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Dental microwear texture (DMT) analysis is used to differentiate abrasive

dental wear patterns in many species fed different diets. Because DMT

parameters all describe the same surface, they are expected to correlate with

each other distinctively. Here, we explore the data range of, and correlations

between, DMT parameters to increase the understanding of how this group

of proxies records wear within and across species. The analysis was based

on subsets of previously published DMT analyses in guinea pigs, sheep,

and rabbits fed either a natural whole plant diet (lucerne, grass, bamboo)

or pelleted diets with or without added quartz abrasives (guinea pigs and

rabbits: up to 45 days, sheep: 17 months). The normalized DMT parameter

range (P4: 0.69 ± 0.25; M2: 0.83 ± 0.16) and correlation coefficients (P4:

0.50 ± 0.31; M2: 0.63 ± 0.31) increased along the tooth row in guinea pigs,

suggesting that strong correlations may be partially explained by data range.

A comparison between sheep and guinea pigs revealed a higher DMT data

range in sheep (0.93 ± 0.16; guinea pigs: 0.47 ± 0.29), but this did not

translate into more substantial correlation coefficients (sheep: 0.35 ± 0.28;

guinea pigs: 0.55 ± 0.32). Adding rabbits to an interspecies comparison of

low abrasive dental wear (pelleted lucerne diet), the softer enamel of the

hypselodont species showed a smaller data range for DMT parameters (guinea

pigs 0.49 ± 0.32, rabbit 0.19 ± 0.18, sheep 0.78 ± 0.22) but again slightly

higher correlations coefficients compared to the hypsodont teeth (guinea pigs
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0.55 ± 0.31, rabbits 0.56 ± 0.30, sheep 0.42 ± 0.27). The findings suggest

that the softer enamel of fast-replaced ever-growing hypselodont cheek teeth

shows a greater inherent wear trace consistency, whereas the harder enamel

of permanent and non-replaced enamel of hypsodont ruminant teeth records

less coherent wear patterns. Because consistent diets were used across taxa,

this effect cannot be ascribed to the random overwriting of individual wear

traces on the more durable hypsodont teeth. This matches literature reports

on reduced DMT pattern consistency on harder materials; possibly, individual

wear events become more random in nature on harder material. Given the

species-specific differences in enamel characteristics, the findings suggest a

certain species-specificity of DMT patterns.

KEYWORDS

dental microwear texture analysis, rodent, ruminant, phytolith, quartz abrasive,
feeding experiment

Introduction

Standardized experiments have recently been used to
explore the mechanics of abrasive dental wear and the various
proxies to record it (Schulz et al., 2013; Merceron et al.,
2016; Winkler et al., 2019; Ackermans et al., 2020; Louail
et al., 2021; Martin et al., 2022). The principal aim of those
studies is to supply information for the understanding of
evolutionary adaptations and to increase the precision of
paleodietary reconstructions. In vitro experiments on a single
tooth or enamel sample use a standardized approach to model
dental wear dependent on diet. Many diet samples can be
run in a short period, or one diet can be “chewed on” by
speeding up the chewing apparatus to simulate more extended
periods (Hua et al., 2015; Karme et al., 2016; Rodriguez-
Rojas et al., 2020; Fischer et al., 2022). This standardization,
however, oversimplifies a process that is dependent on the
physical properties of the dental tissues, tooth geometry [i.e.,
arrangement of enamel, dentine, and cementum (Winkler and
Kaiser, 2015)], tooth position along the tooth row and the
corresponding jaw (Taylor et al., 2016; Ramdarshan et al.,
2017), physical properties, and concentration of the abrasive
elements in the diet and biomechanical properties of the diet
matrix (Kaiser et al., 2016). Therefore, in vivo experiments better
represent the complex nature of abrasive tooth wear but are time
and labor intensive and must be ethically justified.

Whether the assay is in vitro or in vivo, the amount
of tissue lost to wear is inherently difficult to quantify. By
contrast, changes to the remaining tissue are comparatively
easier to record and are commonly assessed using macroscopic
or microscopic parameters serving as proxies for dental wear.
Dental microwear texture (DMT) analysis characterizes tooth
wear on a micrometer scale. It has been widely employed

in the study of dental wear in wild animals (Winkler et al.,
2016; Yamada et al., 2018; Schulz-Kornas et al., 2019; Robinet
et al., 2020) or fossil species (Donohue et al., 2013; Desantis,
2016) as well as in experimental settings (Schulz et al., 2013;
Merceron et al., 2016; Teaford et al., 2017; Winkler et al.,
2019, 2020a; Ackermans et al., 2020; Louail et al., 2021) and
has sometime shown a high intra- and interspecies variability
(Robinet et al., 2022). For DMT analysis (DMTA), a selected
enamel surface is scanned and described using up to 46 areal
surface texture parameters. Some of the parameters follow
international standards, e.g., the ISO 25178 and the ISO
12871. In contrast, other parameters home in on specific
geometric elements such as particular lines, points, or specific
scale-dependent features (such as motif, furrow, isotropy
parameters, and SSFA parameters). Following the ISO 25178
and MountainsMap R© Software reference guide, the areal surface
texture parameter can be grouped by their main characterizing
features (area, complexity, density, direction, height, peak
sharpness, plateau size, slope and volume; e.g., Winkler et al.
(2021) for further description) to ease the understanding
and facilitate the presentation of results. While all 46 DMT
parameters describe at least parts of the same surface and
should therefore correlate with each other (Ackermans et al.,
2021), the relationship between DMT parameters within and
between functional groups needs to be analyzed, to increase
the understanding how abrasive tooth wear is dependent on
species, tooth position, and abrasive elements, among many
other factors (Scott et al., 2006). Preliminary explorations of
the relationship between the DMT parameters in goats and
sheep (Schulz-Kornas et al., 2020; Ackermans et al., 2021) and
in rabbits (Martin et al., 2020) have led us to hypothesize
that the putatively softer enamel of hypselodont teeth—as
seen in Fischer et al. (2022) for rodent incisors and in
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Shakila et al. (2015) with a preliminary test in cheek teeth
in rabbits—should make the detection of interrelationships
between different wear proxies easier; a hypothesis also
supported by the observation that on soft material like cartilage,
more significant correlations between DMTA parameters were
evident (Tian et al., 2012; Wang et al., 2013) than on a hard
material like steel (Korzynski et al., 2018).

We used the skulls of three groups of guinea pigs (Cavia
porcellus) from feeding experiments focusing on the effect of
natural diets (lucerne, grass and bamboo) and different external
abrasives added to a pelleted diet on DMT analysis for this
study. The DMT data was reported previously (Winkler et al.,
2019, 2020b) for the effect of plant internal silica, the impact
of different shapes, sizes and quantities of external abrasives,
and a difference between tooth positions along the tooth row.
Because several identical pelleted diets had been used for a
feeding experiment in sheep (Ovis aries) (Ackermans et al.,
2021) and rabbits (Oryctolagus cuniculus) (Martin et al., 2020),
a direct comparison of the interrelationships among DMT
measures within each species was feasible. Using specific data
subsets, we hypothesize more DMT parameters correlations,
or, in other words, a more consistent tooth wear pattern, if
(a) the tooth position causes more intensive masticatory forces
and if (b) the substrate (enamel) is more malleable (“softer”)
(i.e., rodent vs. ruminant). Because one of the many reasons
for the emergence of correlations lies in the range of the data
submitted to correlation analysis, we do not only consider
correlation coefficients but also the (normalized) range of the
DMT measurements.

Materials and methods

The dental microwear texture (DMT) analysis datasets
were accumulated from feeding experiments approved by the
Cantonal Veterinary Office of Zurich (guinea pigs: license
no. ZH135/2016; sheep ZH10/2016; rabbits: ZH80/2012). The
guinea pigs were fed either a natural whole plant diet (lucerne,
grass or bamboo) or a pelleted formulation based on lucerne
meal with or without the addition of different external abrasive
agents (i.e., quartz in different amounts and grain sizes; see
Table 1 and Supplementary Table 1 for diet composition,
feeding time and body mass). In guinea pigs, each diet had
been fed for a period of three to 6 weeks, and for rabbits for
2 weeks; due to the fast turnover of the chewing surface of
these species’ hypselodont cheek teeth (Schulz et al., 2013), this
time is sufficient to ensure only traces of the respective diet are
recorded. The identical pelleted diets were used in sheep for
a feeding time of 17 months with the addition of lucerne hay
at a rate of 200 g as fed per animal and day. Additional data
were available from six rabbits that had also received a pelleted
lucerne diet for 2 weeks. Detailed experimental conditions,
including husbandry, feed management and descriptions, are
available in the corresponding original publications [guinea

pigs: Winkler et al. (2019), Winkler et al. (2020b); sheep:
Ackermans et al. (2020); rabbits: Müller et al. (2014)].

The above publications offer a detailed description of
the dental microwear texture analysis following the published
routine for DMT data in MountainsMap v.9.0.9878 (Schulz
et al., 2010, 2013) with adjustment for guinea pigs (Winkler et al.,
2019, 2020a, 2021). In short, the surface texture of a predefined
molar enamel area (guinea pigs 60 µm2, sheep 120 µm2, rabbits
40 µm2) is scanned using a high-resolution confocal disk-
scanning measurement system (µsurf custom, NanoFocus AG,
Oberhausen, Germany) at the LIB Hamburg (former Center of
Natural History (CeNak) of the University of Hamburg). From
the mean of 4 non-overlapping scans, forty-six surface texture
parameters (Supplementary Table 2) are quantified using the
ISO 25178 (roughness), motif, furrow, isotropy, ISO 12871
(flatness), and Scale- sensitive fractal analysis (SSFA). Only scans
from maxillary cheek teeth were included in the respective
datasets, and subsets are based on criteria for the respective
analysis.

Analysis

One reason for more significant non-parametric
correlations in a dataset might simply be a more extensive
range of parameter values. To account for this, we normalized
all DMT measurements in a dataset in which comparisons were
made (all guinea pig tooth positions within a diet category;
guinea pigs and sheep within the common diet category) to
a scale from 0–1 and expressed the range within each subset
(a tooth position; a species) as the difference between the
normalized maximum and minimum for each parameter.
Subsequently, each subset was characterized by the average
(± standard deviation SD) normalized range of all parameters.

Because many parameter measures were not normally
distributed, all correlations were assessed using non-parametric
correlation matrices (Supplementary Figure 1 for an example
plot); to further visualize these results, we show histograms
representing the distribution of the Spearman’s correlation
coefficients (from −1 to 1), and a boxplot of all absolute
Spearman’s correlation coefficients. Descriptive and test
statistics were conducted in R Studio (Version 1.3.1093) using
the packages tidyverse (Wickham et al., 2019), corrplot (Wei
and Simko, 2021) and ggplot (Wickham, 2016).

Datasets

The example plots that outline our approach were built
using all scans available for the guinea pigs (dataset A,
Table 1). To account for DMT differences between tooth
positions (Winkler et al., 2021), only guinea pigs for which
scans of each tooth position (P4 to M3) were available were
included in the actual analysis, and DMT parameter correlations
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TABLE 1 Overview of diet groups for which DMTA data was included
in the correlation analyses.

Species Diet Time on diet n Dataset

Guinea pigs No abrasives P 28–35 days 6 A B C D E

4% fine silt P 28–35 days 6 A B D

Kaolin P 28–35 days 6 A B

Loess P 28–35 days 6 A B

4% coarse silt P 28–35 days 6 A B D

4% fine sand P 28–35 days 6 A B D

8% fine silt P 45 days 6 A B D

Mixed abrasives P 45 days 6 A B

Fine sand P 45 days 6 A B

Volcanic ash small P 45 days 6 A B

Volcanic ash large P 45 days 6 A B

Fresh lucerne N 21 days 6 A B

Dry lucerne N 21 days 6 A B C

Fresh grass N 21 days 6 A B

Dry grass N 21 days 6 A B

Fresh bamboo N 21 days 6 A B

Dry baboo N 21 days 6 A B

Sheep* No abrasives P 17 months 7 D E

4% fine silt P 17 months 4 D

4% coarse silt P 17 months 5 D

4% fine sand P 17 months 7 D

8% fine sand P 17 months 5 D

Rabbits No abrasives P 14 days 3 E

P, pelleted lucerne based diet; N, natural whole leave diet.
*Additional 200 g of lucerne hay per animal per day. The different datasets were compiled
for all guinea pigs (A), guinea pigs for which all 4 tooth positions could be measured (B),
guinea pigs on natural or pelleted lucerne diet (C), sheep and guinea pigs on pelleted diets
with external abrasives (D) and sheep, guinea pigs and rabbits fed pelleted lucerne (E).

and ranges were compared between P4 and M2 (dataset B,
Table 1). Two groups of guinea pigs (6 animals per group)
had received low-abrasive lucerne diets but in a different
formulation (dried whole plant diet or dried and pelleted)
which allowed for a direct comparison of parameter ranges
and correlations (dataset C, Table 1). Some guinea pigs and
sheep received the same pelleted diet formulations with the
addition of external quartz abrasives [control (quartz free),
4% fine silt, 4% coarse silt, 4% fine sand, 8% fine silt],
facilitating an inter-species comparison (dataset D, Table 1).
Moreover, the rabbit DMT data was added from a pilot on DMT
correlations (Martin et al., 2020) to expand the interspecies
comparison of animals fed only a lucerne pellet diet (dataset E,
Table 1).

Results

In guinea pigs (dataset A), DMT parameters generally
correlated well with each other. For area, height, plateau
size, slope, peak sharpness, and volume, most parameters

correlated positively (or, in fewer cases, negatively) with each
other. The direction, density, and complexity parameters show
fewer significant correlations with other measures, evident in
the “lighter areas” of the triangular diagram (Supplementary
Figure 1 and Supplementary Table 3). The mean absolute
Spearman’s correlation coefficient was 0.53 ± 0.31.

Tooth positions (dataset B)

The normalized DMT data range based on all teeth was
lower for P4 (0.69 ± 0.25) than for M2 (0.83 ± 0.16; Figure 1A),
indicating more variance in DMT measures on the M2. For
all teeth, the mean absolute Spearman’s correlation coefficient
was 0.56 ± 0.31 (Figure 1B). Here again, the mean for P4
(0.50 ± 0.31) was lower than for the M2 (0.63 ± 0.31;
Figure 1B), which is also visible in the distribution of the
Spearman’s correlation coefficients (Figures 1D–F), indicating
more significant correlations in the tooth position with the
larger measurement range.

Diet consistency (dataset C)

Comparing two diet groups with six guinea pigs each, fed
either natural whole plant lucerne hay or pelleted lucerne,
the normalized DMT data range was smaller for the animals
receiving the natural diet (0.44 ± 0.32) than for those receiving
the pelleted diets (0.91 ± 0.13; Figure 2A). The mean absolute
Spearman’s correlation coefficient was 0.38 ± 0.27 for the
natural diets compared to 0.55 ± 0.31 for the pelleted diets
(Figure 2B), again indicating more significant correlations in
the diet consistency with the larger measurement range.

Species comparison of external
abrasive diets (dataset D)

When comparing two data subsets of animals fed identical
pelleted diets with added abrasives (i.e., quartz) across all tooth
positions, the measurement range for DMT in sheep was higher
(0.93 ± 0.16) than in guinea pigs (0.47 ± 0.29; Figure 3A). But
this did not translate into a more robust correlation pattern,
with a mean absolute Spearman’s correlation coefficient of
0.35 ± 0.28 for sheep compared to 0.55 ± 0.32 for the guinea
pigs (Figures 3B–F).

Species comparison lucerne diets
(dataset E)

The normalized data range for rabbits fed a lucerne based
pelleted diet was small compared to the guinea pigs and the
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FIGURE 1

Analysis of DMT parameters for guinea pigs fed different natural (lucerne, grass, bamboo) and pelleted diets with additional external abrasives
(dataset B). The data is presented as a summary for all teeth (P4-M3, 228 scans) and separately for P4 (57 scans) and M2 (57 scans). The
normalized data range and the Spearman’s correlations coefficients are given as boxplots (A,B). The Spearman’s correlation of the DMT
parameters is also shown as a correlation matrix (C–E) and a histogram (F–H).

sheep that had received the same diet (rabbit 0.19 ± 0.18, guinea
pigs 0.49 ± 0.32, sheep 0.78 ± 0.22, Figure 4A). However,
the correlation pattern was still more robust in the rabbits and
guinea pigs (rabbits 0.56 ± 0.30, guinea pigs 0.55 ± 0.31) than
in the sheep (sheep 0.42 ± 0.27, Figures 4B–H).

Discussion

The present study confirms the well-known fact that
DMT parameters correlate among each other (Martin et al.,
2020; Ackermans et al., 2021). Due to the nature of DMT

parameters, which are applied on the same surface and are
partially calculated from, or complementary to, each other, this
finding in itself is not surprising (International Organization For
Standardization, 2012). Therefore, correlations between DMT
parameters are rarely reported and re-examined. Due to these
interdependencies and the implied redundancy of information
when reporting all parameters, some studies only report “key”
parameters. These are selected based on various criteria, e.g.,
by robust but complex statistical approaches (Calandra et al.,
2012), often justified and defined as reporting the parameters
which have the most significant and stable relations to the
anticipated functionalities (Tian et al., 2012). Other studies
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FIGURE 2

Analysis of DMT parameters for guinea pigs fed a lucerne diet either as whole plant hay or as a pelleted diet for P4 to M3 (dataset C). The data is
presented as a summary for all teeth (24 scans for natural diet, 22 scans for pelleted diet. For two animals on the pelleted diet M3 could not be
measured). The normalized data range and the Spearman’s correlation coefficients are given as boxplots (A,B). The Spearman’s correlation of
the DMT parameters is also shown as a correlation matrix (C,D) and a histogram (E,F).
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FIGURE 3

Analysis of DMT parameters for guinea pigs (96 scans) and sheep (78 scans) fed a lucerne based pelleted diet with or without external quartz
abrasives (diet groups: control, 4% fine silt, 4% coarse silt, 4% fine sand, 8% fine silt; dataset D). The normalized data range and the Spearman’s
correlation coefficients are given as boxplots (A,B). The Spearman’s correlation of the DMT parameters is also shown as a correlation matrix
(C,D) and a histogram (E,F).
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FIGURE 4

Analysis of DMT parameters for guinea pigs (22 scans), sheep (19 scans) and rabbits (6 scans) fed a lucerne based pelleted diet (without any
abrasive added; dataset E). The normalized data range and the Spearman’s correlation coefficients are given as boxplots (A,B). The Spearman’s
correlation of the DMT parameters is also shown as a correlation matrix (C–E) and a histogram (F–H).

considered most representative and independent parameters
(Martisius et al., 2018), or applied factor analysis to reduce the
large number of parameters to put them in a common score
(Stuhlträger et al., 2019) or did a review on how commonly
they have previously been reported in the DMT literature
(Winkler et al., 2020b). Louail et al. (2021) combined 25
DMT parameters into a principal component as an approach
to summarize DMT for a comparison between two chewing
phase surfaces. Another way to summarize DMT results,
“key” parameters could be defined as those that render other
parameters superfluous due to consistent correlations—ideally,

regardless of tooth position, diet, or species. However, the
present study suggest that all these factors influence how
well DMT parameters correlate with each other, or, in other
words, how inherently consistent the DMT description of
a surface is.

Methodological constraints

Constraints of our study were mainly the size differences
between the DMT scan windows, and that the sheep received
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additional lucerne hay (200 g per animal per day) to fulfill
their physiological diet requirements which might have had a
polishing effect on otherwise more consistent DMT patterns
(Ackermans et al., 2020). At present, we cannot rule out that
the observed differences between the small mammals and the
sheep were due to the larger scan windows investigated in
the latter. If there was no random component that makes
DMT wear patterns inherently inconsistent, then the size of
the window should play no role. It should also play no role
if a random component made a scale-independent, constant
contribution to DMT patterns because a larger window would,
in that scenario, just mean a larger number of both inherently
consistent and inherently inconsistent wear elements. On the
contrary, if we assume that a larger scan window increases the
chance of detecting a more extensive range of DMT signals
(Ramdarshan et al., 2017), we might expect more significant
correlations among the DMT parameters due to these larger
scan windows, not less. Future studies in guinea pigs and rabbits
could further investigate the effect of different scan windows on
DMT patterns.

The assumption that larger measurement ranges are more
likely to yield significant parameter correlations seemed to
hold within the guinea pig results. In the tooth position
comparison (Figure 1) and the diet comparison (Figure 2),
the group with the larger mean measurement range also
had the higher mean correlation coefficient. This makes the
inter-specific comparisons even more remarkable, where the
species with the largest measurement range, the sheep, had
less significant correlations between parameters (Figure 3). By
carefully selecting teeth of animal groups that differed mainly in
only one specific factor, such as tooth position (in the same set
of animals), diet type across similar-sized groups of animals, or
species across individuals that received similar diets, our analysis
provides evidence that these factors do influence the inherent
consistency of the wear pattern.

Dental microwear texture data range
across the diet groups

Based on macroscopic measurements, it is well known
that tooth wear affects individual tooth positions differently
(Clauss et al., 2007; Laws, 2008; Müller et al., 2014, 2015; Martin
et al., 2020, 2022), either due to the way the abrasives elements
are distributed during chewing, the occlusal force along the
jaw, the morphology of the occlusal surface, or the ontogenetic
difference in the time the teeth are subjected to wear due
to their eruption sequence. The same has been explored for
microscopic wear along the tooth row: no gradient could be
shown in ruminating species such as sheep (Ramdarshan et al.,
2017; Ackermans et al., 2020) and blue wildebeest (Schulz
et al., 2010), most likely due to the bidirectional chewing
process while ruminating. By contrast, a microwear gradient

could be identified using DMTA in several crocodilians and
varanid species (Bestwick et al., 2021) as well as in Grevyi
zebras [Equus grevyi, (Schulz et al., 2010), rabbits (Martin
et al., 2020) and guinea pigs (Winkler et al., 2021)]. The
biomechanical properties of all the diets used in Winkler et al.
(2021) and this study were undoubtedly very different: some
animals received natural whole plant diets containing different
amounts of phytoliths (up to 3.25% of acid detergent insoluble
ash, a proxy for silica, in dry matter of bamboo); other lucerne
based pellets with different size quartz abrasives (up to 8%
fine silt for 8sS). After feeding on a pelleted diet, several DMT
parameters in guinea pigs showed an increasing abrasive signal
along the maxillary tooth row. Here, we show that the DMT
data range across the diet groups is also higher on M2 compared
to P4 and the concomitant correlation pattern is more robust
with a higher mean correlation. The abrasive gradient seems
to be represented not only in a few selected parameters and
visual overview as seen in Winkler et al. (2021) but also in
the overall DMT signal summarized as a mean correlation
coefficient. Correlation patterns could be more efficient to
recognize tooth wear gradients and mechanical changes in
the chewing process than looking at each DMT parameter
individually. The explanation for the more pronounced patterns
in M2 compared to P4 may lie in the higher chewing forces
that apply closer to the mandibular joint (Watson et al., 2014;
Taylor et al., 2016). The M2 has a broader measurement range
(Figure 1), implying that the higher chewing forces do not only
lead to more distinct wear features but also a higher number of
very mild wear traces, possibly caused by diet components that
would not leave any trace at lower chewing forces.

We did not have enough data points to compare the gradient
of the correlation pattern for individual diet groups. Still, we
found a marked difference in correlation patterns between
the natural and the pelleted diets when comparing the DMT
across all teeth. Although consisting of the same material
(dried lucerne), the pelleted diets most likely have a harder
consistency than the whole dried plants. Additionally, whole
plant processing most likely depends more on gnawing particle
size reduction by the incisors prior to grinding by the cheek
teeth, giving the material that reaches the cheek teeth a certain
homogeneity that likely does not lead to particularly distinct
wear traces. By contrast, pellets are crushed on the cheek teeth
(Weijs and Dantuma, 1981), resulting in a large variety of wear
traces, with larger DMT measurement ranges and more DMT
correlations.

Dental microwear texture parameter
correlations between and within
different species

Comparing the correlation of DMT measured in sheep
after a 17-month feeding experiment with the results in guinea
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pigs fed the identical pelleted diets for 28–45 days, we show
a clear difference between these species. DMT data in sheep
was distributed over a more extensive data range, but DMT
parameters correlate stronger and more consistently in the
guinea pigs. The original sheep study reported solid correlations
within the functional groups for height and volume parameters
(Ackermans et al., 2021). Yet these correlations seem small
compared to the intra- and intergroup correlations seen in
guinea pigs (see Supplementary Tables 3, 4). This difference
cannot be attributed to the feeding time difference, as microwear
is thought to be an effect of a few tooth diet interactions (Teaford
and Oyen, 1989) with a turnover rate of around 2 weeks in
rats (Rattus norvegicus), for example (Winkler et al., 2020a).
To further elucidate interspecies differences and avoid bias
by looking only at highly abrasive diets, we compared sheep,
guinea pigs, and rabbits fed a low-abrasive diet consisting of
pelleted lucerne only. The normalized data range was again
greater in sheep than in guinea pigs, while the small sample
size can explain the narrow range in rabbits. Nevertheless, the
correlations were again better in the hypselodont species.

In ruminant teeth, the chewing surface is not replaced
anywhere near as expeditiously as in animals with hypselodont
cheek teeth. Under natural feeding conditions in free-ranging
animals, we expect the ruminant chewing surface to still display
wear traces of diet items ingested a long time ago (Solounias
et al., 1994; Damuth and Janis, 2014), which have not been
overwritten entirely yet. However, in the present study, this
effect was excluded due to the prolonged time the sheep
received a consistent diet. Hence, another factor than the slow
replacement of the chewing surface must be evoked to explain
our findings. We hypothesize that the main driver for the
more stable DMT correlations in guinea pigs is the supposedly
softer enamel of species with hypselodont dentition (Shakila
et al., 2015; Fischer et al., 2022). For the harder ruminant
enamel, we hypothesize that wear trace formation is subject to
a greater degree of randomness at the microscopic level due
to the many factors involved in forming DMT wear traces.
These factors include the volume of diet material between the
teeth during a chewing stroke, the exact position of the abrasive
components in the diet matrix, or the forces during a particular
chewing stroke (Kaiser et al., 2016). The less malleable the trace-
bearing surface, the more inconsistency in the recorded wear
patterns of a specific diet is the apparent consequence. Again,
this finding warns against considering tooth wear a taxon-free
signal (Fischer et al., 2022), and suggests that understanding
the formation of a single wear trace will remain a particular
challenge (Van Casteren et al., 2020).

Conclusion

In guinea pigs, we demonstrate a stable correlation pattern
of DMT parameters dependent on biomechanical properties

of the diet and tooth position. Interspecies comparisons show
that regardless of abrasive source, DMT in hypselodont species
shows a narrower data range and more robust correlation
patterns. We propose that the correlation pattern is stronger
when the abrasive wear increases on a particular tooth
position or because of a higher abrasive diet, and when
the tooth wear is measured in softer enamel. Based on the
correlations pattern shown here, key DMT parameters can
be identified in DMT datasets but require at least a diet
consistency and diet abrasiveness, and a species or taxon-
specific approach taking into consideration different chewing
mechanisms and dental anatomy.
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