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Background 

Use museum specimens 

of rodents with modified 

hind-limb digits to 

illustrate adaptation, 

convergent evolution, 

functional morphology, 

and phylogenetic 

principles 



Background 

Introduce students to 

online resources  

 

Make connections 

between morphology, 

genetics, evolution & 

ecology/behavior 



Rodents as a Case Study : Diversity 



Rodents as a Case Study: Phylogenetics 

• Known 

phylogeny 

 

• Available 

genetic 

data 

 

Faber et al. 2012 



Rodents as a Case Study: Digit Loss 



Rodents as a Case Study: Digit Loss 

Blanga-Kanfi et al. 2009 



The Activity 

• Step 1: Record morphologic data from 
museum specimens 

• Step 2: Make a morphology-based phylogeny 

• Step 3: Make a genetic phylogeny using 

GenBank data 

• Step 4: Compare the ecology/behavior of 
focal species using GBIF & ADW. 



Step 1: Data Collection 
• Go to the collections (or photos) to survey 

the focal species & record data 

Genus 5 digits 4 digits 3 digits 

Chinchilla 

Dipodomys 

Jaculus 

Notmoys 

Pedetes 

Dolichotis 

Dasyprocta 

Sciuridae 

Lepus 



Step 1: Data Collection 
• Go to the collections (or photos) to survey 

the focal species & record data 

Genus 5 digits 4 digits 3 digits 

Chinchilla 

Dipodomys 

Jaculus 

Notmoys 

Pedetes 

Dolichotis 

Dasyprocta 

Sciuridae 

Lepus 



Chinchilla 

Non- weight-bearing 



Genus 5 digits 4 digits 3 digits 

Chinchilla 

Dipodomys 

Jaculus 

Notmoys 

Pedetes 

Dolichotis 

Dasyprocta 

Sciuridae 

Lepus 

Step 1: Data Collection 

      0   0   1 



Genus 5 digits 4 digits 3 digits 

Chinchilla 

Dipodomys 

Jaculus 

Notmoys 

Pedetes 

Dolichotis 

Dasyprocta 
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      0   0   1 



Dipodomys 

Non- weight-bearing 



Step 1: Data Collection 

Genus 5 digits 4 digits 3 digits 

Chinchilla 

Dipodomys 

Jaculus 

Notmoys 

Pedetes 

Dolichotis 

Dasyprocta 

Sciuridae 

Lepus 

       0      0     1 

 0      1       0 



Step 1: Data Collection 

Genus 5 digits 4 digits 3 digits 

Chinchilla 

Dipodomys 

Jaculus 

Notmoys 

Pedetes 

Dolichotis 
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Sciuridae 
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Jaculus 



Step 1: Data Collection 

Genus 5 digits 4 digits 3 digits 

Chinchilla 

Dipodomys 

Jaculus 

Notmoys 

Pedetes 

Dolichotis 

Dasyprocta 

Sciuridae 

Lepus 

 0   0    1 

 0      1      0 

 0      0          1 



Step 1: Data Collection 

Genus 5 digits 4 digits 3 digits 

Chinchilla 

Dipodomys 

Jaculus 

Notmoys 

Pedetes 

Dolichotis 

Dasyprocta 

Sciuridae 

Lepus 

 0   0    1 

 0      1      0 

 0      0          1 

 0   1          0 

 0   1    0 

 0   0    1 

 0   0    1 

 1   0    0 

 0   0    1  



Step 2: Morphological Phylogeny 

• Make a phylogeny based on the traits 

Genus 5 digits 4 digits 3 digits 

Chinchilla 0 0 1 

Dipodomys 0 1 0 

Jaculus 0 0 1 

Notmoys 0 1 0 

Pedetes 0 1 0 

Dolichotis 0 0 1 

Dasyprocta 0 0 1 

Sciuridae 1 0 0 

Lepus 0 0 1 



Step 2: Morphological Phylogeny 

Genus 5 digits 4 digits 3 digits 

Chinchilla 0 0 1 

Dipodomys 0 1 0 

Jaculus 0 0 1 

Notmoys 0 1 0 

Pedetes 0 1 0 

Dolichotis 0 0 1 

Dasyprocta 0 0 1 

Sciuridae 1 0 0 

Lepus 0 0 1 

Baculum 2 upper 
incisors 

4 upper 
incisors 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

0 1 1 

Clues about out-groups 

• Make a phylogeny based on the traits 



Step 2: Morphological Phylogeny 

Genus 5 digits 4 digits 3 digits 

Chinchilla 0 0 1 

Dipodomys 0 1 0 

Jaculus 0 0 1 

Notmoys 0 1 0 

Pedetes 0 1 0 
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Lepus 0 0 1 

Baculum 2 upper 
incisors 

4 upper 
incisors 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

0 0 1 



Step 2: Morphological Phylogeny 



Step 2: Morphological Phylogeny 

Genus 5 digits 4 digits 3 digits 
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incisors 
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incisors 
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1 1 0 
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1 1 0 
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0 0 1 



Step 2: Morphological Phylogeny 



Step 2: Morphological Phylogeny 

Genus 5 digits 4 digits 3 digits 

Chinchilla 0 0 1 

Dipodomys 0 1 0 

Jaculus 0 0 1 

Notmoys 0 1 0 

Pedetes 0 1 0 

Dolichotis 0 0 1 

Dasyprocta 0 0 1 

Sciuridae 1 0 0 

Lepus 0 0 1 

Baculum 2 upper 
incisors 

4 upper 
incisors 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

0 0 1 



4 toes 

Step 2: Morphological Phylogeny 



Step 2: Morphological Phylogeny 

Genus 5 digits 4 digits 3 digits 

Chinchilla 0 0 1 

Dipodomys 0 1 0 

Jaculus 0 0 1 

Notmoys 0 1 0 

Pedetes 0 1 0 

Dolichotis 0 0 1 

Dasyprocta 0 0 1 

Sciuridae 1 0 0 

Lepus 0 0 1 

Baculum 2 upper 
incisors 

4 upper 
incisors 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

0 0 1 



4 toes 5 toes 

Step 2: Morphological Phylogeny 

Unresolved phylogeny 

with polytomies if using 

morphology alone 



Step 3: Genetic Phylogeny 
• Make a phylogeny using GenBank & 

Geneious.  Compare to morphological 

phylogeny and to advanced, updated 

nuclear phylogeny 



Step 3: GenBank 



Step 3: GenBank 



Step 3: Geneious Multiple Alignment 



Step 3: Geneious Tree 



Step 3: Nuclear & mt Tree 

Genbank cytochrome-B 11 mt and nuclear genes ML 

phylogeny (Fabre et al. 2012) 



Step 3: Nuclear & mt Tree 



Step 3: Address Convergence 

• Multiple origins 

 

• Why would this trait have evolved multiple 

times – how is it adaptive? 



Step 4: Ecological Connections 

• How does toe loss make these animals 

better adapted to their habitats?  

 

• What ecological/behavioral traits may 

explain digit loss in these genera?   



Step 4: GBIF 

gbif.org 



Step 4: GBIF 

gbif.org 



Step 4: Animal Diversity Web 

animaldiversity.ummz.umich.edu 



Step 4: Animal Diversity Web 

animaldiversity.ummz.umich.edu 



Step 4: Ecological Connections 
Genus Habitat Place Movement 

Chinchilla grassland/savanna 

mountains 

W. S.America saltatorial 

Dipodomys desert/dune 

grassland/savanna 

chaparal 

W. N.America saltatorial 

Jaculus desert/dune N. Africa saltatorial 

Notmoys desert/dune 

grassland/savanna 

Australia saltatorial 

Pedetes desert/dune 

grassland/savanna 

S. Africa saltatorial 

Dolichotis desert/dune 

grassland/savanna 

scrub forest 

S.America cursorial/saltatorial 

Dasyprocta various C./S. America cursorial/saltatorial 



Step 4: Ecological Connections 

• Functional 

morphology: toe 

loss for better 

running/jumping

?  These 

motions adaptive 

in desert 

grasslands? 



Future Directions 

• Other groups 

with digit 

modification 

• Genetics of digit 

modification 

• Connection to 

human health 

• Biomechanics 

 



Museums & Education 

•   

 



QUESTIO

NS 



END 



TTH background info/to do list 

• Kim Cooper (HU) toe loss 

• Go to collection, select subset of rodents with toe-loss 
(include some homoplasy, also an outgroup?), take photos of 
feet (or use online photos?).  Be selective 

• Students will use photos (or actual specimens).  They will look 
at which animals have lost digits, which digits are lost, etc. 
Using this information only they will make a phylogeny 

• Then they will go to genbank and use cytochrome B 
sequences to find out the true phylogeny.   Compare the 2 
phylogenies, learn about homoplasy 

• Then they can go to GBIF or animal diversity web to find out 
about where these animals live (mainly desert) and form 
hypotheses about this adaptation’s functional role 

• Make a final evo-devo link?  A human impacts link? 

 



SUBORDER INFRAO

RDER 

FAMILY SUBFAMILY GENUS SPECIES COMMON 

NAME 

# 

TOES 

HYSTRICOM

ORPHA 

Ctenodactylida

e 

Ctenodactylus Gundi 4 

HYSTRICOM

ORPHA 

 

Pedetidae Pedetes Spring hare 4 

HYSTRICOM

ORPHA 

 

HYSTRIC

OGNATHI 

Chinchillidae Chinchilla Chinchilla 3 

HYSTRICOM

ORPHA 

 

HYSTRIC

OGNATHI 

Dasyproctidae Dasyprocta Agouti 3 

HYSTRICOM

ORPHA 

 

HYSTRIC

OGNATHI 

Caviidae Dolichotis Patagonian hare 3 

MYOMORPH

A 

Muridae Murinae Notomys Hopping mice 

MYOMORPH

A 

Dipodidae Allactaga 

Jaculus 

Zapus 

Napeozapus 

hotsoni, elater 

jaculus, 

blanfordi 

Jerboa 

Jerboa 

Jumping mice 

Jumping mice 

5 (2 

sm) 

3 

5 

5 

CASTORIMO

RPHA 

Heteromyidae Dipodomyina

e 

Dipodomys 

Microdipodop

s 

Kangaroo rats 

Kangaroo mice 

4-5 

? 

CASTORIMO

RPHA 

Heteromyidae Heteromyina

e 

Heteromys 

Liomys 

Spiny pocket 

mice 

5? 

CASTORIMO

RPHA 

Heteromyidae Perognathina

e 

Chaetodipus 

Perognathus 

Pocket mice 5? 



Pedetidae (spring hare) 

Dipodidae (Jerboa) 

Muridae (Notomys) 

Dasyproctidae (agouti) 

Lepus (4) 

Squirrel (5) 

Heteromyidae (Dipodomys) 

Chinchillidae 

Caviidae (mara/Patagonian hare) 

FINAL 
 


