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für Pflanzenfresser ist 
Futterzerkleinerung die 
Voraussetzung für 
Endothermie !

Kauen … ermöglicht hohe Futteraufnahme
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Alterseffekt auf Kauintensität
(aufgrund Molaren-Eruption)
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Zahnoptimierung I

Verlängerung der Kauleiste



from Souron et al. (2014)

Verlängerung des ‘Weisheitszahnes’ bei Schweinen



‘Molarisierung’ der ‘Prämolaren’ bei Equiden



Zahnabrieb



- ‘Härte’ der Nahrung (typische Vorstellung: Zweige, 
trockenes Brot)

- Abrasiva in/auf der Nahrung

- Zahn-Zahn-Kontakt => Kauen !

Wodurch werden Zähne abgerieben ?
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Vermeidung  von Zahn-Zahn-Kontakten
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Panzernashorn: Abrieb auf den vorderen Zähnen aufgrund der mahlenden Kaubewegung für
die Backenzähne

eine mechanische Herausforderung

Foto: Michelle Aimée Oesch
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Nage-Position

Crossley (2003)

Kau-Position

Das Kiefergelenk erlaubt verschiedene Stellungen: beim Mahlkauen bewegen sich die 
Vorderzähne hintereinander vorbei; zum Abbeissen wird der Unterkiefer vorgeschoben und beim
Abbeissen berühren sich die Backenzähne nicht (z.B. Kaninchen, Menschen)

Lösung I: verschiedene Kieferstellungen
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immer wachsende Zähne
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ABSTRACT Although patterns of tooth wear are crucial in palaeo‐reconstructions, and dental wear
abnormalities are important in veterinary medicine, experimental investigations on the relationship
between diet abrasiveness and tooth wear are rare. Here, we investigated the effect of four different
pelleted diets of increasing abrasiveness (due to both internal [phytoliths] and external abrasives
[sand]) or whole grass hay fed for 2 weeks each in random order to 16 rabbits (Oryctolagus
cuniculus) on incisor and premolar growth and wear, and incisor and cheek tooth length. Wear and
tooth length differed between diets, with significant effects of both internal and external abrasives.
While diet abrasiveness was linked to tooth length for all tooth positions, whole forage had an
additional effect on upper incisor length only. Tooth growth was strongly related to tooth wear and
differed correspondingly between diets and tooth positions. At 1.4–3.2mm/week, the growth of
cheek teeth measured in this study was higher than previously reported for rabbits. Dental
abnormalities were most distinct on the diet with sand. This study demonstrates that concepts of
constant tooth growth in rabbits requiring consistent wear are inappropriate, and that diet form
(whole vs. pelleted) does not necessarily affect cheek teeth. Irrespective of the strong effect of
external abrasives, internal abrasives have the potential to induce wear and hence exert selective
pressure in evolution. Detailed differences in wear effects between tooth positions allow inferences
about the mastication process. Elucidating feedback mechanisms that link growth to tooth‐specific
wear represents a promising area of future research. J. Exp. Zool. 321A:283–298, 2014. © 2014
Wiley Periodicals, Inc.
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Abstract

External quartz abrasives are one of the driving forces of macrowear in herbivorous

animals. We tested to what extent different sizes and concentrations influence their

effect on tooth wear. We fed seven pelleted diets varying only in quartz concentration

(0%, 4%, and 8%) and size (fine silt: ∼4 μm, coarse silt: ∼50 μm, fine sand: ∼130 μm) to

rabbits (Oryctolagus cuniculus, n = 16) for 2 weeks each in a randomized serial ex-

periment. Measurements to quantify wear and growth of incisors and the mandibular

first cheek tooth, as well as heights of all other cheek teeth, were performed using

calipers, endoscopic examination, and computed tomography scans before and after

each feeding period. Tooth growth showed a compensatory correlation with wear.

Absolute tooth height (ATH) and relative tooth height (RTH); relative to the 0% quartz

“control” diet) was generally lower on the higher concentration and the larger size of

abrasives. The effect was more pronounced on the maxillary teeth, on specific tooth

positions and the right jaw side. When offered the choice between different sizes of

abrasives, the rabbits favored the silt diets over the control and the fine sand diet; in a

second choice experiment with different diets, they selected a pelleted diet with

coarse‐grained sand, however. This study confirms the dose‐ and size‐dependent

wear effects of external abrasives, and that hypselodont teeth show compensatory

growth. The avoidance of wear did not seem a priority for animals with hypselodont

teeth, since the rabbits did not avoid diets inducing a certain degree of wear.

K E YWORD S

external abrasives, hypsodonty, macrowear, preference, quartz, rabbit

1 | INTRODUCTION

Continuously functioning teeth are a prerequisite for longevity

in herbivorous mammals, which is, among other factors, limited

by constant exposure to abrasion and attrition during the

interaction of feed and teeth (Janis & Fortelius, 1988). Strategies

of plasticity for continuing dental function have evolved to re-

spond to dental wear, as has been documented in diverse do-

mesticated populations of several mammalian species (Sánchez‐

Villagra, 2021).
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1  |  INTRODUC TION

Wild rabbits (Oryctolagus cuniculus) are very selective in their forag-
ing habits. They strive to feed on energy- dense soft grasses (Williams 

et al., 1974) keeping the necessary foraging activity brief to reduce 
the risk of predation (Bakker et al., 2005). If given a choice, pet rab-
bits opt for energy- dense pellets instead of roughage (Prebble & 
Meredith, 2014). As a consequence, they are prone to clinically 
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Abstract
Among the different factors thought to affect dental wear, dietary consistency is pos-
sibly the least investigated. To understand tooth wear of herbivorous animals consum-
ing different dietary consistencies with different abrasive potential, we fed 14 rabbits 
(Oryctolagus cuniculus) exclusively with a timothy grassmeal- based diet in either pel-
leted or extruded form, or the same diets with an addition of 5% fine sand abrasives 
(mean size 130 µm). First, we offered the rabbits the pelleted and extruded diets 
as well as the pelleted control and pelleted abrasive diet in a two- stage preference 
experiment. Then, the rabbits received each diet for 2 weeks in a randomised serial 
feeding experiment, where each animal served as its own control. Tooth measure-
ments for wear, growth and height were achieved using a manual calliper, endoscopic 
examination and CT scans. The analysis of the diets as fed showed almost identical 
mean particle size, but the extruded diet had a lower density (volume/mass) and softer 
consistency compared to the pelleted one and was favoured by most rabbits. The rab-
bits selected against the diet with sand during the preference experiment, possibly 
because it caused more tooth wear, especially on the teeth most exposed to wear 
along the upper tooth row (upper P4 and M1). The maxillary teeth also showed evi-
dence of an increased chewing laterality by the end of the experiment. The extruded 
diet led to a significantly lower cheek teeth height than the pelleted diet, potentially 
due to the higher chewing effort needed for a similar dry matter intake. The results 
suggest that dietary hardness alone is a poor predictor of dental wear. The regrowth 
of the teeth matched wear consistently.

K E Y W O R D S
abrasive properties, extrudates, pellets, preference, rabbits, tooth wear
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wear represents a promising area of future research. J. Exp. Zool. 321A:283–298, 2014. © 2014
Wiley Periodicals, Inc.
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Abstract

External quartz abrasives are one of the driving forces of macrowear in herbivorous

animals. We tested to what extent different sizes and concentrations influence their

effect on tooth wear. We fed seven pelleted diets varying only in quartz concentration

(0%, 4%, and 8%) and size (fine silt: ∼4 μm, coarse silt: ∼50 μm, fine sand: ∼130 μm) to

rabbits (Oryctolagus cuniculus, n = 16) for 2 weeks each in a randomized serial ex-

periment. Measurements to quantify wear and growth of incisors and the mandibular

first cheek tooth, as well as heights of all other cheek teeth, were performed using

calipers, endoscopic examination, and computed tomography scans before and after

each feeding period. Tooth growth showed a compensatory correlation with wear.

Absolute tooth height (ATH) and relative tooth height (RTH); relative to the 0% quartz

“control” diet) was generally lower on the higher concentration and the larger size of

abrasives. The effect was more pronounced on the maxillary teeth, on specific tooth

positions and the right jaw side. When offered the choice between different sizes of

abrasives, the rabbits favored the silt diets over the control and the fine sand diet; in a

second choice experiment with different diets, they selected a pelleted diet with

coarse‐grained sand, however. This study confirms the dose‐ and size‐dependent

wear effects of external abrasives, and that hypselodont teeth show compensatory

growth. The avoidance of wear did not seem a priority for animals with hypselodont

teeth, since the rabbits did not avoid diets inducing a certain degree of wear.

K E YWORD S

external abrasives, hypsodonty, macrowear, preference, quartz, rabbit

1 | INTRODUCTION

Continuously functioning teeth are a prerequisite for longevity

in herbivorous mammals, which is, among other factors, limited

by constant exposure to abrasion and attrition during the

interaction of feed and teeth (Janis & Fortelius, 1988). Strategies

of plasticity for continuing dental function have evolved to re-

spond to dental wear, as has been documented in diverse do-

mesticated populations of several mammalian species (Sánchez‐

Villagra, 2021).
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1  |  INTRODUC TION

Wild rabbits (Oryctolagus cuniculus) are very selective in their forag-
ing habits. They strive to feed on energy- dense soft grasses (Williams 

et al., 1974) keeping the necessary foraging activity brief to reduce 
the risk of predation (Bakker et al., 2005). If given a choice, pet rab-
bits opt for energy- dense pellets instead of roughage (Prebble & 
Meredith, 2014). As a consequence, they are prone to clinically 
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Abstract
Among the different factors thought to affect dental wear, dietary consistency is pos-
sibly the least investigated. To understand tooth wear of herbivorous animals consum-
ing different dietary consistencies with different abrasive potential, we fed 14 rabbits 
(Oryctolagus cuniculus) exclusively with a timothy grassmeal- based diet in either pel-
leted or extruded form, or the same diets with an addition of 5% fine sand abrasives 
(mean size 130 µm). First, we offered the rabbits the pelleted and extruded diets 
as well as the pelleted control and pelleted abrasive diet in a two- stage preference 
experiment. Then, the rabbits received each diet for 2 weeks in a randomised serial 
feeding experiment, where each animal served as its own control. Tooth measure-
ments for wear, growth and height were achieved using a manual calliper, endoscopic 
examination and CT scans. The analysis of the diets as fed showed almost identical 
mean particle size, but the extruded diet had a lower density (volume/mass) and softer 
consistency compared to the pelleted one and was favoured by most rabbits. The rab-
bits selected against the diet with sand during the preference experiment, possibly 
because it caused more tooth wear, especially on the teeth most exposed to wear 
along the upper tooth row (upper P4 and M1). The maxillary teeth also showed evi-
dence of an increased chewing laterality by the end of the experiment. The extruded 
diet led to a significantly lower cheek teeth height than the pelleted diet, potentially 
due to the higher chewing effort needed for a similar dry matter intake. The results 
suggest that dietary hardness alone is a poor predictor of dental wear. The regrowth 
of the teeth matched wear consistently.

K E Y W O R D S
abrasive properties, extrudates, pellets, preference, rabbits, tooth wear











Schneidezahn



Schneidezahn



Schneidezahn Backenzahn



Schneidezahn Backenzahn



Lesen hilft





















Zusammenfassung



Verdauung und Partikelgrösse

Zusammenfassung



Verdauung und Partikelgrösse

Zahnoptimierung: Kauleistenverlängerung

Zusammenfassung



Verdauung und Partikelgrösse

Zahnoptimierung: Kauleistenverlängerung

Zahnabrieb: intrinsische und extrinsische Faktoren

Zusammenfassung



Verdauung und Partikelgrösse

Zahnoptimierung: Kauleistenverlängerung

Zahnabrieb: intrinsische und extrinsische Faktoren

Zahnoptimierung: Vermeidung von Kontakten

Zusammenfassung



Verdauung und Partikelgrösse

Zahnoptimierung: Kauleistenverlängerung

Zahnabrieb: intrinsische und extrinsische Faktoren

Zahnoptimierung: Vermeidung von Kontakten
Zahnoptimierung: höhere Zahnkronen

Zusammenfassung



Verdauung und Partikelgrösse

Zahnoptimierung: Kauleistenverlängerung

Zahnabrieb: intrinsische und extrinsische Faktoren

Zahnoptimierung: Vermeidung von Kontakten
Zahnoptimierung: höhere Zahnkronen
Zahnoptimierung: kontinuierliches Wachstum 

Zusammenfassung



Verdauung und Partikelgrösse

Zahnoptimierung: Kauleistenverlängerung

Zahnabrieb: intrinsische und extrinsische Faktoren

Zahnoptimierung: Vermeidung von Kontakten
Zahnoptimierung: höhere Zahnkronen
Zahnoptimierung: kontinuierliches Wachstum 

Zusammenfassung

imme
r selb

er den
ken



Verdauung und Partikelgrösse

Zahnoptimierung: Kauleistenverlängerung

Zahnabrieb: intrinsische und extrinsische Faktoren

Zahnoptimierung: Vermeidung von Kontakten
Zahnoptimierung: höhere Zahnkronen
Zahnoptimierung: kontinuierliches Wachstum 

(Zahnabrieb im Zoo)

Zusammenfassung



vielen Dank für Ihre 
Aufmerksamkeit



Schluss-Exkurs:

Zahnabrieb im Zoo













=0

=1

=2
=3
=4








