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… or 
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was replaced by bullshit 
in evolutionary time



Equid diversity and evolution























Large herbivore diversity in deep time: Perissodactyls



Large herbivore diversity in deep time: Perissodactyls



Large herbivore diversity in deep time: Perissodactyls

Chalicotheres



Large herbivore diversity in deep time: Perissodactyls

Brontotheres Chalicotheres



Large herbivore diversity in deep time: Perissodactyls

Brontotheres Chalicotheres



Large herbivore diversity in deep time: Perissodactyls

Brontotheres Chalicotheres



Large herbivore diversity in deep time: Perissodactyls



Large herbivore diversity in deep time: Perissodactyls



Large herbivore diversity in deep time: Perissodactyls

Brontotheres Chalicotheres



Large herbivore diversity in deep time: Perissodactyls

Brontotheres Chalicotheres

































What led to the decline of equid diversity ?



































≈ 16 species

Large herbivore diversity in deep time: hoofed mammals



≈ 16 species > 300 species

Large herbivore diversity in deep time: hoofed mammals



What are possible reasons for an 
evolutionary advantage of ruminants ?
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Differences in digestive physiology between 
equids and ruminants: 

digestive efficiency and intake
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Differences in digestive efficiency ?

from Clauss et al. (2009; data from Foose 1982)

Ruminants achieve higher digestive efficiencies
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Differences in digestive physiology between 
equids and ruminants: 

a historical myth ?
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Journal of Animal 
Science 1965 24: 834-843
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Differences in digestive physiology between 
equids and ruminants: 

selective particle retention
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In ruminants, large particles are selectively 
retained in the rumen.
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Selective particle retention

from Lechner et al. (2010)

In ruminants, large particles are selectively 
retained in the rumen.

In equids, there is no net selective retention by 
particle size.
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Differences in digestive physiology between 
equids and ruminants: 

chewing efficiency
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https://www.sciencedaily.com/releases/2011/04/110404151341.htm

Equids: masters of complex enamel folding
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… but ruminants have evolved 
the more efficient system
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Summary

1. The evolutionary decline in equid diversity has been linked to 
‘disadvantages’ compared to bovid/cervid ruminants

2. Digestive efficiency is prominent among these disadvantages

3. Equids do not have a proven tolerance for lower-quality forage and no 
size-discriminating retention mechanism

4. The most distinct feature of both equids and ruminants is the relatively 
high chewing efficiency within their respective orders

5. The ruminant approach to achieving a high chewing efficiency is more 
efficient (and conveys additional advantages)



… so maybe the most intriguing question is not 
“why have equids largely disappeared?” 



… so maybe the most intriguing question is not 
“why have equids largely disappeared?” 

… but 
“why have some equid species survived?”
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for your attention











Kaiser and Fortelius (2003)





Adapted to abrasive diets
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Wild equids in captivity

Similar as in grazing ruminants, few health problems related to 
nutrition in captive wild equids (because zoo diets are typically 
more forage dominated?)

- Incidents of dental abnormalities

- Hoof overgrowth/laminitis

- Obesity
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from Stevens & Hume (1995)
hypothesis by Clauss & Hummel (2008)

Phosphorus is 
supplied 
directly to 
microbes via 
saliva

P
In order to 
guarantee 
phosphorus
availability in 
the hindgut, 
calcium is 
actively 
absorbed 
from ingesta 
and excreted 
via urine

Ca

Other differences: Calcium digestibility



Why equids?

Other perissodactyls survive in body size ranges 
beyond the ruminant range (rhinos) or in absence of 
ruminant competition (tapirs).

Why / how do equids survive (only in the upper 
ruminant body size range, and only in the grazing 
niche)?
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