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Salamander Evolution 
and Diversity

Todd W. Pierson
WFS 433/533

26 January 2017

Source: Todd Pierson

1. Describe the global 
evolutionary and 
ecological diversity of  
salamanders and 
caecilians.

2. Describe major patterns 
in salamander evolution.

Source: Todd Pierson

“The caecilians, members of  the amphibian 
Order Gymnophiona, are the least known 
Order of  tetrapods…”

Zhang and Wake (2009)

Source: Todd Pierson
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Order Gymnophiona (205 species)
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Dermophiidae
Siphonopidae
Indotyphlidae
Typhlonectidae
Caecilidae
Chikilidae
Herpelidae
Scolecomorphidae
Ichthyophiidae
Rhinatrematidae

Phylogenies presented here are adapted from Pough et al.’s Herpetology (4th Edition), which summarized data from Loader et al. (2007), Roelants et al. (2007), San Mauro et 
al. (2009, 2012, 2014), Zhang and Wake (2009), Pyron and Wiens (2011), Wilkinson et al. (2011), and Kamei et al. (2012). All maps are derived from distribution data provided 
by the IUCN and plotted using the package ‘letsR’ in R. All photos not by TWP are available under Creative Commons licenses.

Data from AmphibiaWeb
23 January 2017
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Caeciliidae

Chikilidae

Dermophiidae

Herpelidae

Ichthyophiidae

Indotyphlidae

Rhinatrematidae

Scolecomorphidae

Siphonopidae

Typhlonectidae

Family Ichthyophiidae (57 species)
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Dermophiidae
Siphonopidae
Indotyphlidae
Typhlonectidae
Caecilidae
Chikilidae
Herpelidae
Scolecomorphidae
Ichthyophiidae
Rhinatrematidae

Source: Flickr user Ajith U

Data from AmphibiaWeb
23 January 2017
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Family Caeciliidae (42 species)
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Dermophiidae
Siphonopidae
Indotyphlidae
Typhlonectidae
Caecilidae
Chikilidae
Herpelidae
Scolecomorphidae
Ichthyophiidae
Rhinatrematidae

Source: Brian Gratwicke

Data from AmphibiaWeb
23 January 2017

“I would like to point out to you, 
however, that Herpetology offers 
fields more in need of  investigation 
than the snakes, viz., the 
salamanders.”

Leonhard Stejneger, as quoted by Emmett Reid Dunn (1920)

Source: Todd Pierson

Order Caudata (695 species)

Caudata
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Hynobiidae
Cryptobranchidae
Sirenidae
Salamandridae

Ambystomatidae
Proteidae

Rhyacotritonidae
Plethodontidae

Amphiumidae

Data from AmphibiaWeb
23 January 2017

Phylogenies presented here are adapted from Pough et al.’s Herpetology (4th Edition), which summarized data from Loader et al. (2007), Roelants et al. (2007), San Mauro et 
al. (2009, 2012, 2014), Zhang and Wake (2009), Pyron and Wiens (2011), Wilkinson et al. (2011), and Kamei et al. (2012). All maps are derived from distribution data provided 
by the IUCN and plotted using the package ‘letsR’ in R. All photos not by TWP are available under Creative Commons licenses.
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Hynobiidae
Cryptobranchidae
Sirenidae
Salamandridae

Ambystomatidae
Proteidae

Rhyacotritonidae
Plethodontidae

Amphiumidae

Family Ambystomatidae (32 + 4 species)
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Data from AmphibiaWeb
23 January 2017

Source: Todd Pierson Source: Todd Pierson

Hynobiidae
Cryptobranchidae
Sirenidae
Salamandridae

Ambystomatidae
Proteidae

Rhyacotritonidae
Plethodontidae

Amphiumidae

Family Amphiumidae (3 species)
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Data from AmphibiaWeb
23 January 2017

Source: Todd Pierson Source: Todd Pierson

Hynobiidae
Cryptobranchidae
Sirenidae
Salamandridae

Ambystomatidae
Proteidae

Rhyacotritonidae
Plethodontidae

Amphiumidae

Family Cryptobranchidae (3 species)
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Data from AmphibiaWeb
23 January 2017

Source: Todd Pierson Source: Todd Pierson
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Hynobiidae
Cryptobranchidae
Sirenidae
Salamandridae

Ambystomatidae
Proteidae

Rhyacotritonidae
Plethodontidae

Amphiumidae

Family Hynobiidae (66 species)
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Data from AmphibiaWeb
23 January 2017

Source: Todd Pierson Source: Todd Pierson

Hynobiidae
Cryptobranchidae
Sirenidae
Salamandridae

Ambystomatidae
Proteidae

Rhyacotritonidae
Plethodontidae

Amphiumidae

Family Proteidae (6 species)
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Source: Matthijs Hollanders

Data from AmphibiaWeb
23 January 2017

Source: Todd Pierson

Hynobiidae
Cryptobranchidae
Sirenidae
Salamandridae

Ambystomatidae
Proteidae

Rhyacotritonidae
Plethodontidae

Amphiumidae

Family Rhyacotritonidae (4 species)
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Data from AmphibiaWeb
23 January 2017

Source: Todd Pierson Source: Todd Pierson
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Hynobiidae
Cryptobranchidae
Sirenidae
Salamandridae

Ambystomatidae
Proteidae

Rhyacotritonidae
Plethodontidae

Amphiumidae

Family Salamandridae (115 species)
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Data from AmphibiaWeb
23 January 2017

Source: Todd Pierson Source: Todd Pierson

Hynobiidae
Cryptobranchidae
Sirenidae
Salamandridae

Ambystomatidae
Proteidae

Rhyacotritonidae
Plethodontidae

Amphiumidae

Family Sirenidae (4 species)
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Data from AmphibiaWeb
23 January 2017

Source: Todd Pierson Source: Todd Pierson

Hynobiidae
Cryptobranchidae
Sirenidae
Salamandridae

Ambystomatidae
Proteidae

Rhyacotritonidae
Plethodontidae

Amphiumidae

Family Plethodontidae (458 species)
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Data from AmphibiaWeb
23 January 2017

Source: Todd Pierson Source: Todd Pierson
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Hemidactylinae

Plethodontinae

Phylogeny presented is reflective of Shen et al. (2015), but uncertainty remains as to the relationships between groups with Plethodontidae.

Plethodontinae

Spelerpinae

Hemidactylium

Bolitoglossini

Batrachoseps

Spelerpinae

Source: Todd Pierson
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Hemidactylium

Source: Todd Pierson

Bolitoglossini

Source: Todd Pierson

Source: Todd Pierson

Source: Todd Pierson

Source: H. Brad Shaffer
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Batrachoseps

Source: Todd Pierson

Hemidactylinae

Plethodon

Karsenia

Ensatina

Hydromantes

Aneides

Phaeognathus

Desmognathus

Plethodon

Source: Todd Pierson
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Ensatina

Source: Todd Pierson

Hydromantes

Source: Todd Pierson

Aneides

Source: Todd Pierson
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Phaeognathus

Source: Todd Pierson

Desmognathus

Source: Todd Pierson

Karsenia

Source: Todd Pierson
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Source: Todd Pierson

Plethodon

Karsenia

Ensatina

Hydromantes

Aneides

Phaeognathus

Desmognathus

Spelerpinae

Hemidactylium

Bolitoglossini

Batrachoseps

Plethodon

Karsenia

Ensatina

Hydromantes

Aneides

Phaeognathus

Desmognathus

Spelerpinae

Hemidactylium

Bolitoglossini

Batrachoseps
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Plethodon

Karsenia

Ensatina

Hydromantes

Aneides

Phaeognathus

Desmognathus

Spelerpinae

Hemidactylium

Bolitoglossini

Batrachoseps

Plethodon

Karsenia

Ensatina

Hydromantes

Aneides

Phaeognathus

Desmognathus

Spelerpinae

Hemidactylium

Bolitoglossini

Batrachoseps

Plethodon

Karsenia

Ensatina

Hydromantes

Aneides

Phaeognathus

Desmognathus

Spelerpinae

Hemidactylium

Bolitoglossini

Batrachoseps

With respect to all of  
Plethodontidae, 

direct development 
is an example of:

A. Homoplasy
B. Synapomorphy

C. Paraphyly
D. Paedomorphy
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Plethodon

Karsenia

Ensatina

Hydromantes

Aneides

Phaeognathus

Desmognathus

Spelerpinae

Hemidactylium

Bolitoglossini

Batrachoseps

With respect to just 
Plethodontinae, 

direct development 
is an example of:

A. Synapomorphy
B. Symplesiomorphy

C. Homoplasy
D. Monophyly

Plethodon

Karsenia

Ensatina

Hydromantes

Aneides

Phaeognathus

Desmognathus

Spelerpinae

Hemidactylium

Bolitoglossini

Batrachoseps

Plethodon

Karsenia

Ensatina

Hydromantes

Aneides

Phaeognathus

Desmognathus

Spelerpinae

Hemidactylium

Bolitoglossini

Batrachoseps
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Shen et al. 2015

66 mya

Shen et al. 2015

Shen et al. 2015
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Shen et al. 2015

Lombard and Wake 1986 Wake et al. 2015

Unique synapomorphies vs. homoplastic characters/homoplastic events

[Slide adapted from David Wake]

1. Describe the global 
evolutionary and 
ecological diversity of  
salamanders and 
caecilians.

2. Describe major patterns 
in salamander evolution.

Source: Todd Pierson
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questions?

Source: Todd Pierson


