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In vitfro Fermentation und Partikelgrosse
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Prey processing in amniotes: biomechanical and
behavioral patterns of food reduction
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Mammals: the definitive chewers



Comparative chewing efficiency in mammalian herbivores
Julia Fritz, Jirgen Hummel, Ellen Kienzle, Christian Arnold, Charles Nunn and Marcus Clauss




Comparative chewing efficiency in mammalian herbivores

Julia Fritz, Jirgen Hummel, Ellen Kienzle, Christian Arnold, Charles Nunn and Marcus Clauss

100 -

=
o
1

Mean particle size (mm)
=t

U I 1
0.001 0.01 0.1 1 10 100 1000 10000

Body mass (kg)



Comparative chewing efficiency in mammalian herbivores
Julia Fritz, Jirgen Hummel, Ellen Kienzle, Christian Arnold, Charles Nunn and Marcus Clauss




Herbivores - Birds

Hoatzin
(Opisthocomus hoazin)
Body Length: 65 cm

Chicken
(Gallus domesticus)
Body Length: 46 cm

from Stevens und Hume (1995)
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Gizzard vs. teeth, it's a tie: food-processing efficiency in
herbivorous birds and mammals and implications for dinosaur
feeding strategies

Julia Fritz, Jiirgen Hummel, Ellen Kienzle, Oliver Wings, W. Jiirgen Streich,
and Marcus Clauss Paleobiology, 37(4), 2011, pp. 577—-
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Figure 4. Leaf recovered from the feces of an L iguong, Note that
|amma|5 the shape of the leaf and the vascular bundles are nearly intact
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Figure 2. Mean fecal particle size in individuals of (A) T. graeca and (B) T. hermanni from the wild, or from captivity fed chopped and whole
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Verwellzelt im Darmtrakt

Clauss et al. (2007)



Verwellzelt im Darmtrakt

Clauss et al. (2007), Franz et al. (2011)
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Futteraufnahme

Clauss et al. (2007)



Futteraufnahme

Clauss et al. (2007), Franz et al. (2011)



Kauen ...

Fritz et al. (2009, 2010)



Kauen ... ermdoglicht kurze Verweildauer

Clauss et al. (2007), Fritz et al. (2009, 2010), Franz et al. (2011)



Kauen ... ermdglicht hohe Futteraufnahme

Clauss et al. (2007), Fritz et al. (2009, 2010), Franz et al. (2011)



lerkleinern .. ermoglicht hohe Fufferaufnahme

Clauss et al. (2007), Fritz et al. (2009, 2010), Franz et al. (2011), Fritz et al. (2012)



lerkleinern .. ermoglicht hohe Fufferaufnahme

fur Pflanzenfresser ist
Futterzerkleinerung die
Voraussetzung fur
Endothermie !

Clauss et al. (2007), Franz et al. (2011), Fritz et al. (2012)
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A comparison of observed molar wear rates in extant
herbivorous mammals

— . Ann. Zool. Fennici 51: 188-200
1 2
John Damuth' & Christine M. Janis Helsinki 7 April 2014
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Hypsodontie

Hummel (unpubl.)
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On the relationship between hypsodonty

and feeding ecology in ungulate mammals,

and its utility in palaeoecology

John Damuth'* and Christine M. Janis? Biol. Rev. (2011),
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Womit korreliert Hypsodontie ¢
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Another one bites the dust: faecal silica
levels in large herbivores correlate
with high-crowned teeth
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Woher das Silikat ¢

- Staub/Schmutz
(externe Abrasiva)e

- Phytolithe
(inferne Abrasiva)?



Sind Phytolithe abrasiv ¢

Do silica phytoliths really wear mammalian teeth?

Gordon D. Sanson **, Stuart A. Kerr ®, Karlis A. Gross °

KOl Mechanisms and causes
i enamel: implications for
Interface
2013 Peter W. Lucas’, Ridwaan Omar®, Khaled Al
rsif.royakod etypubiishing.org S. Amusallant, Amanda G Henry’ Shaji ¥

Jorg WatzkeS, David S. Stait” and Anthany

Untangling the environmental from the
dietary: dust does not matter

Gildas Merceron', Anusha Ramdarshan!, Cécile Blondel',
Jean-Renaud Boisserie'2, Noél Brunetiere?, Arthur Francisco®, Denis Gautier*?,
Xavier Milhet?, Alice Novello® and Dimitri Pret/
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Journal of Zoo and Wildlife Medicine 39(1): 69-75. 2008
Copyright 2008 by American Association of Zoo Veterinarians

IRREGULAR TOOTH WEAR AND LONGEVITY IN CAPTIVE WILD
RUMINANTS: A PILOT SURVEY OF NECROPSY REPORTS

Olga Martin Jurado, med.vet., Marcus Clauss, M.Sc., Dr.med.vet., Dipl. E.C.V.C.N., W. Jiwrgen
Streich, Dr.rer.nat., and Jean-Michel Hatt, M.Sc.. Prof. Dr.med.vet.. Dipl. E.C.A.M.S., Dipl. A.C.Z.M.
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ORIGINAL ARTICLE

Tooth length and incisal wear and growth in guinea pigs (Cavia
porcellus) fed diets of different abrasiveness
J. Milller’, M. Clauss’, D. Codron'?, E. Schulz>*, J. Hummel®, P. Kircher® and J.-M. Hatt'
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Diet design




Diet design

Unterschied in Abrasiva !
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Schneidezahn-Wachstum
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Schneide-/Backenzahn-Wachstum
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Relative Zahnlange




Sand ist abrasiv




Phytolithe sind auch abrasiv

U U




/ahnfunktion:

Schwerkraft ¢




Oberkiefer vs. Unterkiefer
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Alterseffekt auf Kauintensitat
(aufgrund Molaren-Eruption)



Verlangerung des 3. Molaren beil Schweinen
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from Souron et al. (2014)
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Comparative chewing efficiency in mammalian herbivores

Julia Fritz, Jirgen Hummel, Ellen Kienzle, Christian Arnold, Charles Nunn and Marcus Clauss

100 -
@)
10 - o ® O o.
c O
£ o ® o ° °
s @ 000 oo o 'z.
1 7 ) () .~* @ ‘
o)
® @ ) ’ ® e ) %
® o% © o %
e O @9
0.1 1 ! 1 .'I 1 1 1 1
0.001 0.01 0.1 1 10 100 1000 10000



Comparative chewing efficiency in mammalian herbivores

Julia Fritz, Jirgen Hummel, Ellen Kienzle, Christian Arnold, Charles Nunn and Marcus Clauss

100 -
et O
10 - o H ° o
c O
£ o ® a® °
> © ©00 oo ’z.
1 7 ) () .‘“ B ‘
O
® @ ) , ® e B %
®© o % & o o
e O A
0.1 1 ! 1 .'I 1 1 1 1
0.001 0.01 0.1 1 10 100 1000 10000
BM (kg)

® Simple-stomached B Nonruminant ff




Comparative chewing efficiency in mammalian herbivores

Julia Fritz, Jirgen Hummel, Ellen Kienzle, Christian Arnold, Charles Nunn and Marcus Clauss

100 -
et O
10 - o H ° o
c O
£ o ® a® °
> © ©00 oo ’z.
1 7 ) () .‘“ B ‘
O
® @ ) , ® e B %
®© o % & o o
e O A
0.1 1 ! 1 .'I 1 1 1 1
0.001 0.01 0.1 1 10 100 1000 10000
BM (kg)

® Simple-stomached B Nonruminant ff




Backenzahn-Oberfldchen

Grazers

Kobus

elipsiprymnus '
Alcolaphus
b wmphub

Intermediate feeders

Browsers

H
H
H
H
H
H
:
H
:
:
R*mg‘ﬁ'r :
Giraffa tarandus :
camelopardalis :
:
g :
) * Damaliscus lunatus
5 Damalmmx
oz dorcas
Gazella grant .
Okapta : ]
_ohnstoni Jo— . \
NS (@
Gazella E
thomson ) Hippotragus
: equinus
H
Alces alces § H W
Taurotragus :
3 oryx H 0
" w9 e e

Odocoileus hemionus
Q)

R
I . G

virginianus Capredus cagrecius

< T

Litocranus wallert

” Cephalophus
dorsalis

Cephalophus @. ICA
natalensis | :':@
5 ” Cepludophus
sdvicultor
N\
Tetraceros
‘ quadrnicornis

niger
Elaphurus
b davidianus

Capra ibex "
Connochaetes
gnou Lowjr)chmfrs
faunnus

' ] I Ouvibros
Central moschatus

pillar

"™

Syncerua caffer

‘;I

Saiga tatarica

S 4

3

v-

Tragelap T
mberbis seriptus Aepyceros

melampus

o9

Ourebia ourebi

Tragelaphus
strepsiceros

Py

B 7 e Kaiser et al. (2010)



Fecal particle size in herbivores

e We expect captive herbivores to have finer faecal
particles than free-ranging conspecifics (due to pellet
feeding)

e Thisis confirmed in Aurochs but not in giraffes!

e |ndication that giraffe teeth are adapted to chewing
something else - not the diets offered in captivity.
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We expect captive herbivores to have finer faecal
particles than free-ranging conspecifics (due to pellet
feeding)

e Thisis confirmed in Aurochs but not in giraffes!
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Fecal particle size in herbivores

e We expect captive herbivores to have finer faecal
particles than free-ranging conspecifics (due to pellet
feeding)

e This is confirmed in Przewalski horse but not in tapirs!

e Indication that tapir teeth are adapted to chewing
something else - not the diets offered in captivity.
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* Predations-Vermeidung

o “Wiederkdauen erlaubt es Pflanzenfressern, rasch zu fressen und
das Kauen auf spdter zu verschieben” (Karasov & Del Rio 2007)

=> Wiederkavuer sollten gleich viel fressen wie andere
Pflanzenfresser und ‘spater kaven’ — oder in der
Futteraufnahme zeitlich limitiert sein
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* Predations-Vermeidung

o “Wiederkdauen erlaubt es Pflanzenfressern, rasch zu fressen und
das Kauen auf spdter zu verschieben” (Karasov & Del Rio 2007)

=> Wiederkavuer sollten gleich viel fressen wie andere
Pflanzenfresser und ‘spater kaven’ — oder in der
Futteraufnahme zeitlich limitiert sein

Life cycle period and activity of prey influence their susceptibility to

predators
A, Molinari-Jobin, P. Molinari. A. Loison, J.-M. Gaillard and U. Breitenmoser

We found more chamois predated when feeding., whereas roe deer
were predated mainly when ruminating.




Warum Wiederkduen ¢

* Predations-Vermeidung

“Wiederkauen erlaubt es Pflanzenfressern, rasch zu fressen und
das Kauen auf spdter zu verschieben” (Karasov & Del Rio 2007)

=> Wiederkauer sollten gleich viel fressen wie andere
Pflanzenfresser und ‘spater kaven’ — oder in der
Futteraufnahme zeitlich limitiert sein

 Energie-Spar-Mechanismus

Wiederkauvern geschieht in einem ruhedhnlichem Zustand der
‘Dosigkeit’; weniger Zeit wird ‘hellwach’ verbracht, was Energie
spari(Gordon 1968)

=> Wiederkauer sollten geringeren Energiebedarf/hohere
Produktivitat haben als andere Pflanzenfresser




Warum Wiederkduen ¢

* Predations-Vermeidung

o “Wiederkdauen erlaubt es Pflanzenfressern, rasch zu fressen und
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Pflanzenfresser und ‘spater kaven’ — oder in der
Futteraufnahme zeitlich limitiert sein

 Energie-Spar-Mechanismus

 Wiederkauvern geschieht in einem ruheahnlichem Zustand der
‘Dosigkeit’; weniger Zeit wird ‘hellwach’ verbracht, was Energie
spari(Gordon 1968)

=> Wiederkauer sollten geringeren Energiebedarf/hohere
Produktivitat haben als andere Pflanzenfresser

 Beschleunigung/Verbesserung der Verdauung

 Wiederkaven reduziert die Partikelgrosse und ermoglichst so eine
schnellere Verdauung bei gleicher Futteraufnahme

=> Wiederkauer sollten kleinere Kotpartikel und hohere
Futteraufnahmen haben als andere Pflanzenfresser
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Nasenaffen (Nasalis larvatus)
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Faecal particle size in free-ranging primates supports
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Regurgitation and
remastication in the
foregut-fermenting
proboscis monkey
(Nasalis larvatus)

Ikki Matsuda'*, Tadahiro Murai’,
Marcus Clauss2, Tomomi Yamada?®,
Augustine Tuuga®, Henry Bernard®
and Seigo Higashi®

Physiology
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Kangurus
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Food Regurgitation in the Macropodidae

S. BArkFR,* G. D. Brownt and J. H. CAraBy*

Merycism in western grey (Macropus fuliginosus) and red kangaroos
(Macropus rufus)

Catharina Vend!l*“*, Adam Munn®, Keith Leggett", Marcus Clauss®




Kangurus

No distinct stratification of ingesta particles and no distinct moisture
gradient in the fore-stomach of non-ruminants: The wallaby, peccary,
hippopotamus, and sloth

Angela Schwarm® ", Sylvia Ortmann?, Julia Fritz¢, Edmund Flach¥,
Wolfram Rietschel ¢, Marcus Clauss’
Mammalian Biology 78 (2013) 412-421
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Wasserschwein (Hydrochoerus hydrochaeris)




Wasserschwein (Hydrochoerus hydrochaeris)

from Stevens und Hume (1995)




Wasserschwelin (Hydrochoerus hydrochaeris)

Studies on Neotropical Fauna and Environment
Vol. 29 (1994), No. 1, pp. 11-22

A Descriptive Account of Capybara Behaviour

Rexford D. LORD

Regurgitation and Coprophagy. — A significant new finding of this study was
observations of capybaras regurgitating and masticating their food while resting,
a parallel of rumination among the ruminants such as cattle.

Regurgitation and mastication of food by capybaras was seen only while
resting on land, throughout the day, unlike coprophagy which is practised prima-
rily in the morning (Lord 1991, Herrera 1985). Regurgitation is frequently pro-
ceeded by a gaping yawn, followed by stretching of the neck, then about a minute
of mastication. Sometimes the food material could been seen in the mouth and on
occasion spilled out. A young capybara was videotaped eating some spilled
regurgitation material from an adult female. The gape yawn may be proceeded
by a half role on one side, and/or sitting up. Videotape analysis of this practice
has shown the pattern to be somewhat ritualized. It is practised much more
frequently than coprophagy, but was probably overlooked because it appears to
be a simple yawn.
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Klippschliefer (Procavia spp.)

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. °The hyrax, though it chews the cud, does
not have a divided hoof; it is unclean for you.




Klippschlieter (Procavia spp.)

BIOLOWISCHES ZENTRALBLATT

- — . —— e e ——
Band 84 November - Dezember 1965 Heft 6

VI. Entdeckung von Wiederkauen bei einer Sdugetierordnung
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Koala (Phascolarctos cinereus)




Koala (Phascolarctos cinereus)

from Stevens und Hume (1995)
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Koala (Phascolarctos cinereus)

EFFECT OF TOOTH WEAR ON THE RUMINATION-LIKE
BEHAVIOR, OR MERYCISM, OF FREE-RANGING KOALAS
(PHASCOLARCTOS CINEREUS)

M. LoGAaN*
Journal of Mammalogy, 84(3):897-902, 2003
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Koala (Phascolarctos cinereus)

The effects of lactation on the feeding behaviour
and activity patterns of free-ranging female koalas
(Phascolarctos cinereus Goldfuss)

M. Logan and G. D. Sanson




Koala (Phascolarctos cinereus)

The effects of lactation on the feeding behaviour
and activity patterns of free-ranging female koalas
(Phascolarctos cinereus Goldfuss)

M. Logan and G. D. Sanson
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Koala (Phascolarctos cinereus)

The effects of lactation on the feeding behaviour
and activity patterns of free-ranging female koalas
(Phascolarctos cinereus Goldfuss)

M. Logan and G. D. Sanson
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Warum Wiederkduen ¢

* Predations-Vermeidung

o ‘“Wiederkdauen erlaubt es Pflanzenfressern, rasch zu fressen und
das Kauen auf spdter zu verschieben” (Karasov & Del Rio 2007)

=> Wiederkauer sollten gleich viel fressen wie andere
Pflanzenfresser und ‘spater kauven’ — oder in der
Futteraufnahme zeitlich limitiert sein

 Energie-Spar-Mechanismus

 Wiederkavern geschieht in einem ruhedhnlichem Zustand der
‘Dosigkeit’; weniger Zeit wird ‘hellwach’ verbracht, was Energie
spari(Gordon 1948)

=> Wiederkauer sollten geringeren Energiebedarf/hohere
Produldiyi ol balm e et Dl ooy

* Beschleunigung/Verbesserung der Verdquu@
* Wiederkuenreduzier-die-Reariicelgréosse-urmdermoglichst so eine

schnellere Verdauung bei gleicher Futteraufnahme

=> Wiederkauer sollten kleinere Kotpartikel und hohere
Futteraufnahmen haben als andere Pflanzenfresser




Kau-Optimierung:

Rhythmisches Kauen
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System specification and validation of a noseband pressure sensor for
measurement of ruminating and eating behavior in stable-fed cows

CrossMark
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ARTICLE INFO ABSTRACT

Article history:
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Rumination and eating behavior are important indicators for assessing health and well-being in cattle.
The objective of this study was to develop and validate a novel scientific monitoring device for automated
measurement of ruminating and eating behavior in stable-fed cows to provide research with a measuring
instrument for automated health and activity monitoring. The RumiWatch noseband sensor (Itin+Hoch
GmbH, Liestal, Switzerland) incorporates a noseband pressure sensor, a data logger with online data anal-
ysis, and software. Automated measurements of behavioral parameters are based on generic algorithms
without animal-specific learning data. Thereby, the system records and classifies the duration of chewing
activities and enables users to quantify individual ruminating and eating jaw movements performed by
the animal. During the course of the development, two releases of the system-specific software
RumiWatch Converter (RWC) were created and taken into account for the validation study. The results
generated by the two software versions, RWC V0.7.2.0 and RWC V0.7.3.2, were compared with direct
behavioral observations. Direct observations of cow behavior were conducted on 14 Swiss dairy farms
with an observation time of 1 h per animal, resulting in a total sample of 60 dairy cows. Agreement of
sensor measurement and direct observation was expressed as Spearman correlation coefficients (rs) for
the pooled sample. For consolidated classification of sensor data (1-h resolution), correlations for rumi-
nation time were 1= 0.91 (RWC V0.7.2.0) and 15 = 0.96 (RWC 0.7.3.2), and for eating time r; = 0.86 (RWC
0.7.2.0) and 15 = 0.96 (RWC V0.7.3.2). Both software versions provide a high standard of validity and mea-
suring performance for ruminating and eating behavior. The high to very high correlations between direct
observation and sensor data demonstrate that the RumiWatch noseband sensor was successfully devel-
oped and validated as a scientific monitoring device for automated measurement of ruminating and eat-
ing activity in stable-fed dairy cows.
© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

Keywords:
Precision dairy farming
Health monitoring
Dairy cow

RumiWatch

Chewing activity

1. Introduction

Research in the field of Precision Livestock Farming has put a
major effort on development and evaluation of technologies allow-
ing early recognition of pathological and management-relevant
behavioral changes and assessment of the individual health state
in dairy cows (cf. review by Rutten et al., 2013). Hence, sensor
devices for automated detection of health impairments in livestock
are increasingly available and can provide effective management
support in various types of farming systems. In dairy cattle nutri-
tion, chewing activity has been identified as an important param-
eter to assess the adequate composition of a diet and the risk of

* Corresponding author.

E-mail addresses: nils.zehner@agroscope.admin.ch (N. Zehner), christina.
umstaetter@ admin.ch (C. Umstitter), joel.niederhauser@innoclever.com
(JJ. Niederhauser), matthias.schick@agroscope.admin.ch (M. Schick).

http://dx.doi.org/10.1016/j.compag.2017.02.021
0168-1699/© 2017 The Authors. Published by Elsevier B.V.

ruminal acidosis (Yang and Beauchemin, 2007). Furthermore,
ruminating activity may provide meaningful information on calv-
ing time and subclinical diseases or health disorders (Goff and
Horst, 1997; Soriani et al., 2012). Accordingly, continuous mea-
surements of cow feeding variables enable us to develop a more
complete understanding of the dietary effects on digestive function
and performance (Dado and Allen, 1993). The timeline and inten-
sity of feeding activity provide information on the diurnal pattern
of the behavior of ruminants, and identification of deviations may
be used for detection of health impairments (Weary et al., 2009;
Braun et al., 2014). Direct observation for measurement of rumi-
nating and eating behavior is labor intensive, error-prone and
hardly applicable for continuous observations on several animals
simultaneously (Penning, 1983). For these reasons, several meth-
ods have been developed for automated, non-invasive measure-
ment of chewing activity in ruminants. The working principle of

This is an open access article under the CC BY license (htp://creativecommons.org/licenses/by/4.0]).




Silage intake, rumination and pseudo-rumination activity in sheep
studied by radiography and jaw movement recordings

Br A.G. DESWYSEN®* anp H. J. EHRLEIN
Br. J. Nutr. (1981), 46, 327
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Methoden

6 Simmental Farsen (Bos faurus, 459 £ 110 kg)
6 Trampeltiere (Camelus bactrianus, 645 = 60 kQ)
6 Warmblutpferde (Equus caballus, 563 = 44 kg)

Rumiwatch Kauhalfter

Ganzes Heu (CP 74, NDF 607, ADF 324 g/kg DM)
fOr 15 Minuten (plus 2 h max. bis Wiederk&duen)
Futterauftnahme gemessen

B 2o D
o -5




Futteraufnahme
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Rumiwatch Messungen:

1.

Kauschlage
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Methoden

Rumiwatch Messungen:
2. Fresskauen / Wiederkduen
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Rumiwatch Messungen (zusatzl. Software):
3. Visualisierung der Rohdaten
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Rumiwatch Messungen (zusatzl. Software):
3. Visualisierung der Rohdaten
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Rumiwatch Messungen (zusatzl. Software):

4. fOr 10 aufeinandert. Kouphosen Berechnung der
Standardabweichung
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Rumiwatch Messungen (zusatzl. Software):

4. fOr 10 aufeinanderf. Kauphasen: Berechnung der
Standardabweichung Peak-Interval (s)
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Methoden

Rumiwatch Messungen (zusatzl. Software):

4. fOr 10 aufeinanderf. Kauphasen: Berechnung der
Standardabweichung Peak-Interval (s), Peak-
HOohe (mbar)

——
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Rumiwatch Messungen (zusatzl. Software):

4. fOr 10 aufeinanderf. Kauphasen: Berechnung der
Standardabweichung Peak-Interval (s), Peak-
HOohe (mbar), Peak-Breite (s)

——




Methoden

Rumiwatch Messungen (zusatzl. Software):

4. fOr 10 aufeinanderf. Kauphasen: Berechnung der
Standardabweichung Peak-Interval (s), Peak-
HOohe (mbar), Peak-Breite (s)

——

_ 5. Berechnung der
durchschnittl. SD
— der 10 Kauphasen




Kau-Rhythmik

eeeeee

eeeeee




Kau-Rhythmik

Fressen

Wiederkdauen

Fressen

Wiederkduen




Kau-Rhythmik

Fressen

Wiederkdauen

Fressen

Wiederkduen




Kau-Rhythmik

Fressen

Wiederkdauen

Fressen

Wiederkduen




Kau-Rhythmik

Fressen

Wiederkdauen

Fressen

Wiederkduen




Kau-Rhythmik

a a
Fressen
b
b Cc
C Wiederkduen
a a
a a
b bb b bb
Fressen

Wiederkduen




Kau-Rhythmik

a a
Fressen
b
b Cc
C Wiederkduen
a a
a a
b bb b bb
Fressen

Wiederkduen




Ingestive mastication in horses resembles rumination but not
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Ingestive mastication in horses resembles rumination but not

ingestive mastication in cattle and camels .6 7001 2017;327:98- 109.
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LARGE PARTICLE BREAKDOWN BY CATTLE EATING
RYEGRASS AND ALFALFA

M. N.McLeod! and D. J. Minson!
J. Anim. Sci. 1988. 66:992—999
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Die wirklich spannende Frage st ...

... warum kauen Wiederkduer

so ‘nachlassig’ beim Partikel-
Fressen 2 ZLerkleinerung
ingestion

chew-monitoring halter pressure
changes

10 second steps



Die wirklich spannende Frage st ...

... warum kauen Wiederkduer

so ‘nachlassig’ beim Partikel-
Fressen @ ZLerkleinerung

ingestion

... wenn es nicht um
die Futteraufnahme
geht ¢

chew-monitoring halter pressure
changes

10 second steps
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Die wirklich spannende Frage ist ...

Wenn es um eine Optimierung der
Partikelzerkleinerung ginge, sollten
Wiederkauer schon beim Fressen den
rhythmischen/gleichmassigen
Kauschlag verwenden.




Ein zusatzlicher Vortell fur Wiederkduer ¢

Wiederkauer-Kau-Strategie:

Die Abriebs-intensiven gleichmassigen
Kauschlage erst anwenden, wenn der
Nahrungsbrei Iim Vormagen von Staub/
Erde freigewaschen wurde ¢




Ein zusatzlicher Vortell fur Wiederkduer ¢

Untangling the environmental from the
dietary: dust does not matter

Gildas Merceron', Anusha Ramdarshan’, Cécle Blondel,
Jean-Renaud Boisserie', Noél Brunetiere?, Arthur Francisco®, Denis Gautier®*,

Xavier Milhet?, Alice Novello® and Dimitri Pret’
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