
GVZ 2026 Lecture 3

• Finish/review week 1

• Speciation

• Phylogenetic trees

• Character Evolution



• Name the species

• Designate a Holotype
– Paratypes, syntypes, lectotype, 

neotype

• Diagnose the species

• Describe the Holotype and 
variation among paratypes

• Other data
– illustrations, range map, ecology, 

phylogeny 

Species description
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GVZ Week 1
• Sources of Information

• Nichols Death of Expertise

• History of (Vertebrate) Systematics

• Species
• Concepts

• de Queiroz 1998
• species definitions we covered
• species concept vs species criteria
• pp 57-66
• “General Lineage Concept” = Evolutionary Species Concept

• Discovery and description
• Ryan et al. 2010
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• Speciation

• Phylogenetic trees

• Character Evolution



Speciation



Allopatry, Parapatry



Sympatry



Sympatry, Syntopy
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Sympatry, Syntopy



Speciation

• Lineage splitting

–dispersal 

–vicariance

• Lineage divergence

–natural selection

–drift  
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Vicariance
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Endemism



Speciation

• Lineage splitting

–dispersal 

–vicariance

• Lineage divergence

–natural selection

–drift  



Lineage divergence: Selection



Lineage divergence: Selection



Lineage divergence: Drift



Lineage divergence: Drift



Speciation in action:
a ring species
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a ring species



GVZ 2026 Lecture 3

• Phylogenetic tree structure
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Most Recent Common (shared) 
Ancestor of humans and chimps

Most Recent Common (shared) Ancestor 
of humans, chimps, and gorillas
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Chimp Human  Gorilla   Lemur   Mouse

Hard 
polytomy

Vs

Soft 
polytomy



Monophyly
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Paraphyly
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Polyphyly
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GVZ 2026 Lecture 3

• Character evolution

– Homology



Pectoral fins    Pectoral fins

Fusiform body   Fusiform body

Heart     Heart

Mitochondria   Mitochondria



Homology: Similarity inherited 
from a shared ancestor

Ancestor
with fur

Extant species with fur



Homoplasy (= analogy): Similarity not 
inherited from a shared ancestor



• Similarity

– "Gene X and gene Y are 70% homologous"

Homology: Misuses

• Focus on ontogeny as a test of 
homology

• Focus on genetic basis as a test of 
homology

• Restriction to morphological traits
• Any use that does not consider 

relationships



Homology: Misuses

OK

OK

?

No

No

No

No

OK

OK



Ancestor
with fur

Ancestor
with fur

Homology Not Homology



Pectoral fins    Pectoral fins

Fusiform body   Fusiform body

Heart     Heart

Mitochondria   Mitochondria



Apomorphy, Plesiomorphy
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Apomorphy, Plesiomorphy

Tu
rt

le
s 

C
ro

co
d

yl
ia

n
s 

B
ir

d
s

Li
za

rd
s

M
am

m
al

s 

A
m

p
h

ib
ia

n
s

Ples: No shell -> Apo: Shell
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Apo: Mandibular fenestra



Synapomorphy: A shared derived trait that changes on 
the branch leading to a group of interest
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Ples: Solid lower jaw -> 
Apo: Mandibular fenestra



Symplesiomorphy: A shared ancestral trait
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Archosauria



Homoplasy: Similarity not due to shared ancestry
Convergence: Independent evolution of similar traits
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Parental care



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



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

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





1. Dorsal, superior

2. Lateral

3. Caudal, posterior

4. Proximal

5. Distal

6. Ventral, inferior

7. Anterior, rostral, cranial



GVZ Lecture 3 Reading
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