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Question

How does diet abrasivness affect tooth
wear (in terms of tissue loss, mesowear,
3Dtexture)?




Initial plan

Expenmen’ral work with goatfs:

4 groups of 7 animals
- kept for 2 months each on a specific diet

- CTscans at start, middle, end (measure mesowear and
tissue loss)

- finally, teeth available for regular scoring incl. 3D texture
analysis

- measuring abrasives in diet, digestive fract segments,
faeces




History

1. Research Grant of University Zurich

experiment initiated in 2011

candidate left after 5 months of experiment for
permanent position

experiment had to be terminated after 6 months
lots of leftover food

2. Marie-Curie Fellowship

candidate could not start because offered a permanent
position during evaluation stage

application handed in as first project of candidate’s
permanent assignment, decision mid-June 2014

3. No grant but dedicated student

decision to add experiment with rabbits/guinea pigs




Doctoral student Jacqgueline MUller
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ABSTRACT Although patterns of tooth wear are crucial in palaco-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 lengthdiffered 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 upperincisor length only. Tooth growth was strongly related to tooth wear and
differed correspondingly between diets and tooth positions. At 1.4-3.2 mm/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.

1 Exp. Zool. How to cite this article: Miiller J, Clauss M, Codron D, Schulz E, Hummel J, Fortelius M, Kircher P,
3214283-295,  Hatt J-M. 2014. Growth and wear of incisor and cheek teeth in domestic rabbits (Oryctolagus
2014 cuniculus) fed diets of different abrasiveness. J. Exp. Zool. 321A2283-298.
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Diet design

Table 1. Composition of different complete pelleted diets (lucerne L grass G, grass and rice hulls GR, grassand rice hulls and sands GRS) and
grass hay (H).

L G GR GRS H
Ingredients
Lucemne meal (%) 60.0 - - - -
Grass meal (%) - 600 64.8 64.8 -
Rice hulls (%) - - 200 200 -
Sand* (%) - - - 50 -
Pure lignocellulose (%) 338 274 5.0 - -
Soybean meal (%) - 70 50 50 -
Molasses (3%) 30 30 3.0 30 -
Lignobond %) 20 20 20 20 -
Soy oil (%) 10 04 - - -
Mineral Mtamin premix Bo) 02 02 0.2 02 -
Dry matter (% as fed) 914 919 918 922 908
Nutrient composition (g/kg DM)

Total ash 79 64 75 130 104
Crude protein 102 20 97 85 109
aNDFom® 578 600 487 459 579
ADFom® 434 403 322 739 354
ADL® 131 110 74 65 52
Dry matter digestibility fo) 39.7+93 34381 412157 07+11 45.1+4.1

*Sand for playgrounds, grain size 0-1 mm, REDSUN garden products BV, Heljen, Denmark; mean pddesiumsuedlwdm analysis as dMEAN (Fritz
et al, 2012) of 0233 mm. : £ .

=aNDFom neutral detergent fiber, determined using amylase and ash corrected.
“ADFom acid detergent fiber, ash corected

“ADL acid detergent lignin ash corrected.

“ADIA acid detergent insoluble ash (a measure for abrasives).




Diet design

Table 1. Composition of different complete pelleted diets (lucerne L grass G, grass and rice hulls GR grassand rice hulls and sands GRS) and
grass hay (H).

L G GR GRS H

Clear difference in abrasives

| ADIA® 05 16 24 77 38




Diet design

Table 1. Composition of different complete pelleted diets (lucerne L grass G, grass and rice hulls GR, grassand rice hulls and sands GRS) and
grass hay (H).

L G GR GRS H

Clear difference in abrasives
but no defined quantification of abrasive size
abrasives size not a factor in the experiments
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Waywends ABSTRACT
Antidorcas marsupials, Antilocapes
amenicans, dental adaptation, evalution, 1. The evolution of high-crowned n:m or hypsodonty in herbivorous mammals
fecding s widely interpreted a5 2 e to increasingly

diets and environments at evolutionary time s:]ﬁ with internal ahmv:s (m
“Carespondence subar hytoliths i ) andior external or,

Submitied: 8 June 2011 causative factors. The mesowear score (MS) instead describes tooth wear experi-

et for e 3 At 2011 enced by individual animals during their lifetime.
L3 Revision accepted: 6 September 2011 2. Under the assumption that the abrasiveness that causes the MS in individuals is

AD'A 05 Editor: KH the same abrasiveness to which species adapted by evolving hypsodonty, one 77 w
‘would expect a close correlation between the MS and the hypsodonty index (HI).
= - - dot10.1111/,1365-2907.2011.00203.x Alteratively, if these two measures reflect different aspects of wear, one woukd

expect differences in the way that proxies of diet or environment/climate correlate
with each parameter.

3. In order 1o test these hypotheses, we collated a dataset on the HI, MS, percent-
age of grass in the natural diet (Ygrass), habitat (open, intermediate, closed) and
anmual precipitation (PREC) in extant mammalian herbivores. The availability of
2 quanitative MS constrained th datast 0 75 species. Data were anlysed with |
and without phylogenetic generalized least squares.

4. Correlations with PREC were stronger for HI than for MS, whereas correla-
tions with %grass were similar for HI and MS. Habitat had a significant influence
on the relationship with %grass for HI but not for MS. Habitat also had a signifi-
cant influence on the refationship between HI and MS. MS improved the predic-
tive power of HI for %grass, but not for PREC.
. .

of the diet (internal abrasives), HI represents an adaptation to 2 wear effect that
comprises both diet and environment (external abrasives). The additional envi-
ronmental wear effect must reduce tooth height without causing macroscopic
changes in tooth facet development as described by the MS.

E Mt Revow 43 (2013) 3446 © 2011 T Autrors. Marmt Revow © 2011 Marmesd SocktyBixkwetl Rskhing




Method

16 animals, 5 diets, each diet fed
for 2 weeks

burr marks on incisors and p3
(rabbits) — manual reading

measuring of food intake, faecal
excretion, fime required to eat 10 g
(rabbits)




Experiment rabbits




Experiment guinea pigs
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Method

CT scans after each diet period




Method

CT scans after each diet period
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mean yearly total precipitation of 810 mm and experiences a mean monthly temperature of
11.6°C (dnh from NOAA, IW‘) When these climatic data are used to calculate the Holdridge
(E/P) ratio (Holdridge, 1967) for each collection site,
ﬂw New Meucoamuhlb{ua nhool'l&';.-nd the Indiana area exhibits a ratio of 0.75. Both

show an ire water from the soil to the atmosphere;
however, the mn! of water {precipitation) available for the process of evapotranspiration in
New Mexico is only half that available in Indiana. Based on this criterion, the New Mexico
habitat presents a more severe water stress to M. . occultus than does the Indiana habitat to M.
1. lucifugus,

The greater urine concentrating ability of M. . occultus enables it to withstand better the
water stress resulting from the low relative humidity in its day roosts. Studier and Ewing (1971)
reported a velative humidity of less than 5% for the greater portion of the daylight hours in a
New Mexico roost of this hat, The day roosts of M. I, lucifugus would not present such a severe
witer stress because the relative humidity of the habitat In general is considerably higher,

The ability of M. I ltus to urine when denied water postprandially
further adapts this animal to its dry, habitat. By i urine ion when
denied water after feeding, these bats conserve water by reducing urinary water loss and thus
puth!ly oﬁ"rd du lack of wahl intake. In habitats occupied by occultus, animals often must fly
water source (as far as 16 km, D. Howell, pers, comm.).
Reducing urinary water Ioos after feeding would Mlp offset the increased pulmocutaneous water
loss incurred by bats flying long di during M. 1. lucif on the other hand,
oocurs in a habitat where water is more readily lv-lhble and this bat prefers to live near and
to forage over water. A hanism of water tion such as that shown by M. . oceultus
the adapted of M. I lucift to its
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A METHOD FOR DETERMINING GROWTH RATES IN
CONTINUOUSLY GROWING MOLARS

Is have rootless, continuously growing teeth, of which the best.
known examples are the Incisors of rodents. Similarly constructed Incisors have evolved in
several mammalian orders {Moeller, 1974). The development of continuous growth in molars is

N herk




Method

CT scans affer each diet period

(during final period, application of two fluorescence
markers)

Preservation of teeth at the end of experiment for
3Dtexture

(additional experiment in rabbits: switchover from diet
L to G and vice versq)






CT scans

2)




Histology (ongoing)
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Food intake / Body mass change
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Food intake / Abrasives intake
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Hypotheses |

Tooth growth compensates for wear; therefore we
expect tooth length to be relatively constant across
diets and growth fightly correlated with wear.

Nevertheless, differences in tfooth length between

diets, due to an incomplete compensation between
growth and wear, can be detected.



Hypotheses

Functional differences between incisors and cheek
teeth lead to different wear and growth on different
diets, i.e.

a)

o)

incisors are worn more heavily when feeding whole hay
that needs more gnawing as compared to pellets;

cheek teeth, with a chewing action more independent
from whether the diet is offered whole or pelleted, are
worn more heavily with increasing dietary abrasiveness;

external abrasives (sand) lead to a gradient in wear
along the maxillary cheek tooth row whereas increased
internal abrasives (phytoliths in rice hulls) do not lead to
such a gradient




Hypotheses lli

No hypothesis regarding differences between
maxillary and mandibulary teethl




Incisor length
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Incisor length
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Upper molar length
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Upper molar length
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Upper/Lower molar length
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Growth

constant wear
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variable wear
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Upper/lower incisor growth
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Lower premolar growth @
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Absolute growth ®

Study Method Diet Upper incisor Lower incisor Lower cheek teeth
Growth ~ Wear  Growth  Wear  Growth Wear
(Shadle, '36) Tooth mark nm 2.0 2.4
(Spannbrucker et al., '77) nm nm 2.1-2.3 2.1-2.3
g(c))lrel: E:lf:\l/"g,s%;ﬂd and Enamel staining nm 2.5 2.7 1.1-1.3
(Lobprise and Wiggs, '91) nm nm 2 24
(Wolf and Kamphues, '95) Tooth mark Carrots 1.68 1.61 1.64 1.45
Grass hay 1.74 1.65 1.82 1.61
Grain mix 1.39 1.21 1.25 1.14
Pellets 1.33 1.18 1.11 1.02
(Meredith, '07) nm nm 3 3 3 3 0.7 0.7
(Harcourt-Brown, '09) nm nm 2.0-2.4 2.0-2.4
(Lord, '11) nm nm 2.0-2.5 2.0-25 2025 2025 0.6-0.7
(Schumacher, '11) nm nm 0.5-0.7
(Jekl and Redrobe, '13) nm nm 2-4 2-4 2-4 2-4 0.7-0.93  0.7-0.93
this study Tooth mark' L 1.54 1.27 1.72 1.57 1.23
G 1.53 1.31 1.80 1.66 1.33
GR 1.57 1.34 2.00 1.84 1.33
GRS 1.98 1.68 2.09 1.90 4.47
H 2.39 2.52 242 2.02 1.27




Hypotheses | - confirmed

Tooth growth compensates for wear on the basis of
individual teeth; therefore we expect tooth length to
be relatively constant across diets and growth tightly
correlated with wear.

Nevertheless, differences in tooth length between
diets, due to an incomplete compensation between
growth and wear, can be detected.



Hypotheses | - confirmed

Tooth growth compensates for wear on the basis of
individual teeth; therefore we expect tooth length to
be relatively constant across diets and growth tightly
correlated with wear.

Nevertheless, differences in tooth length between
diets, due to an incomplete compensation between
growth and wear, can be detected.

There must be a tooth-specific feedback
mechanism probably using occlusion pressure as a
feedback signal. This sensor remains to be identified.




Hypotheses Il — mostly confirmed

Functional differences between incisors and cheek
teeth lead to different wear and growth on different
diets, i.e.

a)

o)

upper incisors are worn more heavily when feeding
whole hay that needs more gnawing as compared to
pellets;

cheek teeth, with a chewing action more independent
from whether the diet is offered whole or pelleted, are
worn more heavily with increasing dietary abrasiveness;

external abrasives (sand) lead to a | m wear
along the maxillary ch row whereas increased

internal phytoliths in rice hulls) do not lead to
Cch a gradient




Phytoliths abrade!
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Jorg Watzke’, David . Stait” and Anthony G Ains?
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The cheek teeth gradient
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Wear gradients on both intrinsic and extrinsic
abrasives.



The cheek teeth gradient
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Different wear gradients (depending on diet) IN THE
SAME INDIVIDUALS OF THE SAME SPECIES.

Wear gradients and functional grades in the diversification of the postcanine
tooth row in mammalian dentitions

Wighart v. Koenigswald
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Tooth wear in captive rhinoceroses (Diceros, Rhinoceros, Ceratotherium: Perissodactyla) differs from that
of free-ranging conspecifics

Lucy A. Taylor*2, Dennis W.H. Miiller*#, Christoph Schwitzer!, Thomas M. Kaiser®, Daryl Codron*®, Ellen Schulz®,

Marcus Clauss®’

Contributions to Zoology, 83 (2) 107-117 (2014)
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The cheek teeth gradient
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Hypotheses Ill - ad hoc explanation

No hypothesis regarding differences between
maxillary and mandibulary teethl
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Inverted pestle-and-mortar system:
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Hypotheses [V

B

Abnormal tfooth wear will occur more frequently with
excessive external abrasives (sand), and affect the
cheek teeth according to their position in the tooth
row (anterior ones more affected).

)

If ‘bridge formation’ of the cheek teeth is caused by
diets of low abrasiveness, the tooth angle of the
cheek teeth should be flatter on low-abrasion diefts
and steeper on high-abrasion diets.



Abnormalities rabbit

Waviness




Abnormalities rabbit

Tooth spurs




Abnormalities rabbit &

Tooth surface




Abnormalities rabbit

B

Tooth angle




Abnormalities guinea pig

W

http://www.ostseeschnuten.de/info/zahnprobleme.html



Abnormalities guinea pig L9

bridge formation
" means a lesser angle of
. the tooth surface



Abnormalities guinea pig L9
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bridge formation
means a lesser angle of
the tooth surface




Abnormalities guinea pig
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Abnormalities guinea pig )
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more abrasive diet does not lead to a steepr angle
less abrasive diet does not lead to shallower angle

no indication of bridge formation



Genetics

Malocclusion in inbred strain-2 weanling guineapigs

JOAN R. REST, TREVOR RICHARDS & SARAH E. BALL
Laboratory Animals (1982) 16, 84-87

The incidence of malocclusion was recorded for 4
years. The incidence was significantly reduced
(P > 0.001) by breeding from animals without
affected siblings: it is suggested that malocclusion in
this colony has a genetic basis.
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® Tooth problems in exotic pets =

Breeding hygiene probably more important
than the correct diet — because ‘good’ teeth

will adapt to basically any situation.



utlook |

)

3D texture analysis of different-diet teeth, incl.
tooth row gradients and maxillary-mandible-

gradient, and diet swi’rch experimen’r.
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8 Outlook I

2)

Determine growth rates for all teeth via
fluorescence microscopy.




Outlook |l

Analyse diets in vitro (chewing machine)

CHEWING MACHINE AND TOOTH WEARS
HOW PLANT MATERIALS AND GRIT AFFECT TEETH

KARME, RANNIKKO, BERTIN, CLAUSS, FORTELIUS
oF MeLsnxs, or ano. ALEXSIS SINKLFI, +358 40 739 Bz88




Outlook IV .

Evaluate goat CTs and teeth (mesowear, 3D
texture, actual tissue loss)

Lucerne hay only (dicot) Grass hay only (monocot)
=




Outlook IV .

Evaluate goat CTs and teeth (mesowear, 3D
texture, actual tissue loss)




Outlook V b 4

B

Setup experiment with rabbits, dwarf goats &
chewing machine.

More elaborate diets:

a) grass mowed daily — half fed fresh, half prepared as hay for
other feeding period

b) standard diet with two kind of abrasives (phytolith-size;
smaller)

c) how to manipulate ‘toughness’e ... ... ..
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Something else

discuss this first




