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Ubiquitous dense large packages of plant food in
terrestrial systems
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1. ‘In-house’ or outsourcing of fibre digestion?

‘In-house’ fibre digestion necessitates anatomical and
physiological adaptations that might be costly in some
circumstances.

2. What sequence of fibre digestion and auto-
enzymatic digestion?

- fibre digestion prior to auto-enzymatic digestion allows
the use of bacterial biomass
- bacterial digestion after auto-enzymatic digestion
allows more efficient use of those substrates that can
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“external rumen”







Most biologists consider body mass the most
important characteristic of an organism. It is also
(mostly) easy to measure.
All morphological and physiological traits scale
somehow with body mass.
"Scaling is interesting because, aside from natural selection, it is one of the few
laws we really have in biology." John Gittleman

Body size



1.‘In-house’ or outsourcing of fibre digestion?

‘In-house’ fibre digestion necessitates anatomical
and physiological adaptations that might be costly in
some circumstances.

Outsourcing is only feasible at small body sizes where
you have high encounter rates with nutritionally
relevant amounts of microorganisms.

(although there are billions of microorganisms in this room, their mass is not enough to meet
the daily energy requirements of a single member of the audience)

Two fundamental questions
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Hindgut fermentation -
‘the conventional approach’





 scheme from Karasov & Martinez del Rio (2007)





Herbivorous fish

© Kendall Clements
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Hindgut Fermentation - Caecum
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from Stevens & Hume (1995)

Foregut Fermentation



Photos A. Schwarm/
M. Clauss

Foregut Fermentation



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

Foregut Fermentation - Ruminant



from Vrontsov (2003)

Foregut/Hindgut Fermenters
With the majority of rodent species un-studied, we have not
grasped the variability, and adaptive significance, of foregut
and hindgut fermentation yet.

Demon mole rat
(Tachyoryctes daemon)
papillated forestomach



Fermentation:

Production of VFA
Acetate
Propionate
Butyrate

Hindgut fermenters

from Stevens und Hume (1995)
Photo: B. Burger
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Photo: B. Burger
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After the game is before the game.
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Fermentation after
sites of aut-
enzymatic digestion
and absoprtion:

Use of easily
digestible
substances prior to
fermentation

Loss of bacterial
protein

Coprophagy/
Caecotrphy

from Stevens und Hume (1995)
Photo: B. Burger

‘Backward pass’
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Coprophagy/Caecotrophy

Photos: B. Burger, M. Clauss



Coprophagy/Caecotrophy

Photo: A. Tschudin













The question is not so much
why such a large variety of hindgut fermenters

practice coprophagy,
but rather

why there is a certain group
of large hindgut fermenters

that does not.

Coprophagy / Trophallaxis



Foregut vs. Hindgut Fermentation

from Stevens & Hume (1995)

Lower
bacterial
nitrogen losses
in the faeces?



Foregut vs. Hindgut Fermentation

from Stevens & Hume (1995)

Lower
bacterial
nitrogen losses
in the faeces?

Higher
bacterial
nitrogen
losses in the
faeces?



Foregut vs. Hindgut Fermentation

from Stevens & Hume (1995)

Lower
bacterial
nitrogen losses
in the faeces?

Lower
bacterial
nitrogen
losses in hard
faeces in
coprophagic
hindgut
fermenters
due to
bacterial
accumulation
in
caecotrophs?
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Surface/volume geometry

6:1

24:8=3:1

from Clauss & Hummel (2005)

... affects all surface-related processes

 heat loss            energy requirements food intake
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... affects all surface-related processes

short
long

diffusion ways
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Traditionally, body size is considered the major driver of
herbivore diversity (in the sense that larger animals achieve
longer retention times and higher digestibilities).

However, empirical data does not indicate a relevant scaling of
digestibility or digesta retention times with body mass.

Conceptualizing herbivore diversity

from Clauss et al. (2009; data from Foose 1982) from Steuer et al. (2011; original data)
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from Clauss et al. (2009; data from Foose 1982)
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Conceptualizing herbivore diversity

metabolic intensity

To achieve a high metabolic intensity, you need

• a high food intake

• a high digestive efficiency
- long retention times
- intensive particle size reduction
- (high feeding selectivity)

Compensation via
gut capacity?
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 from Franz et al. (2011)
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metabolic intensity

Data overlap from Savage et al. (2004) and Clauss et al. (2007)
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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

from Hummel et al. (2006ab)
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digestion

Autoenzymatic
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High intake
⇒ short passage
⇒ high BMR

From Digestive to Metabolic Strategies

Low intake
⇒ long passage
⇒ low BMR

✓

✓

✓
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Ruminant vs. Nonruminant
Foregut Fermentation

Schwarm et al. (2008,2009)
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from Clauss et al. (2010)
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Matsuda et al. (2011)



Matsuda et al. (2011)

R/R no R/R
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metabolic intensity

from Clauss et al. (2008, 2010)



1. Fibre digestion with the help of symbiotic
microbes is widespread in the animal kingdom

2. So is the direct use of microbial biomass - either
via coprophagy, farming, or foregut
fermentation

3. Reasons for different proportions of acetogenic
and methanogenic hydrogen sinks in ruminants
and nonruminants remain unclear

4. Due to its relevance for food encounter rates,
harvesting mechanisms and surface/volume
geometry, body size has an important influence
on foraging strategies and digestive
morphophysiology

Summary I



6. Different merits of foregut and hindgut
fermentation (at similar metabolic intensity)
remain to be fully elucidated

7. Rather than classifying herbivores according to
body size or digestion type, classifying herbivores
according to metabolic intensity is a promising
novel approach

8. Whereas the hindgut fermenter system allows a
large range of metabolic intensities, the
(nonruminant) foregut fermenter system appears
to restrict animals to the low metabolic intensity
side of the spectrum

Summary II



9. Findings on reduced digestibilities (incl. that of
fibre fractions) in low food intake-scenarios with
high-metabolic intensity species suggest that
hitherto unknown microbial and endogenous
properties exist that are linked to metabolic
intensity

Summary III
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