Here we study a single patient who was a worker
at the market and who was admitted to the Central Hospital of Wuhan on 26 December 2019
while experiencing a severe respiratory syndrome that included fever, dizziness and a cough.
Metagenomic RNA sequencing? of a sample of bronchoalveolar lavage fluid from the patient
identified a new RNA virus strain from the family Coronaviridae, which is designated here
‘WH-Human I’ coronavirus (and has also been referred to as 2019-nCoV'). Phylogenetic
analysis of the complete viral genome (29,9203 nucleotides) revealed that the virus was most
closely related (89.1% nucleotide similarity) to a group of SARS-like coronaviruses (genus
Betacoronavirus, subgenus Sarbecovirus) that had previously been found in bats in China®.
This outbreak highlights the ongoing ability of viral spill-over from animals to cause severe
disease in humans.

Fig. 2: Maximum likelihood phylogenetic trees of nucleotide sequences of the ORFIa,
ORF1b, Eand M genes of WHCV and related coronaviruses.

From: A new coronavirus associated with human respiratory disease in China
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Ivory poaching and the rapid evolution of tusklessness
in African elephants

SHANE C. CAMPBELL-STATON @ , BRIAN J. ARNOLD, DOMINIQUE GONCALVES, PETTER GRANLI @ ,JOYCE POOLE @,RVANA LONG @,AND ROBERT M. PRINGLE @

Authors Info & Affiliations

SCIENCE - 22 0ct2021 - Vol 374, Issue 6566 - pp.483-487 - DOI: 10.1126/science.abe7389
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Proximate and ultimate levels of explanation and exploration

Two objects of explanation

FOUR AREAS OF
BIOLOGY: istorical Single form
FOUR QU ESTIONS A sequence that results The trait at
in the trait one slice in time
Proximate Ontogeny Mechanism

Explains how organisms
work by describing their
mechanisms and their
ontogeny

Q: How does the trait develop in
individuals?

A: Description of the trait’s forms at
sequential life stages, and the
mechanisms that control
development.

Q: What is the structure of the trait;
how does it work?

A: Description of the trait’s anatomy,
physiology, regulation, and how the
trait works to accomplish
a function.

Evolutionary
Explains how a species came
to its current form by
describing a sequence of
forms, and how they were
influenced by selection and
other evolutionary

factors.

Two kinds of explanations

Phylogeny

Q: What is the phylogenetic history
of the trait?

A: Description of the history of the trait
as reconstructed from its phenotype
and genotype precursors

Gl 2o

Q: How have variations in the trait
interacted with environments to
influence fitness in ways that help to
explain the trait’s form?

A: Description of how variations in the
trait have influenced fitness




Ernst Mayr (1904 i 2005) in Kempten am Bodensee
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ON

THE ORIGIN OF SPECIES
Charles Darwin

BY MEANS OF NATURAL SELECTION,

OoR T™HR

FRESERVATION OF FAVOURED RACES IN TUE BTRUGOLRE
FOR LIFE.,

By CHARLES DARWIN, M.A.,

FRELLON OF TR BOY AL

v OBOLOGUICAL, LINN EAN, KT NOOTRTTIRS |
AUTIION OF ' JOURNAL OF BECEARCHES DURING It, M, &, DEAGLE'D VOYAGK
BOCHD THR WORLD"

LONDON:
JOHN MURRAY, ALBEMARLE STR
1850,

The riphl of Prmalation (4 ressrvad




An evolving view of the world

Four factors limited the development of the theory of evolution

1. The concept of fixity of species

2. Lack of knowledge on the age of the Earth

3. Lack of a scientific method

4. Notion of separate creation for humans and animals (religion)



Caricature of Charles Darwin




An evolving view of the world
Plato (427347 BC)

Saw variations in plant and animal
populations as imperfect
representations of ideal forms

Only the perfect forms of organisms
were real: idealism, essentialism
philosophy




An evolving view of the world
Aristotle (384-322BC)

scalanaturae, the "Natural Ladder"
according to which the entire
natural world could be arranged in
a single continuum

Thescalanaturaeor & D NB |
2F . SAy3A¢ FAOL AY
hierarchical order of pre
Enlightenment society



An evolving view of the world
Carolus Linnaeus (1/Q778)

Swedish physician and botanist: father of
taxonomy

He believed that species were permanent
creations,

GD2R ONXI (iSaz [AYyYyl Sdz

Wanted to organize the scale of nature for the
glory of god

Important contribution to Evolution: Increased
greatly the appreciation of the diversity and
distribution of organisms



An evolving view of the world

Four factors limited the development of the theory of evolution

1. The concept of fixity of species

2. Lack of knowledge on the age of the Earth

3. Lack of a scientific method

4. Notion of separate creation for humans and animals



An evolving view of the world

Emerging ideas and research in thé"Ehd 19" centuries facilitated the
development of evolutionary theory



An evolving view of the world

Emerging ideas and research in thé"Ehd 19" centuries facilitated the
development of evolutionary theory

Paleontology as a field of research demonstrated the extinction of speci




An evolving view of the world

Emerging ideas and research in thé"Ehd 19" centuries facilitated the
development of evolutionary theory

The geological concept dhiformitarianism (same natural forces act now
that have always been acting) suggested that the world must be old anc
shaped slowly by gradual processes (Lyell and Hutton)




An evolving view of the world

Emerging ideas and research in thé"Ehd 19" centuries facilitated the
development of evolutionary theory

Populations do not grow infinitely and seem to be regulated by resource
(Malthus)

Exponential Growth Logistic Growth

Carrying capacity

b - —— -

Population size
Population size

Time Time




An essay on the principle of population (1798 to 1826, 6 editions
(1776 to 1834)

Thomas Robert Malthus fami ne, disease

Dangers of
population growth

e vl

That the increase of population is necessarily
limited by the means of subsistence,

that population does invariably increase when
the means of subsistence increase, and,

that the superior power of population is
repressed, and the actual population kept equal
to the means of subsistence, by misery and vice




Reproductive potential

Reproductive potential

This table gives the number of offspring that a single individual (or pair of individuals, for
sexual species) can produce under optimal conditions, assuming that all progeny survive
to breed, over various time intervals. Darwin picked the elephant for his calculations be-

cause it was the slowest breeder then known among animals.

Citation

Organism Reproductive potential
Aphis fabae (an aphid) 524 billion in one vear
Elephant ' 19 million 1n 750 vears
Housefly 191 > 10"™ in S months
Mycophila speveri (a fly that 20,000/square foot. in 35 days
feeds on mushrooms)

Staphylococcus aureus cells would cover the Earth
(a bacterium) 7 ft deep in 48 hours

Starfish 10" in 16 _\.c;ir,\”'

*107 is the estimated number of electrons in the visible universe.

Gould 1977
Darwin 1859
Keeton 1972

Gould 1977

Audesirk and
Audesirk 1993

Dodson 1960

Freeman & Herron (1998)
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Box 7.1 Low Fertility of the Large Albatrosses (Diomedea)

Characteristi Albatross
Number of eggs 1

.‘\.gt at ﬁrxt rcprmim f1on /-9 Vvears

Sexual cycle ) vears Oor more
Life expectancy Fstimated to be

Most birds

2-10 plus

| year or less

| year or less

Mostly less than
2 years

60 years or more




W O rl dl S ol d e St kn own wil d twh:s:;: ::\:talleI;:ttr;;::, the world's oldest known wild bird, has had a chick at
bird has another Chick at age The Laysan albatross hatched the chick on 1 February in a wildlife refuge in

the North Pacific Ocean, the US Fish and Wildlife Service (USFWS) has said.

Of 70 Laysan albatrosses usually only live for 12-40 years. But Wisdom was first
identified by researchers in 1956.

® 5 March 2021 o . o
The father is Wisdom's partner, Akeakamai, who she has been with since 2012,

US wildlife officials said.

Albatrosses usually mate for life, but it is believed Wisdom had other partners
in the past that she outlived.

JON BRACK/FRIENDS OF MIDWAY ATOLL NWR §

/ ( BTN

JON BRACK/FRIENDS OF MIDWAY ATOLL NWR

| Albatrosses mate for life and share parenting duties

The USFWS believes she has had at least 30 to 36 chicks in her lifetime.
Albatrosses only hatch one egg every few years.
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*  POPULATION CONTROL OR
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THE
POPULATION
BOMB

WHILE YOU ARZ READING TEESE WORDS
FOUR FEOPLE WILL MAVE DIED FROM
STARVATION, MOST OF TREM CHILDREN,
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