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Explaining a putative contradiction 



from Hofmann (1989) 

? ? 

If browsers produce more saliva and have a higher 
fluid throughput through the rumen, why don’t they 

have the larger omasa? 

Explaining a putative contradiction 



from Hofmann (1989) 

Different salivary gland size 



from Hofmann et al. (2008) 

Different salivary gland size 



from Hofmann et al. (2008) 

Different salivary gland size 
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Different omasum size 



from Clauss, Hofmann et 
al. (2006) 

 

 

 

Different omasum size 



from Clauss, Hofmann et al. (2006) 
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Different omasum size 



from Clauss, Hofmann et al. (in prep.) 

1

10

100

1 10 100 1000

BW (kg)

C
ur

va
tu

ra
 o

m
as

i (
cm

)

Grazer

Intermediate

Browser

Smallest browser

Different omasum size 



Flotation and sedimentation 
only work in a fluid medium 

Sorting by density ... 



Flotation and sedimentation 
only work in a fluid medium 

Indication for a difference in 
sorting mechanism between 

browsers and grazers? 

Sorting by density ... 







Browse 

polygonal 
particles 

Grass 
longish, 

“fibre-like” 
particles 

   Grazer 

Browser 

from Clauss et al. (2003) 

Fibre „mat / „raft  
Stratification 

No fibre „mat / 
„raft  
No stratification 



• Cell walls of grass are thicker than those 
of browse 

• Grass and browse fractionate into 
particles of different shape 

Grass 
longish 

“fibre-like” 
particles Browse 

polygonal 
particles 

Differences in the physical structure 
between grass and browse 



Monocotyledon Dicotyledon 

Differences in the physical structure 
between grass and browse 



Dental adaptations 

• An evident link: hypsodonty index and grass 
consumption 

own evaluation, but similar findings published by Janis (1995), Perez-Barberia and Gordon 
(2001), Mendoza and Palmqvist (2008) 



Masticatory adaptations 



Dental adaptations 
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from Clauss et al. (2003) 

Fibre „mat / „raft  
Stratification 

No fibre „mat / 
„raft  
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mix 

Differences in flotation behaviour between 
grass and browse? 

   Grazer 

Browser 



   Grazer 

mix 2 min. sediment/float 

Browser 

Differences in flotation behaviour between 
grass and browse? 



   Grazer 

Differences in flotation behaviour between 
grass and browse? 

mix 2 min. sediment/float separate layers 

Browser 



   Grazer 

Differences in flotation behaviour between 
grass and browse? 

mix 2 min. sediment/float separate layers 

sieve 
Browser 



from Clauss et al. (2009) 

Differences in flotation behaviour between    
grass and browse? – NO! 



Browse 

polygonal 
particles 

Grass 
longish, 

“fibre-like” 
particles 

   Grazer 

Browser 

from Clauss et al. (2003) 

Fibre „mat / „raft  
Stratification 

No fibre „mat / 
„raft  
No stratification 



No stratification of rumen contents: ‘moose-
type’        

from Clauss et al. (2010) 



Photo: M. Lechner-Doll 

No stratification of rumen contents: ‘moose-
type’        



Stratification of rumen contents        

from Clauss et al. (2010) 
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from Tschuor & Clauss (2008) 

Testing stratification by ultrasound - moose 
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from Clauss et al. (2009) 

Testing stratification by dry matter content 



from Codron & Clauss (2010) 

Testing stratification by dry matter content 



- Rumen papilla growth is stimulated by volatile 
fatty acids 

- Differences in ruminal papillation should indicate 
differences in rumen contents stratification (e.g., 
a gas accumulation (CO2, methane) will 
displace volatile fatty acids 

Testing stratification by rumen morphology 



from Clauss, Hofmann et al. (2009) 

Testing stratification by rumen morphology 



from Clauss, Hofmann et al. (2009) 

Testing stratification by rumen morphology 



from Clauss, Hofmann et al. (2009) 

Testing stratification by rumen morphology 



from Clauss, Hofmann et al. (2009) 

Stratification and rumen papillation        

dorsal 

Atrium 

ventral 
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Stratification and rumen papillation        



from Codron & Clauss (2010) 

Stratification and rumen papillation        



Browse 

polygonal 
particles 

Grass 
longish, 

“fibre-like” 
particles 

   Grazer 

Browser 

from Clauss et al. (2003) 

Low viscosity fluid: 
Separation due to 
flotations/sedimentation; 
clear separation of gas 
dome 

High viscosity fluid: 
Separation due to 
flotation/sedimentation 
less possible; gas 
bubbles distributed 
evenly in the contents  



from Hummel et al. (2009) and Clauss et al. (2009ab) 
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small difference 
between fluid and 
particle passage 

large difference between 
fluid and particle passage 

Difference in fluid retention        



Fluid and particle retention        

from Clauss et al. (2010) 
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Fluid and particle retention 

from Clauss et al. (2010) 
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Fluid and particle retention 

from Clauss et al. (2010) 
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Fluid and particle retention 

from Clauss et al. (2010) 
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Fluid and particle retention 

from Clauss et al. (2010) 
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Fluid and particle retention 

from Clauss et al. (2010) 
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Fluid and particle retention 

from Clauss et al. (2010) 
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Fluid and particle retention 

from Clauss et al. (2010) 
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Fluid and particle retention 

from Clauss et al. (2010) 
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Fluid and particle retention 

from Clauss et al. (2010) 
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Fluid and particle retention 

from Clauss et al. (2010) 
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Absolute fluid retention - moose vs. cattle 

from Clauss et al. (2010) 
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large omasum – high 
water absorption 
capacity 

small omasum – lower 
water absorption 
capacity 

from Hofmann (1973, 1992) 



from Clauss, Hofmann et al. (2009) 

Rumen morphology (papillation) and 
physiology (passage pattern) match 



from Codron & Clauss (2010) 

Rumen morphology (papillation) and 
physiology (passage pattern) match 



Browse 

polygonal 
particles 

mostly  no attachment 

low 
reticular 
crests 
small 
omasum 

thin rumen pillars 
weak rumen muscle layers 

even papillation 

thick rumen 
pillars 
strong rumen muscle layers 

irregular papillation 

high 
reticular crests 
large omasum 

Grass 
longish, 

“fibre-like” 
particles 

dorsal attachment 

   Grazer 

Browser 
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 from Clauss et al. (2003, 2006) 

Rumen pillar thickness 



prominent reticular crest 
deep honeycomb cells 

low reticular crest 
shallow honeycomb cells 



from Hofmann (1969 & 1973) 
 

Reticular crests 
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from Clauss, Hofmann et al. (2010) 

Reticular crests 



from Clauss, Hofmann et al. (2010) 

Reticular crests 
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Testing stratification by dry matter content 

from Clauss et al. (2009) 



escape of 
unsaturated fatty 
acids and  
un-fermented sugars 
possible 

no escape of 
unsaturated fatty acids 
or  
un-fermented sugars 



higher content of 
unsaturated fatty 
acids in browsers 
 
 
glucose tansporter 
(absent in the small 
intestine of grazers) 
are present in 
browsers 



Dierenfeld (1989): 
 

On comparable supplementation, 
grazers seem to have a lesser 
vitamin E-status than browsers. 

Vitamin E status 




