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Abstract.

The Serra do Mar Atlantic forest (Brazil) shelters about 15different species of caviomorph
rodents and thus represents a unique opportunity to explore resource partitioning. We studied
12 species with distinct diets using dental microwear texture analysis (DMTA). Our results
revealed differences (complexity, textural fill volume, and heterogeneity of complexity)
among species with different dietary preferences, and among taxa sharing the same primary
dietary components but not those with similar secondary dietary preferences (heterogeneity of
complexity). We found three main dietary tendencies characterized by distinct physical
properties: consumers of young leaves had low complexity; bamboo specialists, fruit and seed
eaters, and omnivorous species, had intermediate values for complexity; grass, leaf, and
aquatic vegetation consumers, had highly complex dental microwear texture. Dietary
preferences and body mass explained a major part of the resource partitioning that
presumably enables coexistence of these species. DMTA was useful in assessing what foods
contributed to resource partitioning in caviomorphs. Our database for extant caviomorph
rodents is a prerequisite for interpretation of dental microwear texture of extinct caviomorph
taxa, and thus for reconstructing their diets and better understanding the resource partitioning

in paleocommunities and its role in the successful evolutionary history of this rodent group.

Key-words: ecology, microwear, resource partitioning, rodent, Serra do Mar

Resumen.
La Selva Atlantica de la Serra do Mar (Brasil) contiene aproximadamente 15 especies de
roedores caviomorfos y por lo tanto representa un entorno Uinico para explorar la particion de

recursos. Estudiamos 12 especies con dietas distintas usando andlisis de textura de
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microdesgaste dental (DMTA). Nuestros resultados revelaron diferencias (complejidad,
volumen de relleno de la textura, y heterogeneidad de complejidad) entre especies con
distintas preferencias dietarias, y entre taxones que comparten la misma preferencia dietaria
primaria pero no la misma preferencia dietaria secundaria (heterogeneidad de complejidad).
Destacaron tres tendencias dietarias principales, caracterizadas por sus distintas propiedades
fisicas: los consumidores de brotes y hojas blandas tienen baja complejidad; los especialistas
en bambi, consumidores de frutos y semillas, y especies omnivoras tienen valores
intermedios de complejidad; los consumidores de pastos, hojas y de vegetacion acudtica
tienen texturas de microdesgaste dental sumamente complejas. Las preferencias dietarias y la
masa corporal explican una parte importante de la particion de los recursos que
presumiblemente permite la coexistencia de especies en la Mata Atlantica de la Serra do Mar.
El DMTA es util para evaluar que preferencias dietarias contribuyeron en la particion de los
recursos en los caviomorfos. Nuestra base de datos sobre roedores caviomorfos actualmente
existentes es un prerrequisito para la interpretacion de la textura del microdesgaste dental en
taxones de caviomorfos extintos y, por lo tanto para asi reconstruir sus dietas y lograr una
mejor comprension de la particion de recursos en las paleocomunidades y su rol en la historia

evolutiva exitosa de este grupo de roedores.

Palabras clave: ecologia, microdesgaste, particion de recursos, roedor, Serra do Mar
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INTRODUCTION

Rodents are the most diverse and speciose group of placental mammals (Wilson and
Reeder 2005; Burgin et al. 2018). A large portion of placental diversity is comprised of
hystricognathous rodents from South America: the caviomorphs (Caviomorpha Wood
1955).The fossil record for caviomorphs extends back to the late middle Eocene (Antoine et
al. 2012; Boivin et al. 2017) and exhibits at least 40 million years of endemic evolution on the
South American continent. During this period, several adaptive radiations contributed to the
emergence and structuration of caviomorph communities that can be observed today (e.g.,
Boivin et al. 2019).Caviomorphs display great taxonomic diversity (four superfamilies and
ten families; Lacher et al. 2016), and are found in diverse environments (Patton et al. 2015;
Wilson et al. 2016). The diversity of ecological conditions encountered by this group is
associated with a diversity of morphological adaptations. Indeed, caviomorphs vary in body
size from about 100g to 65kg (Patton et al. 2015; Wilson et al. 2016), display distinct activity
patterns and life modes (Patton et al. 2015; Wilson et al. 2016),and exhibit different
locomotor behaviors (Wilson and Geiger 2015). This diversity of life history traits is reflected
in differential exploitation of resources (see Townsend and Croft 2008, and references
therein).Today, the greatest species richness of caviomorphs is observed in Amazonia and the
Atlantic forest, where 12 to 19 species may co-occur (Upham and Patterson 2015). These
sympatric species provide an opportunity to explore resource partitioning among rodents
sharing a unique habitat.

Herbivory seems to be a common feeding strategy for caviomorphs, although consumption
of insects is important in some species (Mares and Ojeda 1982; Henry 1999).Over the past
four decades, dental microwear analysis has been applied to various extant mammals as a
means to detect dietary variation among populations (Rensberger 1973; Walker et al. 1978;
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91  Ramdarshan et al. 2011). It has been used in extinct species to infer diets (Covert and Kay

92 1981; Solounias et al. 1988; Merceron et al. 2004). The objective of this approach is to

93 interpret scars produced during mastication on the enamel surface of the tooth. Abrasion of

94  the enamel depends directly on physical properties of the food consumed (Calandra and

95  Merceron 2016), although exogenous grit is another factor that may affect dental microwear

96  formation (Silcox and Teaford 2002; Scott 2012; Karme et al. 2016). Although dental

97  microwear has been shown to reflect mostly dietary habits, the degree to which the

98  environment contributes to the signal is unclear (Sanson et al. 2007; Lucas et al. 2013). In

99  rodents, differences have been found among populations from distinct environments, but
100  those differences were ultimately explained by the availability of different food items rather
101 than environmental exogenous grit (Burgman et al. 2016). While 2D microwear analysis has
102 been performed on caviomorph rodents (Townsend and Croft 2008), no analysis has been
103 performed at the community or assemblage level scale for caviomorphs as has been done for
104  platyrrhine primates (Ramdarshan et al.2011) and ungulates (Merceron et al. 2014).
105 Dental microwear texture analysis (DMTA) is based on the automatic quantification of 3D
106  surfaces through a scale sensitive fractal analysis (Ungar et al. 2003; Scott et al. 2005, 2006).
107 It considerably reduces the intra- and inter-observer error(DeSantis et al. 2013)and has proven
108 to be effective at detecting intra- and interspecific variation in diet for both extant and extinct
109  species (Merceron et al. 2010, 2016a, 2018a; Percher et al. 2017; Berlioz et al. 2017, 2018;
110  Blondel et al. 2018), including rodents (Belmaker 2018). Studies on captive animals have
111 identified food properties producing dental microwear etiology (Ramdarshan et al. 2016,
112 2017; Merceron et al. 2016b, 2018b; Francisco et al. 2018; Teaford et al. 2018). The most
113 important properties for microwear texture formation seem to be hardness, toughness, and
114  abrasiveness (Calandra and Merceron 2016). A complex microwear texture is linked to food

115 hardness, while the anisotropy of microwear texture (i.e., its orientation) generally relates to
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degree of toughness and abrasiveness (review by Ungar 2015). Heterogeneity of complexity
is related to the diversity of food items that an individual consumes on a daily basis (Scott et
al. 2012;Souron et al. 2015): species with a low diversity of consumed food are expected to
have a lower heterogeneity than opportunistic species.

Few DMTA studies have been conducted on rodents (murids: Burgman et al. 2016; voles:
Calandra et al. 2016; guinea pigs: Winkler et al. 2019). DMTA provides information about
food properties, but the dietary interpretations depend on the studied taxon. Thus, it is
important to establish a reference dataset for DMTA in caviomorphs. Here, we explore the
dietary preferences of several sympatric species of caviomorph rodents from the Atlantic
forest through DMTA. To test the dietary preferences across the 12 studied taxa, we clustered
them into seven dietary categories based on their primary diet components. Specifically, we
tested 1 )whether dental microwear textures differ among diets across caviomorph species; and
2) whether differences in dental microwear texture appear in taxa sharing the same primary
diet. We focused on species sampled within the same ecoregion, hence did not analyze the
effect of different environments on microwear texture. Because body mass is associated with
ecological segregation among rodents (Bowers and Brown 1982), we analyzed resource
exploitation in light of this factor. We established a comparative dataset of wild caviomorphs
based on DMTA. Further, we explored interspecific segregation, assessed the importance of
dietary preferences in an assemblage of wild caviomorphs, and determined if dental
microwear texture can be used as a proxy for dietary preferences and food resource

exploitation in extinct caviomorph taxa, and thus for describing past communities.

MATERIALS AND METHODS

6
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We studied specimens of 12 species in eight genera of wild caviomorph rodents from the
Serra do Mar coastal forest ecoregion (World Wildlife Fund [WWF] for Nature sensu IBGE
1993; Olson et al. 2001) housed in the collection of the Museu Nacional do Universidad
Federal do Rio de Janeiro (MN-UFRYJ) in Brazil (Table 1; Appendix I). The Serra do Mar
Atlantic forest (SDMAY), within the Atlantic forest biogeographic province (Cabrera and
Willink 1973) on the southeastern coast of Brazil (Fig. 1), is recognized as a major
biodiversity and endemism hotspot in South America (Myers et al. 2000; Galindo-Leal and
Camara 2003). The environment is composed mainly of moist forest with four strata of
vegetation and trees reaching heights of 30m (Veloso et al. 1991). The SDMAf has a
subtropical climate (Mantovani 1993). All specimens came from the states of Rio de Janeiro
and Sao Paulo (Fig. 1) and were collected between 1916 and 2013.

We studied the Caviidae, Cavia aperea and Hydrochoerus hydrochaeris; Dasyprocta
leporina (Dasyproctidae), Coendou spinosus (Erethizontidae); and the Echimyidae,
Euryzygomatomys spinosus, Kannabateomys amblyonyx, Trinomys dimidiatus, T. eliasi, T.
gratiosus, T. iheringi, Phyllomys pattoni, and P. nigrispinus. Ecological and dietary data were
compiled from the literature, including field observations and ethological reports, fecal
analyses, and stomach content of wild specimens. Some taxa, such as Phyllomys nigrispinus
and Trinomys eliasi, are poorly known and complete dietary data are lacking. In these cases,
we expected that DMTA would provide clues to the resources they consume. We recognized
seven dietary categories based on the primary diet component: aquatic vegetation, bamboo,
grass, fruit-seed, leaf, leaf-insect, and young leaf (for detailed descriptions of the dietary
categories see Supplementary Data SD1). Ecological data, body mass estimates, as well as
assigned dietary categories, and sources for each species, are summarized in Table 1.

We studied the first upper molar because it is diagnostic in rodents (Gomes Rodrigues

et al. 2009; Firmat et al. 2010; Oliver et al. 2014). After cleaning teeth with acetone-soaked
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cotton swabs, dental impressions were made with a silicone material (polyvinyl siloxane
ISO 4823, President Regular Body, Colténe-Whaledent Corporation). We studied primarily
the mesiolingual aspect of the protocone (Fig. 2). However, if the protocone surface
showed signs of alteration or presence of organic matter or glue, the mesiolingual part of
the hypocone was studied because those facets are parallel to each other, are located on the
same side of the occlusal surface, and share the same function during mastication(Butler
1980). Scans were made directly from the silicon molds with the “TRIDENT” Leica
DCMS8 white-light scanning confocal microscope (Leica Microsystems) with a 100x long-
distance lens (Numerical Aperture = 0.90; working distance = 0.9 mm), housed at the
PALEVOPRIM laboratory (Université de Poitiers).Scanning protocol, pre-treatment, and
analysis on 50x50 scans, followed procedures described in Supplementary Data (SD2; Fig.
2A).

Scale Sensitive Fractal Analysis (SSFA; Scott et al. 2006) was performed on the
selected enamel surface with the Toothfrax and Sfrax software programs (Surfract
Corporation, Norwich, Vermont, USA) to quantify complexity (area scale of fractal
complexity: Asfc), anisotropy (exact proportion of length scale anisotropy of relief:
epLsar), heterogeneity of complexity (heterogeneity of the area scale of fractal complexity
between sub-surfaces from a given surface: HAsfc), and textural fill volume (Tfv). HAsfc
was calculated with four (HAsfc4), nine (HAsfc9) and 16 (HAsfc16) sub-surfaces
(Supplementary Data SD3). Scott et al.(2006) described each of these variables in detail.

All statistical analyses were performed in R (R Development Core Team, 2018). A Box-
Cox transformation (Box and Cox 1964) was used to assure normality for the parametric
tests. Multivariate normality was evaluated with Mardia’s test statistic (package “MVN”
for R); univariate normality was assessed with the Shapiro-Wilk test. A MANOVA

(MANOVA; package “Car” for R) was used to determine if dietary categories share a
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similar dental microwear pattern. Subsequently, a one-way ANOVA (package “Car”) was
used on each variable to test the hypothesis that different groups share similar dental
microwear texture parameters. The P—value was adjusted following the B-Y method
(Benjamini and Yekutieli 2001) in order to control the risk false discovery. In the first
analysis we compared taxa across dietary categories for all samples. Next, we compared
taxa within the “fruit-seed” category and taxa within the “leaf” category. If the overall
ANOVA was significant, we used both Tukey’s honestly significant difference test (HSD)
and Fisher’s least significant difference (LSD) pairwise tests to determine exactly where
the differences were. We used both tests in an effort to balance risks of type I and type II
errors (Cook and Farewell 1996). When the LSD test detected significant differences but
the HSD did not, we considered the results to be marginally significant (Burgman et al.
2016). The same MANOVA, ANOVA, and a posteriori tests were performed following a
Levene transformation of the data (see Plavcan and Cope 2001) to analyze the dispersion

of sample values within and between diet categories.

RESULTS

Mean, median, and standard deviation, were calculated for each dental microwear texture
parameter by species (Table 2). Both MANOVAs on Box-Cox transformed data (d.f-=6,
P<0.001) and on Levene’s transformed data (d.f. = 6, P<0.005) suggested differences in
dental microwear texture depending on dietary categories.

Means of complexity (Asfc) and textural fill volume (Tfv) differed significantly
between dietary groups (ANOVAs, Table 3A) but not between taxa within dietary groups
(ANOVAs, Table 4A). Variance of textural fill volume (Tfv) differed significantly

between taxa within "fruit-seed" eaters group (Table 4B). In addition, means of
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heterogeneity (HAsfc16) differed significantly between dietary groups (Table 3A) and also
marginally (HAsfc9 and HAsfc16) between taxa within "fruit-seed" eaters group (Table
4A). The variance of heterogeneity differed significantly among dietary groups (HAsfc16;
Table 3B) and between taxa within "fruit-seed" eaters group (HAsfc4; Table 4B).
Anisotropy was not significantly different among dietary groups or taxa (Tables 2, 3, and
4). The results of the post-hoc tests indicate that complexity (Asfc) is the variable that
differs most among groups (Table 5; Fig. 3A).

“Young leaf” eaters were characterized by significantly low complexity and lower
values of textural fill volume (Figs. 3A and 3E) and were associated with significantly
larger variances for textural fill volume compared to “aquatic vegetation” and “leaf-insect”
eaters (Table 5B). “Bamboo” eaters had marginally higher complexity than “young leaf”
eaters and were not different from “fruit-seed” eaters (Fig. 3). “Bamboo,”*fruit-seed,” and
“leaf-insect” eaters had significantly lower complexity than those classified as “grass,”
“aquatic vegetation,” and “leaf” eaters (Fig. 3A). “Leaf-insect” eaters had marginally
higher textural fill volumes than “bamboo” and “fruit-seed” eaters (Figs. 3E and 4D).
Among “fruit-seed” eaters, heterogeneity (HAsfc9 and HAsfc16) was marginally different
between Dasyprocta leporina and three of the four species of the genus Trinomys (7.
dimidiatus, T. eliasi, and T. gratiosus; Fig. 4C).The values of heterogeneity (HAsfc4) in D.
leporina and T.eliasi samples were significantly more dispersed than those in 7.

99¢¢

dimidiatus, T. gratiosus, and T. iheringi.“Grass,”*‘aquatic vegetation,” and “leaf” eaters,
had higher complexities than taxa belonging to other dietary groups, and higher values of
textural fill volume than “young leaf” eaters (Figs. 3A and 3E). They displayed important
intragroup and intraspecific variability but did not differ among themselves (Fig. 5).

99¢¢

“Aquatic vegetation,”“grass,” and “leaf-insect” eaters, displayed a marginally lower

dispersion of textural fill volume values than “bamboo,”“fruit-seed,” and “young leaf”
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eaters.“Aquatic vegetation” eaters had marginally higher textural fill volume than
“bamboo” and “fruit-seed” eaters (Fig. 3E). “Grass” eaters displayed marginally higher
textural fill volume than “bamboo” eaters (Fig. 3E). “Leaf” eaters had significantly higher
heterogeneity (HAsfc16) than “young leaf” and “fruit-seed” eaters (Figs. 3C and
3D).“Leaf” eaters displayed more dispersed values of complexity and heterogeneity

(HAsfc16) than other dietary groups, particularly “young leaf” eaters (Table 5B).

DISCUSSION

Dietary habits and dental microwear texture—Complexity was responsible for most of the
significant differences among diets followed by textural fill volume. We observed a trend of
increasing complexity and texture fill volume from species eating young leaves or bamboo
shoots, to species feeding on grasses and mature leaves (Figs.3A and 3E).The lowest
complexity, lowest textural fill volume, and lowest heterogeneity of complexity, were
observed for “young leaf” eaters represented by Coendou spinosus (Table 2; Fig. 3). Values
for this species are consistent with its extremely specialized folivorous diet with preferences
for young leaves of Fabaceae (Passamani 2009), dicotyledoneous plants with small amounts
of biosilica (Piperno 1988), and very low values in lignified tissues. Our results are consistent
with Ramdarshan et al. (2016) who found lower complexity for sheep fed only red clover
fodder (Fabaceae) compared to sheep fed a mixture of red clover and barley.

Kannabateomys amblyonyx was the only bamboo specialist in the study (Olmos et al.
1993). It consumes the inner soft tissues of bamboo shoots after removing the hard and spiny
outer sheet (Fabre et al. 2016). The soft inner part is the only portion processed by the molars,
which could explain the low values of complexity. Unfortunately, we could only analyze three

individuals of K. amblyonyx.
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“Fruit-seed” consumers included five species: Dasyprocta leporina and the four species of
Trinomys (Table 1). This group displayed microwear textures that can be explained by the
diversity of elements composing typical frugivorous and granivorous diets (Fig. 4). These
taxa displayed higher complexity than “young leaf” eaters but lower complexity than

99¢¢

“grass,”“‘aquatic vegetation,” and “leaf” eaters (Fig. 3A). Dasyprocta leporina feeds mainly
on seeds and fruit pulp available on the forest floor (Henry 1999; Jorge and Peres 2005).
Trinomys and Dasyprocta leporina are among the main seed dispersers of palm species in the
Atlantic rainforest of Brazil (Galetti et al. 2006; Donatti et al. 2009). They remove the
exocarp using their incisors to extract the soft nutritious seeds inside (Henry 1999),which
explains why this species does not have the expected complex enamel surface on their cheek
teeth as expected for seed eating species (Scott et al. 2012; Ramdarshan et al. 2016).

Among “fruit-seed” eaters (Fig. 4C), the difference in heterogeneity of complexity
between three of the four species of Trinomys and Dasyprocta might reflect the inclusion of
insects in the diet of Trinomys (except for T. iheringi; Brito and Figueiredo 2003; Mello et al.
2015), whereas Dasyprocta complements its diet with leaves (Henry 1999; Jorge and Peres
2005).In contrast, 7. iheringi had less heterogeneous microwear texture than the other species
of Trinomys, which is consistent with the fact that this species does not include insects in its
diet to the same extent as its sister species (Bergallo and Magnusson 1999).

Scott et al. (2012) proposed that higher heterogeneity values might reflect a more variable
diet. Burgman et al. (2016) also had results consistent with this interpretation. Among the
“fruit-seed” category in the present study, the more heterogeneous microwear textures were
observed when the diets were more variable, including insects as an important secondary
food. However, heterogeneous sampling among seasons, years, and environments, might also

explain these inter-specific differences. The species of Trinomys are parapatric as they tend to

have similar ecologies from one locality to another (Fabre et al. 2016). Our results confirm
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these assertions as there were no significant differences in their dental microwear texture (Fig.
4A-D). In the case of Trinomys eliasi, for which dietary preferences are poorly known,
DMTA does not detect any differences with other species of Trinomys.

The microwear texture of “leaf-insect” eaters (Euryzygomatomys spinosus) is more
complex than that of “young leaf” eaters but less complex than those of “aquatic vegetation”
and “leaf” eaters. It differs from “bamboo” and “fruit-seed” eaters in having marginally
higher values of textural fill volume (Table 5).The major components of the diet of E.
spinosus (leaves and insects, Alho 1982; Patton et al. 2015) area secondary food for D.
leporina (leaves) and Trinomys (insects). The values of heterogeneity of complexity of E.
spinosus were similar to values observed for four species of Trinomys, but were marginally
higher than values of heterogeneity observed for D. leporina (Fig. 4C). This seems to confirm
a relationship between the presence of insects in the diet and a more heterogeneous microwear
texture.

Dental microwear texture of grazing ruminants or equids is characterized by medium to
high anisotropy and low to medium complexity due to a highly abrasive diet composed of
tough but not hard elements (Scott 2012; Merceron et al. 2018). However, it is not what we
observed for “grass” eaters among our rodent sample. Indeed, C. aperea displayed high
values of complexity comparable with that of dicotyledon foragers in our sampled
caviomorphs (Fig. 5A-B). Cavia aperea is described as a grass-eater inasmuch as it relies
mainly on monocotyledons (Rood 1972; Guichén and Cassini 1998). Although C. aperea eats
grass shoots and blades, it favors ears full of millimetric seeds (Lacher 2016). Ramdarshan et
al. (2016) showed that sheep fed on clover with or without a supplement of seeds differ in
dental microwear complexity, with the most complex enamel surface being recorded for sheep
fed clover with 25% as dry matter weight of barley. Further, a controlled-food experiment on

capuchin monkeys showed that even a single feeding event including hard objects has a
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significant effect on dental microwear (Teaford et al. 2018).Thus, the inclusion of small seeds
in the diet of C. aperea likely results in high complexity on the enamel surface.

The diet of H. hydrochaeris is composed mainly of grasses and sedges (Mones and Ojasti
1986). It also feeds on bark and aquatic vegetation (Macdonald 1981),which may be related to
the highly complex microwear texture measured (Fig. 5A-B). Both in C. aperea and H.
hydrochaeris, the secondary dietary components (small seeds or bark) affect dental
microwear.

The dental microwear texture for “leaf” eaters was complex (Fig. SA-B). Moreover, the
complexity and heterogeneity of complexity were variable between specimens. Both species
of Phyllomys have a dicotyledon based folivorous diet (Emmons and Feer 1997).However,
such highly complex and variable microwear texture clearly indicates that these two species
do not feed only on leaves, but that their diet maybe more opportunistic and include
significant amounts of hard food items such as hard seeds, insects or bark. Unfortunately,
species of Phyllomys are difficult to observe, limiting our knowledge of their dietary habits
(Leite 2003). Phyllomys nigrispinus does not display a microwear texture distinct from that
recorded for P. pattoni (Fig. 5SA-D) and it might be expected that P. nigrispinus has the same
dietary preferences as P. pattoni, which could explain their tightly parapatric ranges (Leite

and Loss 2015).

Resource partitioning and interspecific segregation.— The differential exploitation of
resources facilitates the coexistence of species (Schoener 1974). For caviomorph rodents from
the SDMAS, dietary preferences seem to play an important role in the ecological segregation,
given the diversity of diets among the studied species (Table 1). DMTA detected differences

99¢¢

in dietary habits among most caviomorph rodents except “aquatic vegetation,”‘grass,” and
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“leaf,” consumers, and between “fruit-seed” and “bamboo” consumers, which have diet
differences that are not reflected by their microwear textures.

Because body mass also is related to ecological segregation (Bowers and Brown 1982;
Robinson and Redford 1986; Morales and Giannini 2010), we consider sympatric
caviomorphs of the SDMAT taking that factor into account. The “aquatic vegetation”
consumer H. hydrochaeris (35-60kg), the “grass” eater C. aperea (400-700g) and the two
species of “leaf” consumers of the genus Phyllomys (200-300g) have distinct diets that are not
reflected by different microwear textures. However they occupy different body mass ranges
and have different lifestyles (Table 1). The “fruit-seed” consumers and the “bamboo”
consumer K. amblyonyx (400g) have similar microwear textures that do not reflect their
different diets. They also differ in body mass (K. amblyonyx weighs about 400g; D. leporina
weighs aboutl.5kg; the four species of Trinomys weigh about160 to 240g and display
segregation in terms of habits (Table 1).

There is neither segregation by diet nor segregation by body mass between both species of
Phyllomys, and among the parapatric species of Trinomys. In these cases, ecological
segregation involves differences in microhabitat preferences (Vieira 2003). Phyllomys pattoni
occupies a wider range of microhabitats than P. nigrispinus (Fabre et al. 2016). The four
species of Trinomys are parapatric, which means that they show very similar ecological traits
but do not occupy identical habitats. Indeed, 7. gratiosus and T. iheringi are found above
600m in Rio de Janeiro and Sao Paulo states, respectively. Trinomys dimidiatus prefers
relatively open interior climax lowland forests, while 7. eliasi prefers coastal forests (Fabre et

al. 2016).

Considerations of microwear in caviomorph rodents.—With 2D low-magnification

microwear analyses, Townsend and Croft (2008: 738) concluded that differences in
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microwear patterns among caviomorph rodents were more subtle than those for ungulates
(Solounias and Semprebon 2002) and primates (Godfrey et al. 2004). Our DMTA analysis of
a geographically restricted sample performed at the species level showed that differences in
dental microwear textures among caviomorph rodents (Figs. 3-5; Table 5) have similar ranges
as those observed for ungulates (Scott 2012) or primates (Scott et al. 2012; Ungar et al. 2017).
The intraspecific microwear texture variation exhibited by caviomorphs makes the analysis
and understanding of the interspecific variability more difficult. However, intraspecific
variation was expected. Although caviomorphs are mainly leaf or fruit eaters, many of them
include animal matter, bark, or seeds, in their diets and are more opportunistic than ruminants.
Ramdarshan et al. (2016) showed that small hard objects scar the enamel surface to a greater
extent than large ones. Thus, even a moderate percentage of insects or hard small seeds may
generate variation in dental microwear, as we observed in C. aperea (Fig. 5) and Trinomys
within the “fruit-seed” category (Fig. 4). As dental microwear records the last days or weeks
of wear (Teaford and Oyen 1989; Schultz et al. 2013), it is sensitive to any change in diet.
Thus, opportunistic behavior increases inter— and intra- taxon variability in microwear
textures. Furthermore, the functional importance of incisors in food processing among rodents
(e.g., in Dasyprocta and Kannabateomys) can modulate the role of cheek teeth in the
fragmentation of food elements. Finally, a recent experimental study showed that the same
plant may leave different microwear textures, depending on whether it is wet or dry (Winkler
et al. 2019).A portion of the intraspecific variability of microwear texture complexity of both
species of Phyllomys might be explained by such variations (Fig. 5).The exploration of intra-
taxa seasonal variability among the genera Coendou and Trinomys of the SAMATf did not shed
light on any significant differences (Supplementary Data SD4). However, as dental microwear

texture is linked to the physical properties of the food, it means only that, in both cases, those
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physical properties remain the same throughout the year. Whether it is because the items
consumed remain the same or because different items have analogous properties is unknown.

Part of the high apparent intraspecific variability may be artificial. The scanned surface
was small due to the tooth and body size of the mammals studied here. Thus, the effect of a
small hard or abrasive element affects a higher portion of this scanned area (50 um % 50 um)
compared to larger surfaces usually considered for studies on primates or ungulates (200 um
x 200 um; Martin et al. 2018; Merceron et al. 2018). This means that analysis on small
surfaces for rodents or any other small mammal favors intra-specific variability (Ramdarshan
et al. 2017). Furthermore, our geographically restricted and species-specific level study
resulted in small sample sizes for some taxa, which may have resulted in some bias.
Nonetheless, interspecific and inter-dietary group differences were more important than
intraspecific variations in our sample (Table 5).

One limiting factor for interpreting DMTA results for caviomorphs is the lack of detailed
published ethological and ecological data for members of the group. There are few detailed
ethological analyses of caviomorphs compared to primates or ungulates (for primates see
Napier and Napier 1967; Percher et al. 2017; for ungulates see Field 1972; Gebert and
Verheyden-Tixier 2001). The detailed lists of consumed items that can be found for some
species of ungulates or primates allow for a better interpretation of their dental microwear
textures. Experimental settings (Ramdarshan et al. 2016; Teaford et al. 2018) and applied
studies (Berlioz et al. 2018) have shown that secondary foods may affect dental microwear
textures to a considerable extent, suggesting that poor dietary records for some South
American rodents may explain the apparent discrepancy with tooth wear.

This study represents a first step in the use of the DMTA to generate proxies for studying
the ecology of caviomorph rodents. Our data covers the main dietary preferences among

extant caviomorph rodents, and is therefore a prerequisite for interpretation of dental
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microwear textures of extinct caviomorph taxa as a means of reconstructing and estimating
their diets, and further our understanding of the resource partitioning in paleocommunities and

its role in the successful evolutionary history of this rodent group.

ACKNOWLEDGEMENTS

The authors thank Jodo A. de Oliveira for permitting access to materials under his care at
the Museu Nacional do Universidad Federal do Rio de Janeiro. We thank Anusha
Ramdarshan (Rekki, London)and Julien Claude (ISE-M)for their help in the use of the
software R; and Manon Hullot (ISE-M) for fruitful and helpful conversations. We thank
Susan Loeb (Clemson University) for her help in improving the English of this manuscript.
We thank John Scheibe and two anonymous reviewers for their insightful comments on a
previous version of this work. This work was supported by the CoopIntEER
CNRS/CONICET (PIs: A. Candela and L. Marivaux) and the ECOS-SUD/FONCyT (A14-
UO01; PIs: P.-O. Antoine [ISE-M] and F. Pujos [TANIGLA, Mendoza]) international
collaboration programs, the ISE-M (IRD projets au Sud) and by the Laboratoire de
Paléontologie (ISE-M; PI: L. Marivaux).The dental microwear textural analyses were
supported by the French Agence Nationale de la Recherche (ANR)“TRIDENT” project(ANR-
13-JSV7-0008-01; PI: G. Merceron).This work was further supported by the Investissements
d’Avenir grant managed by the ANR (Labex CEBA [Centre d’Etude de la Biodiversité

Amazonienne], ANR-10-LABX-0025-01).

SUPPLEMENTARY DATA

18

https://mc.manuscriptcentral.com/jmamm

Page 18 of 62



Page 19 of 62 Manuscripts submitted to Journal of Mammalogy

437  Supplementary Data SD1.—Dietary preferences of each studied species from the Serra do
438  Mar Atlantic forest (Brazil) compiled from the literature, and description of the seven

439  dietary categories used in this study.

440  Supplementary Data SD2.— Details of the scanning, pre-treatment and analysis of50 x 50
441  scan procedures used to acquire the dental microwear surfaces studied in this work.

442 Supplementary Data SD3.—Studied specimens and their individual dental microwear

443 textural parameters (seasons indicated as followed: dry season or winter time = d, wet

444 season =Ww).

445 Supplementary Data SD4.—Summary of results and discussion of the impact of

446  seasonality (wet season versus winter time) on the dental microwear texture of the

447  specimens of the genera Coendou and Trinomys from the Serra do Mar Atlantic forest

448  (Brazil).

449

450 LITERATURE CITED

451

452 ALHO, C. J. R. 1982. Brazilian rodents: their habitats and habits. Pp. 143 —166 in Mammalian
453 Biology in South America (M.A. Mares, and H.H. Genoways, eds.). Special Publication
454 6, Pymatuning Laboratory of Ecology. Linesville, Pennsylvania, U.S.A.

455  ALVAREZ, A., R. L. M. AREVALO, AND D. H. VERZI. 2017. Diversification patterns and size
456 evolution in caviomorph rodents. Biological Journal of the Linnean Society, 121:907—
457 922.

458  ANTOINE, P.-O., ET AL. 2012. Middle Eocene rodents from Peruvian Amazonia reveal the

459 pattern and timing of caviomorph origins and biogeography. Proceedings of the Royal
460 Society B. 279:1319—-1326.https://doi.org/10.1098/rspb.2011.1732
19

https://mc.manuscriptcentral.com/jmamm



461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

Manuscripts submitted to Journal of Mammalogy Page 20 of 62

BELMAKER, M. 2018. Dental microwear of small mammals as a high resolution paleohabitat
proxy: opportunities and challenges, Journal of Archaeological Science: Reports,
18:824-838.

BENJAMINI, Y., AND YEKUTIELL D. 2001. The control of the false discovery rate in multiple
testing under dependency. Annals of Statistics, 29, 1165—-1188.

doi: 10.1214/a0s/1013699998.

BERGALLO, H. G. 1994. Ecology of a small mammal community in an Atlantic Forest area in
Southeastern Brazil. Studies on Neotropical Fauna and Environment 29:197-217.

BERGALLO, H. G. 1995. Comparative life-history characteristics of two species of rats,
Proechimys iheringi and Oryzomys intermedius, in an Atlantic Forest of Brazil.
Mammalia 59:51-64.

BERGALLO, H. G., AND W. E. MAGNUSSON. 1999. Effects of climate and food availability on
four rodent species in southeastern Brazil. Journal of Mammalogy 80:472-486.

BERLIOZ, E., C. AZORIT, C. BLONDEL, M. S. TELLADORUIZ, AND G. MERCERON. 2017. Deer
in an arid habitat: dental microwear textures track feeding adaptability. Hystrix 28:222-
230.

BERLIOZ, E., D. S. KOSTOPOULOS, C. BLONDEL, AND G. MERCERON. 2018. Feeding ecology
of Eucladoceros ctenoides as a proxy to track regional environmental variations in
Europe during the early Pleistocene. Comptes Rendus Palevol 17:320-332.

BLONDEL, C., ET AL. 2018. Feeding ecology of Tragelaphini (Bovidae) from the Shungura
Formation, Omo Valley, Ethiopia: contribution of dental wear analyses.
Palaeogeography, Palaeoclimatology, Palacoecology 496:103-120.

BoIVvIN, M., ET AL. 2017. Late middle Eocene caviomorph rodents from Contamana, Peruvian

Amazonia. Palaeontologia Electronica 20:1-50.

20

https://mc.manuscriptcentral.com/jmamm


http://doi.org/10.1214/aos/1013699998

Page 21 of 62

485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508

509

Manuscripts submitted to Journal of Mammalogy

BoIvIN, M., L. MARIVAUX, AND P.—O. ANTOINE. 2019. L’apport du registre paléogene
d’ Amazonie sur la diversification initiale des Caviomorpha (Hystricognathi, Rodentia) :
implications phylogénétiques, macroévolutives et paléobiogéographiques. Geodiversitas
41: 143-245.

BOWERS, M.A., AND J. H. BROWN. 1982. Body size and coexistence in desert rodents: chance
or community structure? Ecology 63:391-400.

Box, G. E. P., AND D. R. CoX. 1964. An analysis of transformations. Journal of the Royal
Statistical Society, Series B. 26:211-252.

BRITO, D., AND M. S. L. FIGUEIREDO. 2003. Minimum viable population and conservation
status of the Atlantic Forest spiny rat Trinomys eliasi. Biological Conservation 112:153-
158.

BURGIN, C.J.,J. P. COLELLA, P. L. KAHN, AND N. S. UPHAM. 2018. How many species of
mammals are there? Journal of Mammalogy 99: 1-14.

BURGMAN, J., J. LEICHLITER, N. AVENANT, AND P. S. UNGAR. 2016. Dental microwear of
sympatric rodent species sampled across habitats in southern Africa: implications for
environmental influence. Integrative Zoology 11:111-27.

BUTLER, P. M. 1980. Functional aspects of the evolution of rodent molars. Palacovertebrata:
Mémoire Jubilaire R. Lavocat, 249-262.

CABRERA, A. L., AND A. WILLINK. 1973. Biogeografia de América latina. Washington DC:
Programa Regional de Desarrollo Cientifico y Tecnologico.

CALANDRA, ., AND G. MERCERON. 2016. Dental microwear texture analysis in mammalian
ecology. Mammal Review 46:215-228.

CALANDRA, I., K. ZUB, P. A. SZAFRANSKA, A. ZALEWSKI, AND G. MERCERON. 2016. Silicon-
based plant defenses, tooth wear and voles. Journal of Experimental Biology 219:501—

507.

21

https://mc.manuscriptcentral.com/jmamm



510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

Manuscripts submitted to Journal of Mammalogy Page 22 of 62

CALDARA, V., AND Y. L. R. LEITE. 2012. Geographic variation in hairy dwarf porcupines of
Coendou from eastern Brazil (Mammalia: Erethizontidae). Zoologia, 29(4).

CANEVARI, M., AND O. VACCARO (eds.). 2007. Guia de mamiferos del sur de América del Sur
(Vol. 19). Buenos Aires: LOLA.

CATZEFLIS, F., J. PATTON, A. PERCEQUILLO, C. BONVICINO, AND M. WEKSLER. 2008.
Euryzygomatomys spinosus, in IUCN 2010. IUCN Red List of Threatened Species.
Version 2010.4. www.iucnredlist.org. Accessed 28 November 2018.

CooK, R. J., AND V. T. FAREWELL. 1996. Multiplicity considerations in the design and
analysis of clinical trials. Journal of the Royal Statistical Society Series A (Statistics in
Society): 93—110.

COVERT, H. H.,AND R. F. KAY. 1981. Dental microwear and diet: implications for
determining the feeding behaviors of extinct primates, with a comment on the dietary
pattern of Sivapithecus. American Journal of Physical Anthropology 55:331-336.

DESANTIS, L. R. G., ET AL. 2013. Direct comparisons of 2D and 3D dental microwear proxies
in extant herbivorous and carnivorous mammals. PLoS ONE 8: €71428.

DonNATTI, C. L., P. R. Jr. GUIMARAES, AND M. GALETTI. 2009. Seed dispersal and predation in
the endemic Atlantic rainforest palm Astrocaryum aculeatissimum across a gradient of
seed disperser abundance. Ecological Research 24:1187-1195.

DuBosT, G. 1988. Ecology and social life of the acouchy, Myoprocta exilis, with comparison
the orange-rumped agouti, Dasyprocta leporina. Journal of Zoology (London) 214:107-
123.

EISENBERG J. F., AND K. H. REDFORD. (eds.). 1999. Mammals of the Neotropics, the Central
Neotropics. The University of Chicago Press, Chicago.

EMMONS, L. H. (ed.). 1990. Neotropical Rainforest Mammals: a Field Guide. University of

Chicago Press, Chicago. 281pp.

22

https://mc.manuscriptcentral.com/jmamm



Page 23 of 62

535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558

559

Manuscripts submitted to Journal of Mammalogy

EMMONS, L. H.,AND F. FEER (eds.). 1997. Neotropical Rainforest Mammals: a Field Guide.
2nd ed. University of Chicago Press, Chicago.

FABRE, P.-H., J.L. PATTON, AND Y. L. R. LEITE. 2016. Family Echimyidae. Pp. 552—-641 in
Handbook of the Mammals of the World. Vol. 6. Lagomorphs and Rodents I. (D. E.
Wilson, T. E. Jr Lacher and R. A. Mittermeier, eds.). Lynx Edicions, Barcelona.

FIELD, C.R. 1972. The food habits of wild ungulates in Uganda by analyses of stomach
contents. African Journal of Ecology 10:17-42.

FIRMAT, C., H. GOMESRODRIGUES, S. RENAUD, R. HUTTERER, F. GARCIA-TALAVERA, AND J.
MICHAUX. 2010. Mandible morphology, dental microwear, and diet of the extinct giant
rats Canariomys (Rodentia: Murinae) of the Canary Islands (Spain). Biological Journal
of the Linnean Society, 101:28-40.

FRANCISCO, A., C. BLONDEL, N. BRUNETIERE, A. RAMDARSHAN, AND G. MERCERON. 2018.
Enamel surface topography analysis for diet discrimination. A methodology to enhance
and select discriminative parameters. Surface Topography: Metrology and Properties, 6:
015002.

GALETTIL, M., C. I. DONATTIL A. S. PIRES, P. R. Jr GUIMARAES, AND P. JORDANO. 2006. Seed
survival and dispersal of an endemic Atlantic forest palm: the combined effects of
defaunation and forest fragmentation. Botanical Journal of the Linnean Society,
151:141-149.

GALINDO-LEAL, C., AND G. I. CAMARA. 2003. Atlantic forest hotspot status. Pp. 3-11 in The
Atlantic forest of South America: biodiversity status, threats, and outlook. [State of the
Hotspots.] (C. Galindo-Leal and I. G. Camara, eds.). CABS and Island Press,
Washington.

GEBERT, C., AND H. VERHEYDEN-TIXIER. 2001. Variations of diet composition of Red Deer

(Cervus elaphus L.) in Europe. Mammal Review 31:189-201.

23

https://mc.manuscriptcentral.com/jmamm



560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

Manuscripts submitted to Journal of Mammalogy

GODFREY, L. R., G. M. SEMPREBON, W. J. JUNGERS, M. R. SUTHERLAND, E. L. SIMONS, AND
N. SOLOUNIAS. 2004. Dental use wear in extinct lemurs: evidence of diet and niche
differentiation. Journal of Human Evolution 47:145-169.

GOMES RODRIGUES, H., G.MERCERON, ANDL. VIRIOT. 2009. Dental microwear patterns of
extant and extinct Muridae (Rodentia, Mammalia): Ecological implications.
Naturwissenschaften, 96:537-542. https://doi.org/10.1007/s00114-008-0501-x

GONCALVES, G. L., M. A. FARIA-CORREA, A. S. CUNHA, AND T. R. FREITAS. 2007. Bark
consumption by the spiny rat Euryzygomatomys spinosus (G. Fischer)(Echimyidae) on a
Pinus taeda Linnaeus (Pinaceae) plantation in South Brazil. Revista Brasileira de
Zoologia, 24:260-263.

GUICHON, M. L., AND M. H. CASSINI. 1998. Role of diet selection in the use of habitat by
pampas cavies Cavia aperea pamparum (mammalian, Rodentia). Mammalia 62:23-35.

HENRY, O. 1999. Frugivory and the importance of seeds in the diet of the orange-rumped
agouti (Dasyprocta leporina) in French Guiana. Journal of Tropical Ecology 15:291-
300.

HoDSON, M. J., P. J. WHITE, A. MEAD, AND M. R. BROADLEY. 2005. Phylogenetic variation
in the silicon composition of plants. Annals of Botany 96:1027-1046.

IBGE—INSTITUTO BRASILERO DE GEOGRAFIA ESTATASTICA. 1993. Mapa de vegetagdo do
Brasil. Map 1:5,000,000. Rio de Janeiro, Brazil.

JORGE, M. S.,AND C. A. PERES. 2005. Population density and home range size of red-r