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•!Digestion 
•! mechanical and chemical breakdown of food into smaller 

components that can be absorbed 
•! takes place during the retention in, and passage through, the 

digestive tract 

 

Definitions 
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•!Coprophagy 
 

•! ingestion of regular faeces 
=> normal feeding behaviour (‘detritivores’) 
=> behavioural mechanism to ensure inoculation of GIT with 

 symbiotic microbes (rare) 
=> abnormal behaviour 
 

•! ingestion of special faeces (‘caecotrophs’) 
=> separation mechanism in the hindgut 
=> recycling of bacterial protein 
=> near-obligatory in many rodents and  

              lagomorphs 
 

 

Definitions 

Photo: A. Tschudin 
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•! Vomiting 
•! involuntary (forceful) expulsion of stomach contents 

=> linked to aversive condition (gastritis, poisoning) 
=> ‘does not stop in the mouth’ 
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•! involuntary (forceful) expulsion of stomach contents 

=> linked to aversive condition (gastritis, poisoning) 
=> ‘does not stop in the mouth’ 

 

•! Regurgitation 
•! voluntary/intentional expulsion of material from mouth/pharynx/

esophagus/stomach 
=> transport: feeding young/sharing food 

•! production of special products in GIT (crops milk in 
pigeons, bee honey) 

=> elimination: indigestible products (pellets/‘casting‘ in 
 carnivorous/piscivorous birds; stomach eversion in 
 sharks) 

Definitions 



Crocodile regurgitating 



Shark stomach eversion 



Eagle pellet 



Shrike pellet 



Owl pellet 



Owl pellet 



Owl pellet 

http://en.wikipedia.org/wiki/File:Pelotes_r%C3%A9jection_Asio_Otus.jpg 
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•! Vomiting 
•! involuntary (forceful) expulsion of stomach contents 

=> linked to aversive condition (gastritis, poisoning) 
=> ‘does not stop in the mouth’ 

 

•! Regurgitation 
•! voluntary/intentional expulsion of material from mouth/pharynx/

esophagus/stomach 
=> transport: feeding young/sharing food 

•! production of special products in GIT (crops milk in 
pigeons, bee honey) 

=> elimination: indigestible products (pellets/‘casting‘ in 
 carnivorous/piscivorous birds; stomach eversion in 
 sharks) 

=> ‘regurgitating artists’ 

Definitions 



•! 1621 ‘nail-vomiting boy of Boston’ 
•! 1642 Catharina Geisslerin, the ‘toad-vomiting 

woman of Germany’ 
•! 1694 Theodorus Döderlein (vomiting newts and 

frogs) 
•! 1834 Henriette Pfenning (vomiting frogs) 

•! compulsive swallowers (1927 patient with 
toothbrushes and disposable razor handles in 
his stomach) 

•! Stevie Starr – the ‘professional regurgitator’ 

Regurgitators 

http://sprott.physics.wisc.edu/pickover/vomit.html 



Regurgitators 



Human regurgitators 
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•! Rumination / Merycism 
•! “to turn over in the mind” 
•! “to chew the cud” 

=> implies regurgitation, chewing, re-swallowing 
 

Definitions 



•! Rumination / Merycism 
•! “to turn over in the mind” 
•! “to chew the cud” 

=> implies regurgitation, chewing, re-swallowing 
 
=> maladaptive in humans as well as certain zoo animals 

 ‘rumination syndrome’ / ‘RR’ 
 

Definitions 



Gorilla R/R 



Gorilla R/R 







Chimpanzee R/R 



Chimpanzee R/R 





Orangutan R/R 



Orangutan R/R 







Rumination disorder in man 



•! historically: linking to bovine ancestry (incl. autopsies to check 
for chambered forestomach) 

=> ‘the mark of the beast’ (primitive impulse) 
 
•! 6-10 % of institutionalized persons with severe mental 

retardation 
•! complications: malnutrition, weight loss, aspiration/choking 

 => aspiration cause of death 5-10% of ruminators 

•! social isolation 

•! treatment option: ad libitum feeding/satiety 

Rumination disorder in man 
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•! Rumination / Merycism 
•! “to turn over in the mind” 
•! “to chew the cud” 

=> implies regurgitation, chewing, re-swallowing 
 
=> maladaptive in humans as well as certain zoo animals 

 ‘rumination syndrome’ / ‘RR’ 
 
=> ‘bubbling’ in certain flies 

Definitions 



Fly bubbling 



•! Rumination / Merycism 
•! “to turn over in the mind” 
•! “to chew the cud” 

=> implies regurgitation, chewing, re-swallowing 
 
=> maladaptive in humans as well as certain zoo animals 

 ‘rumination syndrome’ / ‘RR’ 
 
=> ‘bubbling’ in certain flies 
 
=> obligatory mechanism in functional ruminants 
=> probably facultative mechanism in several herbivores  
 

Definitions 



Rumination in ruminants 



Rumination in ruminants 



Rumination in camelids 



Why rumination? 



•! Anti-predation strategy 
•! “Rumination seems to allow herbivores to ingest in haste and 

masticate at leisure” (Karasov & Del Rio 2007) 

=> Ruminants should ingest similar amounts of food as other 
herbivores and just ‘chew later’ - or become time-
constrained in intake 
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•! Energy-saving mechanism 
•! Rumination occurs in a state of ‘drowsiness’ similar to rest; may 

represent an energy-saving strategy - less time spent ‘wide 
awake’(Gordon 1968) 

=> Ruminants should have lower energy requirements/higher 
productivity than other herbivores 



•! Anti-predation strategy 
•! “Rumination seems to allow herbivores to ingest in haste and 

masticate at leisure” (Karasov & Del Rio 2007) 

=> Ruminants should ingest similar amounts of food as other 
herbivores and just ‘chew later’ - or become time-
constrained in intake 

Why rumination? 

•! Energy-saving mechanism 
•! Rumination occurs in a state of ‘drowsiness’ similar to rest; may 

represent an energy-saving strategy - less time spent ‘wide 
awake’(Gordon 1968) 

=> Ruminants should have lower energy requirements/higher 
productivity than other herbivores 

•! Enhancement of digestive efficiency 
•! Rumination reduces particle size and hence allows faster 

digestion at constant intake 

=> Ruminants should have smaller digesta particle sizes (and 
higher intakes) than other herbivores 
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Hindgut Fermentation - Caecum       
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Hindgut Fermentation - Caecum       
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Hindgut Fermentation - Colon       
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Hindgut Fermentation - Colon       
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Foregut Fermentation 



Photos A. Schwarm/ 
M. Clauss 

Foregut Fermentation 



aus Stevens & Hume (1995) 
Photo Llama: A. Riek 

Foregut Fermentation - Ruminant 
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Foregut vs. Hindgut Fermentation        
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Conceptualizing herbivore diversity 

metabolic intensity 
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Data from Savage et al. (2004) 
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Conceptualizing herbivore diversity 

metabolic intensity 
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Conceptualizing herbivore diversity 

metabolic intensity 

from Clauss et al. (2010) 
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Hindgut fermenters can have either - 
high or low intake and (hence) short or 
long ingesta retention 

from Clauss et al. (2008) 
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Nonrum. ff appear limited to a low food intake and 
(hence) long ingesta retention 

from Clauss et al. (2008) 



1.! It is energetically favourable to digest 
‘autoenzymatically digestible’ components 
autoenzymatically, not by fermentative 
digestion. 

2.! Autoenzymatically digestible components are 
fermented at a drastically higher rate than plant 
fiber. 

Two Preconditions        
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from Hummel et al. (2006ab) 
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Nonrum. ff appear limited to a low food intake and (hence) long 
ingesta retention 

while hindgut fermenters can cover the whole range 



High intake 
!! short passage 
!! high BMR 
 

From Digestive to Metabolic Strategies        

Low intake 
!! long passage 
!! low BMR 
 

! 

! 

! 
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•! Digestion of plant fibre by bacteria is the 
more efficient ...  

 

–! the more time is available for it 
 = the longer the mean gastrointestinal 
retention time. 

 
–! the finer the plant fibre particles are 

 = the finer the ingesta is chewed. 

How can you increase fermentative digestive 
efficiency?        



•!higher food intake 

•!higher digestive efficiency 

How can you increase energy intake?        
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•!higher food intake 

•! longer retention 

•! finer chewing 

How can you increase energy intake?        

higher gut 
volume !
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•!higher food intake 

•! longer retention 

•! finer chewing 

How can you increase energy intake?        

sorting ! !
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Ruminant vs. Nonruminant  
Foregut Fermentation        
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•!higher food intake 

•! longer retention 

•! finer chewing 

How can you increase energy intake?        

sorting ! !
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Intake and Passage 

Ruminants expand the intake range of foregut fermenters  
(while retaining long retention times) 



•!higher food intake 

•! longer retention 

•! finer chewing 

How can you increase energy intake?        
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Why can t everyone just chew more?        
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Chewing in ruminants and nonruminants        



•!higher food intake 

•! longer retention 

•! finer chewing 

How can you increase energy intake?        

sorting ! !

sorting ! !



Conceptualizing herbivore diversity 
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from Clauss et al. (2010) 



Conceptualizing herbivore diversity 

metabolic intensity 

from Clauss et al. (2010) 
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Digestive and Metabolic Strategies        

! 

! 

! ! 

High intake 
!! differentiated 

passage 
!! high BMR 
 

Low intake 
!! long passage 
!! low BMR 
 

! 



Conceptualizing herbivore diversity 

metabolic intensity 

from Clauss et al. (2010) 



The case of the proboscis monkey 



The case of the proboscis monkey 

from Stevens und Hume (1995) 



Matsuda et al. (2011) 
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The case of the kangaroos 
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from Stevens und Hume (1995) 
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The case of the hyrax 



The case of the hyrax 

Leviticus 11 (New International Version NIV) 
Clean and Unclean Food 
 
11!The Lord said to Moses and Aaron, 2!“Say to the Israelites: ‘Of all the animals that live on 
land, these are the ones you may eat: 3!You may eat any animal that has a divided hoof 
and that chews the cud. 4!“‘There are some that only chew the cud or only have a divided 
hoof, but you must not eat them. The camel, though it chews the cud, does not have a 
divided hoof; it is ceremonially unclean for you. 5!The hyrax, though it chews the cud, does 
not have a divided hoof; it is unclean for you.  



The case of the hyrax 
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The case of the koala 



The case of the koala 

from Stevens und Hume (1995) 
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The case of the koala 



The case of the koala 



•! Anti-predation strategy 
•! “Rumination seems to allow herbivores to ingest in haste and 

masticate at leisure” (Karasov & Del Rio 2007) 

=> Ruminants should ingest similar amounts of food as other 
herbivores and just ‘chew later’ - or become time-
constrained in intake 

Why rumination? 

•! Energy-saving mechanism 
•! Rumination occurs in a state of ‘drowsiness’ similar to rest; may 

represent an energy-saving strategy - less time spent ‘wide 
awake’(Gordon 1968) 

=> Ruminants should have lower energy requirements/higher 
productivity than other herbivores 

•! Enhancement of digestive efficiency 
•! Rumination reduces particle size and hence allows faster 

digestion at constant intake 

=> Ruminants should have smaller digesta particle sizes (and 
higher intakes) than other herbivores 

• Rumination reduces particle size and hence allows faster 
digestion at constant intake
=> Ruminants should have smaller digesta particle sizes (and 

higher intakes) than other herbivores 

• Rumination occurs in a state of ‘drowsiness’ similar to rest; may 
represent an energy-saving strategy - less time spent ‘wide 
awake’(Gordon 1968) 

=> Ruminants should have lower energy requirements/higher 
productivity than other herbivores 

• “Rumination seems to allow herbivores to ingest in haste and 
masticate at leisure” (Karasov & Del Rio 2007) 

=> Ruminants should ingest similar amounts of food as other 
herbivores and just ‘chew later’ - or become time-
constrained in intake 







Regurgitation / 
Reingestion as 
a behavioural 

disorder 
appears 

limited to great 
apes /humans 





Rumination has 
evolved 

repeatedly in 
mammals 



Rumination is 
most powerful 
if coupled with 

a sorting 
mechanism 
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outlook: cheek pouches // coprophagy 




