


GVZ 2026 Lecture 4

• Character evolution (terminology)

• Phylogenetic nomenclature

• Reconstructing phylogeny

• Reconstructing ancestral states



16 Given the above phylogenetic relationships, which of the following is true?
A Stolidobranchia is equally related to Molgulidae and Appendicularia
B Stolidobranchia is more closely related to Molgulidae than to Appendicularia
C Stolidobranchia is more closely related to Appendicularia than to Molgulidae 
D Vertebrata is more closely related to Phlebobranchia than to Aplousobranchia
E More than one of the above
F none of the above



Consider this phylogenetic tree in reference to questions 15, 16, and 17.

17 Do the above evolutionary relationships conflict with those shown below? (ignore taxa 
not shared by both trees)

A Yes
B No
C Can't tell from this information



Pectoral fins    Pectoral fins

Fusiform body   Fusiform body

Heart     Heart

Mitochondria   Mitochondria



Apomorphy, Plesiomorphy
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Ples: No shell -> Apo: Shell

Ples: Solid lower jaw -> 
Apo: Mandibular fenestra



Synapomorphy: A shared derived trait that 
changes on the branch leading to a group 
of interest
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Archosauria

Ples: Solid lower jaw -> 
Apo: Mandibular fenestra



Symplesiomorphy: A shared ancestral trait
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Symplesio: Solid lower jaw -> 
Synapo: Mandibular fenestra

Archosauria



Homoplasy: Similarity not due to shared ancestry
Convergence: Independent evolution of similar 
traits
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Abandon eggs/young -> 
Parental care

Abandon eggs/young -> 
Parental care



Reversal (convergence, homoplasy): 
Re-evolution of a previously evolved trait



Evolutionary gain and loss of limbs
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Absence of limbs as…
Apomorphy, 
synapomorphy, 
Plesiomorphy, 
symplesiomorphy
Homology, 
homoplasy, 
convergence, 
reversal 

Tetrapoda

Presence of limbs 
as…
Apomorphy, 
synapomorphy, 
Plesiomorphy, 
symplesiomorphy
Homology, 
homoplasy, 
convergence, 
reversal 



• Tetrapoda =
• All species that live in North America?
• All species that burrow in the ground or 

climb trees?
• All species that evolved after 25 million 

years ago?
• All species in this list: humans, 

bananaquits, anole lizards, kingsnakes, 
American crocodiles…?

• All species with four limbs?
• All species more closely related to 

humans than to fish?

What is the basis for taxon names?
How are taxon names defined?

Phylogenetic 
nomenclature



Theria



Phylogenetic nomenclature



• Name only clades

• Define taxon names in terms of 
evolutionary relationship

Phylogenetic nomenclature
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1. Node-based ('minimum clade')
• 'The most recent common (shared) ancestor of X and Y 

and all its descendants'

Phylogenetic nomenclature



1. Node-based ('minimum clade')
• The most recent common ancestor of Crocodiles and Birds and 

all its descendants = Archosauria

Phylogenetic nomenclature
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1. Node-based ('minimum clade')
• The most recent common ancestor of Crocodiles and Birds and 

all its descendants = Archosauria

Phylogenetic nomenclature
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Archosauria

Archosauria = The smallest clade 
including both birds and crocodiles



2.   Stem/branch-based ('maximum clade')
• All species more closely related to X than to Y

Phylogenetic nomenclature

B
ir

d
s 

C
ro

co
d

yl
ia

n
s 

Tu
rt

le
s

Li
za

rd
s

 M
am

m
al

s 

A
m

p
h

ib
ia

n
s



2.   Stem/branch-based ('maximum clade')
• All species more closely related to crocodiles than to turtles 

= Archosauromorpha

Phylogenetic nomenclature
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2.   Stem/branch-based ('maximum clade')
• All species more closely related to crocodiles than 

to turtles = Archosauromorpha

Phylogenetic nomenclature
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Archosauromorpha

Archosauromorpha = The largest 
clade including both birds and 
crocodiles but not turtles



Phylogenetic nomenclature
Why two(+) kinds of names?
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• Node-based naming is 
used for groupings focused 
on extant taxa (the clade 
including the mrca of a set 
of extant forms and all its 
descendants is called a 
crown group)
• Example: The crown group 

Mammalia includes only the 
most recent common 
ancestor of all extant 
mammals and its 
descendants

Phylogenetic nomenclature
Why two(+) kinds of names?
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• Stem-based naming is used 
to include fossil forms that 
branched off before the 
crown group diversified
• Example: Synapsida includes 

not only extant mammals 
(Mammalia) but also lots of 
important 'proto-mammals' 
like Dimetrodon and 
cynodonts

Phylogenetic nomenclature
Why two(+) kinds of names?
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Phylogenetic nomenclature
vs. Linnaean system



Issue Phylogenetic 
nomenclature

Linnaean System
Comment/Problem with 
Linnaean System

Nameable groups Clades Clades and other groups 
(e.g. paraphyletic)

Which 'other groups'?

Original basis Evolution Natural theology Science does not address the 
supernatural

Phenomenon to be 
explained

Phylogeny Creator's intent No good god model

Criteria for group 
membership

Evolutionary relationship Possession of key traits Which traits?
Exceptions

Categories of names Unranked Ranked [Kingdom [Phylum 
[…species]]]

Only ~7 ranks; no 
comparabilty within ranks

Phylogenetic nomenclature
vs. Linnaean system



Compromise taxonomic systems

• Evolutionary taxonomy

– Evolution as guiding principle

– OK to name paraphyletic groups

– Use Linnaean ranked names

• Common current practice

– Name only clades

– Use Linnaean ranked names

– Define taxonomic names by pointing to clades
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Human    AACTGG...

Chimp    AAGTGT...

Gorilla  ACGGGC...

Lemur    ACGCGC...     

Phylogenetic 
Analysis
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Reconstructing phylogeny



Characters: features of organisms used 
to estimate relationships
• Character/character state examples

– Cyt B site 214/A, G, C, T

– Gene order/ABC, ACB

– Lacrimal bone/presence, absence

– Chromosome #/48, 36, 24

– Nest building/dirt, vegetation



Characters: desirable properties

• Heritable

• Independent

• Variable at an appropriate level

• Homology concerns



Human    AACTGG...

Chimp    AAGTGT...

Gorilla  ACGGGC...

Lemur    ACGCGC...     

Phylogenetic 
Analysis
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• Optimality criterion: score that indicates tree preference
• of two (or more) considered trees, which is/are 

preferrred/best/optimal?

• Tree search: algorithm to evaluate multiple trees
• Given some optimality criterion, how do we find the 

preferred/best/optimal tree(s)?
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• Optimality criterion 1: Parsimony
• Minimize number of evolutionary changes (according to 

hypothesized cost of changes)
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A       A        C         C A       C        A         C

C -> A
A-> C

C -> A

C C



• Optimality criterion 2: Distance
• Minimize branch lengths between taxa (according to model 

of evolutionary change)
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Human    ACCC 

Chimp    ACCG

Gorilla GCCT

Lemur    CTTA

Human
Chimp
Gorilla
Lemur

Human  Chimp Gorilla Lemur

0 1          2         4
 0          2         4
             0         4
        0

.5 .5   

        .5                   1           2

        1         



• Optimality criterion 3: Likelihood/Bayesian
• Maximize probability of data or probability of tree, 

assuming some model of evolutionary change
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P(AACC|          , HKY) = 0.0000021       P(AACC|         , HKY ) = 0.0000013

P(        | AACC, HKY) = 0.0071   P(        | AACC , HKY) = 0.0059
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• Tree search
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• Tree search



• Tree search

Number of taxa Number of trees

3 3

4 15

5 105

6 945

7 10 395

8 135 135

9 2 027 025

10 34 459 425

…

100 3 x 10 184 
(more than the number of atoms in the universe)





Example parsimony analysis

1. Find minimum number of changes for each character on each 
candidate tree

2. Take sum: total number of changes across all characters for each 
tree

3. Prefer tree with fewest changes



Example parsimony analysis

1 Endothermy 0/Ectothermy 1
2 Gills 0/Lungs 1
3 Paired pectoral fins Present 0/Absent 1

1 2 3

Human 0 1 1

Coelacanth 1 0 0

Dolphin 0 1 0

Lamprey 1 0 1



Example parsimony analysis

1 2 3

Human 0 1 1

Coelacanth 1 0 0

Dolphin 0 1 0

Lamprey 1 0 1

1 Endothermy 0/Ectothermy 1
2 Gills 0/Lungs 1
3 Paired pectoral fins Present 0/Absent 1

IG

OG
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1. Find minimum number of changes for each 
character on each candidate tree

1 2 3

Human 0 1 1

Coelacanth 1 0 0

Dolphin 0 1 0

Lamprey 1 0 1



H
 1

C
  0

D
  0

 
L 

 1

D
 0

C
  0

H
 1

L 
 1

H
  1

   
D

  0
C

  0
   

L 
  1

1 1 2 2

2 1 2 2

3 2 1 2

1. Find minimum number of changes for each 
character on each candidate tree

1 -> 0

1 -> 0

1 -> 0

1 -> 0

1 2 3

Human 0 1 1

Coelacanth 1 0 0

Dolphin 0 1 0

Lamprey 1 0 1

1 -> 0
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1 1 2 2

2 1 2 2

3 2 1 2

Total 4 5 6

1. Find minimum number of changes for each 
character on each candidate tree

2. Take sum: total number of changes across all 
characters for each tree

3. Prefer tree with fewest changes



• Reconstructing 
ancestral               
states
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Reconstructing ancestral states

Ancestor of reptiles
Feathers?
Scales?
Fur?
Skin?
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Reconstructing ancestral states

Ancestor of reptiles
Amniotic egg

1 If all members of clade X have 
state A, then state A is 
assumed to be the ancestral 
state for clade X
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Reconstructing ancestral states

1 If all members of clade X have 
state A, then state A is 
assumed to be the ancestral 
state for clade X

2 If some members of clade X 
have state A, then…it's 
complicated

Ancestor of reptiles
Feathers?
Scales?
Fur?
Skin?





1. Dorsal, superior

2. Lateral

3. Caudal, posterior

4. Proximal

5. Distal

6. Ventral, inferior

7. Anterior, rostral, cranial



Phylonames.org

Preface
Preamble
Division I
Division II, Chapter I
Division II, Chapter IV, Article 9



INTRODUCTION
DEFINITION AND DIAGNOSIS
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