
Lectures 14-16 (preliminary program) room 6602

6.xi.   Tue    history, phylogenetic trees
8.xi.   Thu parsimony, Wagner algorithm
9.xi.   Fri homology, homoplasy

12.xi. Mon characters, indices describing trees
13.xi. Tue     optimization
15.xi. Thu monophyly, consensus & compromise
16.xi. Fri tree search algorithms

19.xi.  Mon evaluating results
20.xi.  Tue    fossils & missing information
22.xi.  Thu optimality criteria & classification
23.xi.  Fri applications

PBIO-162 ESSENTIAL CLADISTICS

Computer demonstrations 14-16
infocenter room 138

26.xi.  Mon Cladistic Primer
27.xi.  Tue mesquite
29.xi.  Thu winclada+nona
30.xi.  Fri winclada+TreeBase

3.xii.  Mon TNT
4.xii.  Tue   TNT +independent exercise

FINAL EXAM      

Fri 7.xii. or 21.xii.

3-5 ECTS

1 ECTS 
attendance 
required

independent exercise due 
by 31.xii.2018  1 ECTS



6.xi.

1. introduction, history

2. trees

3. summary

SOUND basic principles
nuts & bolts of 
phylogenetic analysis



TAXONOMY 

nomenclature
CLASSIFICATION of organisms

description

systematics

enables our navigation in the ocean 
of biodiversity
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botany.cz © Emilio Pini



www.sccf.org

Micrurus fulvius





www.europeana.eu





www.linnaeus.uu.se/online/index-en.html

God created, 
Linnaeus classified



”Sexual” system 

- artificial       

- convenient





www.iapt-taxon.org/nomen/main.php



frenchsculpture.org

… meanwhile in France
Georges Louis Leclerc 1707-1788

Comte de Buffon

- director of the Royal Botanical
Garden in Paris

- Histoire naturelle, générale et 
particulière 1749-1804

- opposed Linné´s classification as 
artificial

Jardin de Roi

Buffon's point …. the species …. are not the abstract universals of logic of 
the taxonomists but are rather systems of concrete relationship between
real creatures at the level of physical truth.

Sloan, P.R. 1976. The Buffon-Linnaeus controversy.
Isis 67: 356-375



Jean-Baptiste de Lamarck

- 1st broad theory of evolution
- inheritance of acquired characters
- theory disproved but stimulated

large no. of later studies



… the time will come I believe, though I shall not live to 
see it, when we shall have fairly true genealogical 
(phylogenetic) trees of each great kingdom of nature…

CHARLES DARWIN  1857

letter to Thomas Huxley



CHARLES DARWIN  1859

On the origin of species by means of natural selection

DESCENT WITH MODIFICATION

Alfred Russell 
Wallace



Darwin, C. 1859. The origin of species by means of natural selection, 
or the preservation of favoured races in the struggle for life. John Murray, London. 



Ernst Haeckel, Jena, 1866



E. A. Vainio 1880:

...Descendensi-teorian kannalta ei systematiikin tehtäväksi enään
tule järjestää organismia niin että ne, joilla on enimmin yhtäläisyyt-
tä, tulevat rinnatusten, tai niin että vasta-alkavainen vähimmällä 
vaivalla saapi selkoa eli yleisen katsahduksen niistä; sen 
tehtäväksi tulee etsiä niiden geneetillistä yhteyttä, -- se muuttuu,
toisilla sanoilla, genealogiaksi….

EVOLUTIONARY HISTORY

however, in practical terms, Darwin´s
revolutionary ideas did NOT alter contemporary
classifications much – simply a novel explanation
for groups distinguished





INDIVIDUALS

POPULATIONS

SPECIES

PHYLOGENY
Maddison&Maddison MacClade



from evolutionary process >
traces of evolution

process > pattern

EXTREME scale difference
10-100 a  > 10 ka - 100 ka - 100 Ma

EVOLUTIONARY HISTORY



CLADISTIC REVOLUTION

CLEAR, EXPLICIT & 
LOGICAL presentation of 
basic principles of 
phylogenetic analysis

SYNAPOMORPHY
MONOPHYLY

Hennig, W. 1950. Grundzüge einer Theorie der phylogenetischen
systematik

Hennig, W. 1966. Phylogenetic systematics

Emil Hans WILLI HENNIG  
*20.4.1913  †5.11.1976

PARAPHYLY



Hennig´s (1965) 3 primary questions:
1. What is phylogeny? 
2. How is it established?
3. How to describe it explicitly?

and his 3 precise answers:
1. Phylogeny is GENEALOGICAL relationship where 

two taxa are more closely related to each other than 
they are to a third one

2. Relationships are established by SYNAPOMORPHIES
3. Relationships can be presented using branching 

diagrams (=cladograms)

Emil Hans WILLI HENNIG  
*20.4.1913  †5.11.1976

http://rapinidep1.webs.com/origin/Hennig_1965.pdf



www.cladistics.org/willi-hennig/

www.cladistics.org/

HENNIG
XXXIX

HELSINKI*2020



Willman, R. 2003. From Haeckel to Hennig: the early development of 
phylogenetics in German-speaking Europe. Cladistics 19: 449-479

Emil Hans WILLI HENNIG  
*20.4.1913  †5.11.1976

Lars Brundin 1907-1993



Risto Tuomikoski 1911-1989

www.luomus.fi/fi/suomalaiset-sammaltutkijat





SYNAPOMORPHY



A         B           C         D         E
0 a BP
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SYNAPOMORPHY
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40 Ma BP
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a          b     cde

40 Ma BP



A         B           C         D         E
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40 Ma BP







(SYN)APOMORPHY = (shared) evolutionary      
NOVELTY

PLESIOMORPHY = OLD, inherited character state

always RELATIVE concepts

ALL apomorphies become plesiomorphies

ALL plesiomorphies have been apomorphies

attention should always be paid 
at the level of observation



Hennig´s (1965) 3 primary questions:
1. What is phylogeny? 
2. How is it established?
3. How to describe it explicitly?

and his 3 precise answers:
1. Phylogeny is GENEALOGICAL relationship where 2 

taxa are more closely related to each other than 
they are to a 3rd one

2. Relationships are established by SYNAPOMORPHIES
3. Relationships can be presented using branching 

diagrams (=cladograms)

Emil Hans WILLI HENNIG  
*20.4.1913  †5.11.1976



TREES used to  present & 
summarize phylogenetic 
hypotheses



ALL organisms share common ancestor

hypotheses about evolutionary history can presented as 
phylogenetic trees

descent with modification

SUMMARY

only SYNAPOMORPHIES inform about history


