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21 Abstract.

22 The Serra do Mar Atlantic forest (Brazil) shelters about 15different species of caviomorph 

23 rodents and thus represents a unique opportunity to explore resource partitioning. We studied 

24 12 species with distinct diets using dental microwear texture analysis (DMTA). Our results 

25 revealed differences (complexity, textural fill volume, and heterogeneity of complexity) 

26 among species with different dietary preferences, and among taxa sharing the same primary 

27 dietary components but not those with similar secondary dietary preferences (heterogeneity of 

28 complexity). We found three main dietary tendencies characterized by distinct physical 

29 properties: consumers of young leaves had low complexity; bamboo specialists, fruit and seed 

30 eaters, and omnivorous species, had intermediate values for complexity; grass, leaf, and 

31 aquatic vegetation consumers, had highly complex dental microwear texture. Dietary 

32 preferences and body mass explained a major part of the resource partitioning that 

33 presumably enables coexistence of these species. DMTA was useful in assessing what foods 

34 contributed to resource partitioning in caviomorphs. Our database for extant caviomorph 

35 rodents is a prerequisite for interpretation of dental microwear texture of extinct caviomorph 

36 taxa, and thus for reconstructing their diets and better understanding the resource partitioning 

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

38

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

40

41

42 Resumen.

43 La Selva Atlántica de la Serra do Mar (Brasil) contiene aproximadamente 15 especies de 

44 roedores caviomorfos y por lo tanto representa un entorno único para explorar la partición de 

45 recursos. Estudiamos 12 especies con dietas distintas usando análisis de textura de 
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46 microdesgaste dental (DMTA). Nuestros resultados revelaron diferencias (complejidad, 

47 volumen de relleno de la textura, y heterogeneidad de complejidad) entre especies con 

48 distintas preferencias dietarias, y entre taxones que comparten la misma preferencia dietaria 

49 primaria pero no la misma preferencia dietaria secundaria (heterogeneidad de complejidad). 

50 Destacaron tres tendencias dietarias principales, caracterizadas por sus distintas propiedades 

51 físicas: los consumidores de brotes y hojas blandas tienen baja complejidad; los especialistas 

52 en bambú, consumidores de frutos y semillas, y especies omnívoras tienen valores 

53 intermedios de complejidad; los consumidores de pastos, hojas y de vegetación acuática 

54 tienen texturas de microdesgaste dental sumamente complejas. Las preferencias dietarias y la 

55 masa corporal explican una parte importante de la partición de los recursos que 

56 presumiblemente permite la coexistencia de especies en la Mata Atlántica de la Serra do Mar. 

57 El DMTA es útil para evaluar que preferencias dietarias contribuyeron en la partición de los 

58 recursos en los caviomorfos. Nuestra base de datos sobre roedores caviomorfos actualmente 

59 existentes es un prerrequisito para la interpretación de la textura del microdesgaste dental en 

60 taxones de caviomorfos extintos y, por lo tanto para así reconstruir sus dietas y lograr una 

61 mejor comprensión de la partición de recursos en las paleocomunidades y su rol en la historia 

62 evolutiva exitosa de este grupo de roedores.

63

64 Palabras clave: ecología, microdesgaste, partición de recursos, roedor, Serra do Mar
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66 INTRODUCTION

67

68 Rodents are the most diverse and speciose group of placental mammals (Wilson and 

69 Reeder 2005; Burgin et al. 2018). A large portion of placental diversity is comprised of 

70 hystricognathous rodents from South America: the caviomorphs (Caviomorpha Wood 

71 1955).The fossil record for caviomorphs extends back to the late middle Eocene (Antoine et 

72 al. 2012; Boivin et al. 2017) and exhibits at least 40 million years of endemic evolution on the 

73 South American continent. During this period, several adaptive radiations contributed to the 

74 emergence and structuration of caviomorph communities that can be observed today (e.g., 

75 Boivin et al. 2019).Caviomorphs display great taxonomic diversity (four superfamilies and 

76 ten families; Lacher et al. 2016), and are found in diverse environments (Patton et al. 2015; 

77 Wilson et al. 2016). The diversity of ecological conditions encountered by this group is 

78 associated with a diversity of morphological adaptations. Indeed, caviomorphs vary in body 

79 size from about 100g to 65kg (Patton et al. 2015; Wilson et al. 2016), display distinct activity 

80 patterns and life modes (Patton et al. 2015; Wilson et al. 2016),and exhibit different 

81 locomotor behaviors (Wilson and Geiger 2015). This diversity of life history traits is reflected 

82 in differential exploitation of resources (see Townsend and Croft 2008, and references 

83 therein).Today, the greatest species richness of caviomorphs is observed in Amazonia and the 

84 Atlantic forest, where 12 to 19 species may co-occur (Upham and Patterson 2015). These 

85 sympatric species provide an opportunity to explore resource partitioning among rodents 

86 sharing a unique habitat. 

87 Herbivory seems to be a common feeding strategy for caviomorphs, although consumption 

88 of insects is important in some species (Mares and Ojeda 1982; Henry 1999).Over the past 

89 four decades, dental microwear analysis has been applied to various extant mammals as a 

90 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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116 degree of toughness and abrasiveness (review by Ungar 2015). Heterogeneity of complexity 

117 is related to the diversity of food items that an individual consumes on a daily basis (Scott et 

118 al. 2012;Souron et al. 2015): species with a low diversity of consumed food are expected to 

119 have a lower heterogeneity than opportunistic species.

120 Few DMTA studies have been conducted on rodents (murids: Burgman et al. 2016; voles: 

121 Calandra et al. 2016; guinea pigs: Winkler et al. 2019). DMTA provides information about 

122 food properties, but the dietary interpretations depend on the studied taxon. Thus, it is 

123 important to establish a reference dataset for DMTA in caviomorphs. Here, we explore the 

124 dietary preferences of several sympatric species of caviomorph rodents from the Atlantic 

125 forest through DMTA. To test the dietary preferences across the 12 studied taxa, we clustered 

126 them into seven dietary categories based on their primary diet components. Specifically, we 

127 tested1)whether dental microwear textures differ among diets across caviomorph species; and 

128 2) whether differences in dental microwear texture appear in taxa sharing the same primary 

129 diet. We focused on species sampled within the same ecoregion, hence did not analyze the 

130 effect of different environments on microwear texture. Because body mass is associated with 

131 ecological segregation among rodents (Bowers and Brown 1982), we analyzed resource 

132 exploitation in light of this factor. We established a comparative dataset of wild caviomorphs 

133 based on DMTA. Further, we explored interspecific segregation, assessed the importance of 

134 dietary preferences in an assemblage of wild caviomorphs, and determined if dental 

135 microwear texture can be used as a proxy for dietary preferences and food resource 

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

137

138 MATERIALS AND METHODS

139
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140 We studied specimens of 12 species in eight genera of wild caviomorph rodents from the 

141 Serra do Mar coastal forest ecoregion (World Wildlife Fund [WWF] for Nature sensu IBGE 

142 1993; Olson et al. 2001) housed in the collection of the Museu Nacional do Universidad 

143 Federal do Rio de Janeiro (MN-UFRJ) in Brazil (Table 1; Appendix I). The Serra do Mar 

144 Atlantic forest (SDMAf), within the Atlantic forest biogeographic province (Cabrera and 

145 Willink 1973) on the southeastern coast of Brazil (Fig. 1), is recognized as a major 

146 biodiversity and endemism hotspot in South America (Myers et al. 2000; Galindo-Leal and 

147 Câmara 2003). The environment is composed mainly of moist forest with four strata of 

148 vegetation and trees reaching heights of 30m (Veloso et al. 1991). The SDMAf has a 

149 subtropical climate (Mantovani 1993). All specimens came from the states of Rio de Janeiro 

150 and Sao Paulo (Fig. 1) and were collected between 1916 and 2013.

151 We studied the Caviidae, Cavia aperea and Hydrochoerus hydrochaeris; Dasyprocta 

152 leporina (Dasyproctidae), Coendou spinosus (Erethizontidae); and the Echimyidae, 

153 Euryzygomatomys spinosus, Kannabateomys amblyonyx, Trinomys dimidiatus, T. eliasi, T. 

154 gratiosus, T. iheringi, Phyllomys pattoni, and P. nigrispinus. Ecological and dietary data were 

155 compiled from the literature, including field observations and ethological reports, fecal 

156 analyses, and stomach content of wild specimens. Some taxa, such as Phyllomys nigrispinus 

157 and Trinomys eliasi, are poorly known and complete dietary data are lacking. In these cases, 

158 we expected that DMTA would provide clues to the resources they consume. We recognized 

159 seven dietary categories based on the primary diet component: aquatic vegetation, bamboo, 

160 grass, fruit-seed, leaf, leaf-insect, and young leaf (for detailed descriptions of the dietary 

161 categories see Supplementary Data SD1). Ecological data, body mass estimates, as well as 

162 assigned dietary categories, and sources for each species, are summarized in Table 1.

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

164 et al. 2009; Firmat et al. 2010; Oliver et al. 2014). After cleaning teeth with acetone-soaked 
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165 cotton swabs, dental impressions were made with a silicone material (polyvinyl siloxane 

166 ISO 4823, President Regular Body, Coltène-Whaledent Corporation). We studied primarily 

167 the mesiolingual aspect of the protocone (Fig. 2). However, if the protocone surface 

168 showed signs of alteration or presence of organic matter or glue, the mesiolingual part of 

169 the hypocone was studied because those facets are parallel to each other, are located on the 

170 same side of the occlusal surface, and share the same function during mastication(Butler 

171 1980). Scans were made directly from the silicon molds with the “TRIDENT” Leica 

172 DCM8 white-light scanning confocal microscope (Leica Microsystems) with a 100× long-

173 distance lens (Numerical Aperture = 0.90; working distance = 0.9 mm), housed at the 

174 PALEVOPRIM laboratory (Université de Poitiers).Scanning protocol, pre-treatment, and 

175 analysis on 50x50 scans, followed procedures described in Supplementary Data (SD2; Fig. 

176 2A).

177 Scale Sensitive Fractal Analysis (SSFA; Scott et al. 2006) was performed on the 

178 selected enamel surface with the Toothfrax and Sfrax software programs (Surfract 

179 Corporation, Norwich, Vermont, USA) to quantify complexity (area scale of fractal 

180 complexity: Asfc), anisotropy (exact proportion of length scale anisotropy of relief: 

181 epLsar), heterogeneity of complexity (heterogeneity of the area scale of fractal complexity 

182 between sub-surfaces from a given surface: HAsfc), and textural fill volume (Tfv). HAsfc 

183 was calculated with four (HAsfc4), nine (HAsfc9) and 16 (HAsfc16) sub-surfaces 

184 (Supplementary Data SD3). Scott et al.(2006) described each of these variables in detail.

185 All statistical analyses were performed in R (R Development Core Team, 2018). A Box-

186 Cox transformation (Box and Cox 1964) was used to assure normality for the parametric 

187 tests. Multivariate normality was evaluated with Mardia’s test statistic (package “MVN” 

188 for R); univariate normality was assessed with the Shapiro-Wilk test. A MANOVA 

189 (MANOVA; package “Car” for R) was used to determine if dietary categories share a 
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190 similar dental microwear pattern. Subsequently, a one-way ANOVA (package “Car”) was 

191 used on each variable to test the hypothesis that different groups share similar dental 

192 microwear texture parameters. The P–value was adjusted following the B-Y method 

193 (Benjamini and Yekutieli 2001) in order to control the risk false discovery. In the first 

194 analysis we compared taxa across dietary categories for all samples. Next, we compared 

195 taxa within the “fruit-seed” category and taxa within the “leaf” category. If the overall 

196 ANOVA was significant, we used both Tukey’s honestly significant difference test (HSD) 

197 and Fisher’s least significant difference (LSD) pairwise tests to determine exactly where 

198 the differences were. We used both tests in an effort to balance risks of type I and type II 

199 errors (Cook and Farewell 1996). When the LSD test detected significant differences but 

200 the HSD did not, we considered the results to be marginally significant (Burgman et al. 

201 2016). The same MANOVA, ANOVA, and a posteriori tests were performed following a 

202 Levene transformation of the data (see Plavcan and Cope 2001) to analyze the dispersion 

203 of sample values within and between diet categories.

204

205 RESULTS

206

207 Mean, median, and standard deviation, were calculated for each dental microwear texture 

208 parameter by species (Table 2). Both MANOVAs on Box-Cox transformed data (d.f.=6, 

209 P<0.001) and on Levene’s transformed data (d.f. = 6, P<0.005) suggested differences in 

210 dental microwear texture depending on dietary categories. 

211 Means of complexity (Asfc) and textural fill volume (Tfv) differed significantly 

212 between dietary groups (ANOVAs, Table 3A) but not between taxa within dietary groups 

213 (ANOVAs, Table 4A). Variance of textural fill volume (Tfv) differed significantly 

214 between taxa within "fruit-seed" eaters group (Table 4B). In addition, means of 

Page 9 of 62

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

10

215 heterogeneity (HAsfc16) differed significantly between dietary groups (Table 3A) and also 

216 marginally (HAsfc9 and HAsfc16) between taxa within "fruit-seed" eaters group (Table 

217 4A). The variance of heterogeneity differed significantly among dietary groups (HAsfc16; 

218 Table 3B) and between taxa within "fruit-seed" eaters group (HAsfc4; Table 4B). 

219 Anisotropy was not significantly different among dietary groups or taxa (Tables 2, 3, and 

220 4). The results of the post-hoc tests indicate that complexity (Asfc) is the variable that 

221 differs most among groups (Table 5; Fig. 3A).

222 “Young leaf” eaters were characterized by significantly low complexity and lower 

223 values of textural fill volume (Figs. 3A and 3E) and were associated with  significantly 

224 larger variances for textural fill volume compared to “aquatic vegetation” and “leaf-insect” 

225 eaters (Table 5B). “Bamboo” eaters had marginally higher complexity than “young leaf” 

226 eaters and were not different from “fruit-seed” eaters (Fig. 3). “Bamboo,”“fruit-seed,” and 

227 “leaf-insect” eaters had significantly lower complexity than those classified as “grass,” 

228 “aquatic vegetation,” and “leaf” eaters (Fig. 3A). “Leaf-insect” eaters had marginally 

229 higher textural fill volumes than “bamboo” and “fruit-seed” eaters (Figs. 3E and 4D). 

230 Among “fruit-seed” eaters, heterogeneity (HAsfc9 and HAsfc16) was marginally different 

231 between Dasyprocta leporina and three of the four species of the genus Trinomys (T. 

232 dimidiatus, T. eliasi, and T. gratiosus; Fig. 4C).The values of heterogeneity (HAsfc4) in D. 

233 leporina and T.eliasi samples were significantly more dispersed than those in T. 

234 dimidiatus, T. gratiosus, and T. iheringi.“Grass,”“aquatic vegetation,” and “leaf” eaters, 

235 had higher complexities than taxa belonging to other dietary groups, and higher values of 

236 textural fill volume than “young leaf” eaters (Figs. 3A and 3E). They displayed important 

237 intragroup and intraspecific variability but did not differ among themselves (Fig. 5). 

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

239 dispersion of textural fill volume values than “bamboo,”“fruit-seed,” and “young leaf” 
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240 eaters.“Aquatic vegetation” eaters had marginally higher textural fill volume than 

241 “bamboo” and “fruit-seed” eaters (Fig. 3E). “Grass” eaters displayed marginally higher 

242 textural fill volume than “bamboo” eaters (Fig. 3E). “Leaf” eaters had significantly higher 

243 heterogeneity (HAsfc16) than “young leaf” and “fruit-seed” eaters (Figs. 3C and 

244 3D).“Leaf” eaters displayed more dispersed values of complexity and heterogeneity 

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

246

247 DISCUSSION

248

249 Dietary habits and dental microwear texture.—Complexity was responsible for most of the 

250 significant differences among diets followed by textural fill volume. We observed a trend of 

251 increasing complexity and texture fill volume from species eating young leaves or bamboo 

252 shoots, to species feeding on grasses and mature leaves (Figs.3A and 3E).The lowest 

253 complexity, lowest textural fill volume, and lowest heterogeneity of complexity, were 

254 observed for “young leaf” eaters represented by Coendou spinosus (Table 2; Fig. 3). Values 

255 for this species are consistent with its extremely specialized folivorous diet with preferences 

256 for young leaves of Fabaceae (Passamani 2009), dicotyledoneous plants with small amounts 

257 of biosilica (Piperno 1988), and very low values in lignified tissues. Our results are consistent 

258 with Ramdarshan et al. (2016) who found lower complexity for sheep fed only red clover 

259 fodder (Fabaceae) compared to sheep fed a mixture of red clover and barley. 

260 Kannabateomys amblyonyx was the only bamboo specialist in the study (Olmos et al. 

261 1993). It consumes the inner soft tissues of bamboo shoots after removing the hard and spiny 

262 outer sheet (Fabre et al. 2016). The soft inner part is the only portion processed by the molars, 

263 which could explain the low values of complexity. Unfortunately, we could only analyze three 

264 individuals of K. amblyonyx.
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265 “Fruit-seed” consumers included five species: Dasyprocta leporina and the four species of 

266 Trinomys (Table 1). This group displayed microwear textures that can be explained by the 

267 diversity of elements composing typical frugivorous and granivorous diets (Fig. 4). These 

268 taxa displayed higher complexity than “young leaf” eaters but lower complexity than 

269 “grass,”“aquatic vegetation,” and “leaf” eaters (Fig. 3A). Dasyprocta leporina feeds mainly 

270 on seeds and fruit pulp available on the forest floor (Henry 1999; Jorge and Peres 2005). 

271 Trinomys and Dasyprocta leporina are among the main seed dispersers of palm species in the 

272 Atlantic rainforest of Brazil (Galetti et al. 2006; Donatti et al. 2009). They remove the 

273 exocarp using their incisors to extract the soft nutritious seeds inside (Henry 1999),which 

274 explains why this species does not have the expected complex enamel surface on their cheek 

275 teeth as expected for seed eating species (Scott et al. 2012; Ramdarshan et al. 2016). 

276 Among “fruit-seed” eaters (Fig. 4C), the difference in heterogeneity of complexity 

277 between three of the four species of Trinomys and Dasyprocta might reflect the inclusion of 

278 insects in the diet of Trinomys (except for T. iheringi; Brito and Figueiredo 2003; Mello et al. 

279 2015), whereas Dasyprocta complements its diet with leaves (Henry 1999; Jorge and Peres 

280 2005).In contrast, T. iheringi had less heterogeneous microwear texture than the other species 

281 of Trinomys, which is consistent with the fact that this species does not include insects in its 

282 diet to the same extent as its sister species (Bergallo and Magnusson 1999). 

283 Scott et al. (2012) proposed that higher heterogeneity values might reflect a more variable 

284 diet. Burgman et al. (2016) also had results consistent with this interpretation. Among the 

285 “fruit-seed” category in the present study, the more heterogeneous microwear textures were 

286 observed when the diets were more variable, including insects as an important secondary 

287 food. However, heterogeneous sampling among seasons, years, and environments, might also 

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

289 have similar ecologies from one locality to another (Fabre et al. 2016). Our results confirm 
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290 these assertions as there were no significant differences in their dental microwear texture (Fig. 

291 4A-D). In the case of Trinomys eliasi, for which dietary preferences are poorly known, 

292 DMTA does not detect any differences with other species of Trinomys. 

293 The microwear texture of “leaf-insect” eaters (Euryzygomatomys spinosus) is more 

294 complex than that of “young leaf” eaters but less complex than those of “aquatic vegetation” 

295 and “leaf” eaters. It differs from “bamboo” and “fruit-seed” eaters in having marginally 

296 higher values of textural fill volume (Table 5).The major components of the diet of E. 

297 spinosus (leaves and insects, Alho 1982; Patton et al. 2015) area secondary food for D. 

298 leporina (leaves) and Trinomys (insects). The values of heterogeneity of complexity of E. 

299 spinosus were similar to values observed for four species of Trinomys, but were marginally 

300 higher than values of heterogeneity observed for D. leporina (Fig. 4C). This seems to confirm 

301 a relationship between the presence of insects in the diet and a more heterogeneous microwear 

302 texture. 

303 Dental microwear texture of grazing ruminants or equids is characterized by medium to 

304 high anisotropy and low to medium complexity due to a highly abrasive diet composed of 

305 tough but not hard elements (Scott 2012; Merceron et al. 2018). However, it is not what we 

306 observed for “grass” eaters among our rodent sample. Indeed, C. aperea displayed high 

307 values of complexity comparable with that of dicotyledon foragers in our sampled 

308 caviomorphs (Fig. 5A-B). Cavia aperea is described as a grass-eater inasmuch as it relies 

309 mainly on monocotyledons (Rood 1972; Guichón and Cassini 1998). Although C. aperea eats 

310 grass shoots and blades, it favors ears full of millimetric seeds (Lacher 2016). Ramdarshan et 

311 al. (2016) showed that sheep fed on clover with or without a supplement of seeds differ in 

312 dental microwear complexity, with the most complex enamel surface being recorded for sheep 

313 fed clover with 25% as dry matter weight of barley. Further, a controlled-food experiment on 

314 capuchin monkeys showed that even a single feeding event including hard objects has a 
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315 significant effect on dental microwear (Teaford et al. 2018).Thus, the inclusion of small seeds 

316 in the diet of C. aperea likely results in high complexity on the enamel surface.

317 The diet of H. hydrochaeris is composed mainly of grasses and sedges (Mones and Ojasti 

318 1986). It also feeds on bark and aquatic vegetation (Macdonald 1981),which may be related to 

319 the highly complex microwear texture measured (Fig. 5A-B). Both in C. aperea and H. 

320 hydrochaeris, the secondary dietary components (small seeds or bark) affect dental 

321 microwear. 

322 The dental microwear texture for “leaf” eaters was complex (Fig. 5A-B). Moreover, the 

323 complexity and heterogeneity of complexity were variable between specimens. Both species 

324 of Phyllomys have a dicotyledon based folivorous diet (Emmons and Feer 1997).However, 

325 such highly complex and variable microwear texture clearly indicates that these two species 

326 do not feed only on leaves, but that their diet maybe more opportunistic and include 

327 significant amounts of hard food items such as hard seeds, insects or bark. Unfortunately, 

328 species of Phyllomys are difficult to observe, limiting our knowledge of their dietary habits 

329 (Leite 2003). Phyllomys nigrispinus does not display a microwear texture distinct from that 

330 recorded for P. pattoni (Fig. 5A-D) and it might be expected that P. nigrispinus has the same 

331 dietary preferences as P. pattoni, which could explain their tightly parapatric ranges (Leite 

332 and Loss 2015).

333

334 Resource partitioning and interspecific segregation.— The differential exploitation of 

335 resources facilitates the coexistence of species (Schoener 1974). For caviomorph rodents from 

336 the SDMAf, dietary preferences seem to play an important role in the ecological segregation, 

337 given the diversity of diets among the studied species (Table 1). DMTA detected differences 

338 in dietary habits among most caviomorph rodents except “aquatic vegetation,”“grass,” and 
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339 “leaf,” consumers, and between “fruit-seed” and  “bamboo” consumers, which have diet 

340 differences that are not reflected by their microwear textures.

341 Because body mass also is related to ecological segregation (Bowers and Brown 1982; 

342 Robinson and Redford 1986; Morales and Giannini 2010), we consider sympatric 

343 caviomorphs of the SDMAf taking that factor into account. The “aquatic vegetation” 

344 consumer H. hydrochaeris (35-60kg), the “grass” eater C. aperea (400-700g) and the two 

345 species of “leaf” consumers of the genus Phyllomys (200-300g) have distinct diets that are not 

346 reflected by different microwear textures. However they occupy different body mass ranges 

347 and have different lifestyles (Table 1). The “fruit-seed” consumers and the “bamboo” 

348 consumer K. amblyonyx (400g) have similar microwear textures that do not reflect their 

349 different diets. They also differ in body mass (K. amblyonyx weighs about 400g; D. leporina 

350 weighs about1.5kg; the four species of Trinomys weigh about160 to 240g and display 

351 segregation in terms of habits (Table 1). 

352 There is neither segregation by diet nor segregation by body mass between both species of 

353 Phyllomys, and among the parapatric species of Trinomys. In these cases, ecological 

354 segregation involves differences in microhabitat preferences (Vieira 2003). Phyllomys pattoni 

355 occupies a wider range of microhabitats than P. nigrispinus (Fabre et al. 2016). The four 

356 species of Trinomys are parapatric, which means that they show very similar ecological traits 

357 but do not occupy identical habitats. Indeed, T. gratiosus and T. iheringi are found above 

358 600m in Rio de Janeiro and Sao Paulo states, respectively. Trinomys dimidiatus prefers 

359 relatively open interior climax lowland forests, while T. eliasi prefers coastal forests (Fabre et 

360 al. 2016).

361

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

363 microwear analyses, Townsend and Croft (2008: 738) concluded that differences in 
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364 microwear patterns among caviomorph rodents were more subtle than those for ungulates 

365 (Solounias and Semprebon 2002) and primates (Godfrey et al. 2004). Our DMTA analysis of 

366 a geographically restricted sample performed at the species level showed that differences in 

367 dental microwear textures among caviomorph rodents (Figs. 3-5; Table 5) have similar ranges 

368 as those observed for ungulates (Scott 2012) or primates (Scott et al. 2012; Ungar et al. 2017). 

369 The intraspecific microwear texture variation exhibited by caviomorphs makes the analysis 

370 and understanding of the interspecific variability more difficult. However, intraspecific 

371 variation was expected. Although caviomorphs are mainly leaf or fruit eaters, many of them 

372 include animal matter, bark, or seeds, in their diets and are more opportunistic than ruminants. 

373 Ramdarshan et al. (2016) showed that small hard objects scar the enamel surface to a greater 

374 extent than large ones. Thus, even a moderate percentage of insects or hard small seeds may 

375 generate variation in dental microwear, as we observed in C. aperea (Fig. 5) and Trinomys 

376 within the “fruit-seed” category (Fig. 4). As dental microwear records the last days or weeks 

377 of wear (Teaford and Oyen 1989; Schultz et al. 2013), it is sensitive to any change in diet. 

378 Thus, opportunistic behavior increases inter– and intra- taxon variability in microwear 

379 textures. Furthermore, the functional importance of incisors in food processing among rodents 

380 (e.g., in Dasyprocta and Kannabateomys) can modulate the role of cheek teeth in the 

381 fragmentation of food elements. Finally, a recent experimental study showed that the same 

382 plant may leave different microwear textures, depending on whether it is wet or dry (Winkler 

383 et al. 2019).A portion of the intraspecific variability of microwear texture complexity of both 

384 species of Phyllomys might be explained by such variations (Fig. 5).The exploration of intra-

385 taxa seasonal variability among the genera Coendou and Trinomys of the SdMAf did not shed 

386 light on any significant differences (Supplementary Data SD4). However, as dental microwear 

387 texture is linked to the physical properties of the food, it means only that, in both cases, those 
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388 physical properties remain the same throughout the year. Whether it is because the items 

389 consumed remain the same or because different items have analogous properties is unknown. 

390 Part of the high apparent intraspecific variability may be artificial. The scanned surface 

391 was small due to the tooth and body size of the mammals studied here.  Thus, the effect of a 

392 small hard or abrasive element affects a higher portion of this scanned area (50 µm × 50 µm) 

393 compared to larger surfaces usually considered for studies on primates or ungulates (200 µm 

394 × 200 µm; Martin et al. 2018; Merceron et al. 2018). This means that analysis on small 

395 surfaces for rodents or any other small mammal favors intra-specific variability (Ramdarshan 

396 et al. 2017). Furthermore, our geographically restricted and species-specific level study 

397 resulted in small sample sizes for some taxa, which may have resulted in some bias. 

398 Nonetheless, interspecific and inter-dietary group differences were more important than 

399 intraspecific variations in our sample (Table 5).

400 One limiting factor for interpreting DMTA results for caviomorphs is the lack of detailed 

401 published ethological and ecological data for members of the group. There are few detailed 

402 ethological analyses of caviomorphs compared to primates or ungulates (for primates see 

403 Napier and Napier 1967; Percher et al. 2017; for ungulates see Field 1972; Gebert and 

404 Verheyden-Tixier 2001). The detailed lists of consumed items that can be found for some 

405 species of ungulates or primates allow for a better interpretation of their dental microwear 

406 textures. Experimental settings (Ramdarshan et al. 2016; Teaford et al. 2018) and applied 

407 studies (Berlioz et al. 2018) have shown that secondary foods may affect dental microwear 

408 textures to a considerable extent, suggesting that poor dietary records for some South 

409 American rodents may explain the apparent discrepancy with tooth wear.

410 This study represents a first step in the use of the DMTA to generate proxies for studying 

411 the ecology of caviomorph rodents. Our data covers the main dietary preferences among 

412 extant caviomorph rodents, and is therefore a prerequisite for interpretation of dental 
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413 microwear textures of extinct caviomorph taxa as a means of reconstructing and estimating 

414 their diets, and further our understanding of the resource partitioning in paleocommunities and 

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

416

417 ACKNOWLEDGEMENTS

418

419 The authors thank João A. de Oliveira for permitting access to materials under his care at 

420 the Museu Nacional do Universidad Federal do Rio de Janeiro. We thank Anusha 

421 Ramdarshan (Rekki, London)and Julien Claude (ISE-M)for their help in the use of the 

422 software R; and Manon Hullot (ISE-M) for fruitful and helpful conversations. We thank 

423 Susan Loeb (Clemson University) for her help in improving the English of this manuscript. 

424 We thank John Scheibe and two anonymous reviewers for their insightful comments on a 

425 previous version of this work. This work was supported by the CoopIntEER 

426 CNRS/CONICET (PIs: A. Candela and L. Marivaux) and the ECOS-SUD/FONCyT (A14-

427 U01; PIs: P.-O. Antoine [ISE-M] and F. Pujos [IANIGLA, Mendoza]) international 

428 collaboration programs, the ISE-M (IRD projets au Sud) and by the Laboratoire de 

429 Paléontologie (ISE-M; PI: L. Marivaux).The dental microwear textural analyses were 

430 supported by the French Agence Nationale de la Recherche (ANR)“TRIDENT” project(ANR-

431 13-JSV7-0008-01; PI: G. Merceron).This work was further supported by the Investissements 

432 d’Avenir grant managed by the ANR (Labex CEBA [Centre d’Etude de la Biodiversité 

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

434

435 SUPPLEMENTARY DATA

436

Page 18 of 62

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

19

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 = w).

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. ARÉVALO, 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

Page 19 of 62

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

20

461 BELMAKER, M. 2018. Dental microwear of small mammals as a high resolution paleohabitat 

462 proxy: opportunities and challenges, Journal of Archaeological Science: Reports, 

463 18:824-838.

464 BENJAMINI, Y., AND YEKUTIELI, D. 2001. The control of the false discovery rate in multiple 

465 testing under dependency. Annals of Statistics, 29, 1165–1188. 

466 doi: 10.1214/aos/1013699998.

467 BERGALLO, H. G. 1994. Ecology of a small mammal community in an Atlantic Forest area in 

468 Southeastern Brazil. Studies on Neotropical Fauna and Environment 29:197-217.

469 BERGALLO, H. G. 1995. Comparative life-history characteristics of two species of rats, 

470 Proechimys iheringi and Oryzomys intermedius, in an Atlantic Forest of Brazil. 

471 Mammalia 59:51-64.

472 BERGALLO, H. G., AND W. E. MAGNUSSON. 1999. Effects of climate and food availability on 

473 four rodent species in southeastern Brazil. Journal of Mammalogy 80:472-486.

474 BERLIOZ, E., C. AZORIT, C. BLONDEL, M. S. TELLADORUIZ, AND G. MERCERON. 2017. Deer 

475 in an arid habitat: dental microwear textures track feeding adaptability. Hystrix 28:222-

476 230. 

477 BERLIOZ, E., D. S. KOSTOPOULOS, C. BLONDEL, AND G. MERCERON. 2018. Feeding ecology 

478 of Eucladoceros ctenoides as a proxy to track regional environmental variations in 

479 Europe during the early Pleistocene. Comptes Rendus Palevol 17:320-332.

480 BLONDEL, C.,  ET AL. 2018. Feeding ecology of Tragelaphini (Bovidae) from the Shungura 

481 Formation, Omo Valley, Ethiopia: contribution of dental wear analyses. 

482 Palaeogeography, Palaeoclimatology, Palaeoecology 496:103-120.

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

484 Amazonia. Palaeontologia Electronica 20:1-50.

Page 20 of 62

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy

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


For Review Only

21

485 BOIVIN, M., L. MARIVAUX, AND P.–O. ANTOINE. 2019. L’apport du registre paléogène 

486 d’Amazonie sur la diversification initiale des Caviomorpha (Hystricognathi, Rodentia) : 

487 implications phylogénétiques, macroévolutives et paléobiogéographiques. Geodiversitas 

488 41: 143-245.

489 BOWERS, M.A., AND J. H. BROWN. 1982. Body size and coexistence in desert rodents: chance 

490 or community structure? Ecology 63:391-400.

491 BOX, G. E. P., AND D. R. COX. 1964. An analysis of transformations. Journal of the Royal 

492 Statistical Society, Series B. 26:211–252.

493 BRITO, D., AND M. S. L. FIGUEIREDO. 2003. Minimum viable population and conservation 

494 status of the Atlantic Forest spiny rat Trinomys eliasi. Biological Conservation 112:153-

495 158.

496 BURGIN, C. J., J. P. COLELLA, P. L. KAHN, AND N. S. UPHAM. 2018. How many species of 

497 mammals are there? Journal of Mammalogy 99: 1-14.

498 BURGMAN, J., J. LEICHLITER, N. AVENANT, AND P. S. UNGAR. 2016. Dental microwear of 

499 sympatric rodent species sampled across habitats in southern Africa: implications for 

500 environmental influence. Integrative Zoology 11:111–27. 

501 BUTLER, P. M. 1980. Functional aspects of the evolution of rodent molars. Palaeovertebrata: 

502 Mémoire Jubilaire R. Lavocat, 249–262.

503 CABRERA, A. L., AND A. WILLINK. 1973. Biogeografía de América latina. Washington DC: 

504 Programa Regional de Desarrollo Científico y Tecnológico.

505 CALANDRA, I., AND G. MERCERON. 2016. Dental microwear texture analysis in mammalian 

506 ecology. Mammal Review 46:215–228.

507 CALANDRA, I., K. ZUB, P. A. SZAFRAŃSKA, A. ZALEWSKI, AND G. MERCERON. 2016. Silicon-

508 based plant defenses, tooth wear and voles. Journal of Experimental Biology 219:501–

509 507.

Page 21 of 62

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

22

510 CALDARA, V., AND Y. L. R. LEITE. 2012. Geographic variation in hairy dwarf porcupines of 

511 Coendou from eastern Brazil (Mammalia: Erethizontidae). Zoologia, 29(4).

512 CANEVARI, M., AND O. VACCARO (eds.). 2007. Guía de mamíferos del sur de América del Sur 

513 (Vol. 19). Buenos Aires: LOLA.

514 CATZEFLIS, F., J. PATTON, A. PERCEQUILLO, C. BONVICINO, AND M. WEKSLER. 2008. 

515 Euryzygomatomys spinosus, in IUCN 2010. IUCN Red List of Threatened Species. 

516 Version 2010.4. www.iucnredlist.org. Accessed 28 November 2018.

517 COOK, R. J., AND V. T. FAREWELL. 1996. Multiplicity considerations in the design and 

518 analysis of clinical trials. Journal of the Royal Statistical Society Series A (Statistics in 

519 Society): 93‒110.

520 COVERT, H. H.,AND R. F. KAY. 1981. Dental microwear and diet: implications for 

521 determining the feeding behaviors of extinct primates, with a comment on the dietary 

522 pattern of Sivapithecus. American Journal of Physical Anthropology 55:331-336.

523 DESANTIS, L. R. G., ET AL. 2013. Direct comparisons of 2D and 3D dental microwear proxies 

524 in extant herbivorous and carnivorous mammals. PLoS ONE 8: e71428.

525 DONATTI, C. I., P. R. Jr. GUIMARÃES, AND M. GALETTI. 2009. Seed dispersal and predation in 

526 the endemic Atlantic rainforest palm Astrocaryum aculeatissimum across a gradient of 

527 seed disperser abundance. Ecological Research 24:1187-1195.

528 DUBOST, G. 1988. Ecology and social life of the acouchy, Myoprocta exilis, with comparison 

529 the orange-rumped agouti, Dasyprocta leporina. Journal of Zoology (London) 214:107-

530 123.

531 EISENBERG J. F., AND K. H. REDFORD. (eds.). 1999. Mammals of the Neotropics, the Central 

532 Neotropics. The University of Chicago Press, Chicago.

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

534 Chicago Press, Chicago. 281pp. 

Page 22 of 62

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

23

535 EMMONS, L. H.,AND F. FEER (eds.). 1997. Neotropical Rainforest Mammals: a Field Guide. 

536 2nd ed. University of Chicago Press, Chicago.

537 FABRE, P.-H., J.L. PATTON, AND Y. L. R. LEITE. 2016. Family Echimyidae. Pp. 552–641 in 

538 Handbook of the Mammals of the World. Vol. 6. Lagomorphs and Rodents I. (D. E. 

539 Wilson, T. E. Jr Lacher and R. A. Mittermeier, eds.). Lynx Edicions, Barcelona.

540 FIELD, C.R. 1972. The food habits of wild ungulates in Uganda by analyses of stomach 

541 contents. African Journal of Ecology 10:17-42.

542 FIRMAT, C., H. GOMESRODRIGUES, S. RENAUD, R. HUTTERER, F. GARCIA-TALAVERA, AND J. 

543 MICHAUX. 2010. Mandible morphology, dental microwear, and diet of the extinct giant 

544 rats Canariomys (Rodentia: Murinae) of the Canary Islands (Spain). Biological Journal 

545 of the Linnean Society, 101:28-40.

546 FRANCISCO, A., C. BLONDEL, N. BRUNETIERE, A. RAMDARSHAN, AND G. MERCERON. 2018. 

547 Enamel surface topography analysis for diet discrimination. A methodology to enhance 

548 and select discriminative parameters. Surface Topography: Metrology and Properties, 6: 

549 015002.

550 GALETTI, M., C. I. DONATTI, A. S. PIRES, P. R. Jr GUIMARÃES, AND P. JORDANO. 2006. Seed 

551 survival and dispersal of an endemic Atlantic forest palm: the combined effects of 

552 defaunation and forest fragmentation. Botanical Journal of the Linnean Society, 

553 151:141-149.

554 GALINDO-LEAL, C., AND G. I. CÂMARA. 2003. Atlantic forest hotspot status. Pp. 3-11 in The 

555 Atlantic forest of South America: biodiversity status, threats, and outlook. [State of the 

556 Hotspots.] (C. Galindo-Leal and I. G. Câmara, eds.). CABS and Island Press, 

557 Washington.

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

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

Page 23 of 62

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

24

560 GODFREY, L. R., G. M. SEMPREBON, W. J. JUNGERS, M. R. SUTHERLAND, E. L. SIMONS, AND 

561 N. SOLOUNIAS. 2004. Dental use wear in extinct lemurs: evidence of diet and niche 

562 differentiation. Journal of Human Evolution 47:145-169.

563 GOMES RODRIGUES, H., G.MERCERON, ANDL. VIRIOT. 2009. Dental microwear patterns of 

564 extant and extinct Muridae (Rodentia, Mammalia): Ecological implications. 

565 Naturwissenschaften, 96:537–542. https://doi.org/10.1007/s00114-008-0501-x

566 GONÇALVES, G. L., M. A. FARIA-CORREA, A. S. CUNHA, AND T. R. FREITAS. 2007. Bark 

567 consumption by the spiny rat Euryzygomatomys spinosus (G. Fischer)(Echimyidae) on a 

568 Pinus taeda Linnaeus (Pinaceae) plantation in South Brazil. Revista Brasileira de 

569 Zoologia, 24:260-263.

570 GUICHÓN, M. L., AND M. H. CASSINI. 1998. Role of diet selection in the use of habitat by 

571 pampas cavies Cavia aperea pamparum (mammalian, Rodentia). Mammalia 62:23-35.

572 HENRY, O. 1999. Frugivory and the importance of seeds in the diet of the orange-rumped 

573 agouti (Dasyprocta leporina) in French Guiana. Journal of Tropical Ecology 15:291-

574 300.

575 HODSON, M. J., P. J. WHITE, A. MEAD, AND M. R. BROADLEY. 2005. Phylogenetic variation 

576 in the silicon composition of plants. Annals of Botany 96:1027–1046.

577 IBGE—INSTITUTO BRASILERO DE GEOGRAFIA ESTATÁSTICA. 1993. Mapa de vegetação do 

578 Brasil. Map 1:5,000,000. Rio de Janeiro, Brazil.

579 JORGE, M. S.,AND C. A. PERES. 2005. Population density and home range size of red‐rumped 

580 Agoutis (Dasyprocta leporina) within and outside a natural Brazil nut stand in 

581 Southeastern Amazonia 1. Biotropica: The Journal of Biology and Conservation, 

582 37:317-321.

Page 24 of 62

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

25

583 KARME, A., RANNIKKO, J., KALLONEN, A., CLAUSS, M., AND M. FORTELIUS. 2016. Mechanical 

584 modeling of tooth wear. Journal of the Royal Society Interface 13: 20160399. 

585 http://dx.doi.org/10.1098/rsif.2016.0399

586 LACHER, Jr.,T. E. 2016. Family: Caviidae. Pp. 406–439 in Handbook of the Mammals of the 

587 World. Vol. 6. Lagomorphs and Rodents I. (D. E. Wilson, T. E. Jr Lacher, and R. A. 

588 Mittermeier, eds.). Lynx Edicions, Barcelona.

589 LACHER, Jr.,T. E., W. J. MURPHY, J. ROGAN, A. T. SMITH, AND N. S. UPHAM. 2016. 

590 Evolution, Phylogeny, Ecology, and Conservation of the Clade Glires: Lagomorpha and 

591 Rodentia. Pp. 15-29 in Handbook of the Mammals of the World. Vol. 6. Lagomorphs 

592 and Rodents I. (D. E. Wilson, T. E. Jr Lacher and R. A. Mittermeier, eds.). Lynx 

593 Edicions, Barcelona.

594 LEITE, Y. L. R. 2003. Evolution and systematics of the Atlantic tree rats, genus Phyllomys 

595 (Rodentia, Echimyidae), with description of two new species (Zoology Vol. 132). 

596 University of California Press.

597 LEITE, Y. L. R., AND A. C. LOSS.  2015.  Genus Phyllomys Lund, 1839.  Pp. 915–928 in 

598 Mammals of South America, Vol. 2: Rodents (J. L. Patton, U. F. J. Pardiñas, and G. 

599 D’Elía, eds.).  University of Chicago Press.  Chicago, Illinois, U.S.A.

600 LUCAS, P.W., ET AL. 2013. Mechanisms and causes of wear in tooth enamel: Implications for 

601 hominin diets. Journal of the Royal Society Interface 10:1-9.

602 MACDONALD, D. W. 1981. Dwindling resources and the social behavior of Capybaras, 

603 (Hydrochoerus hydrochaeris) (Mammalia). JournalofZoology 194:371-391.

604 MANTOVANI, W. 1993. Estrutura e dinâmica da floresta AtlânticanaJuréia, Iguape-SP. Tese de 

605 LivreDocência. Universidade de São Paulo, São Paulo.

606 MARES, M.A., AND A. OJEDA. 1982. Patterns of diversity and adaptation in South American 

607 hystricognath rodents. Pp. 185–192 in Mammalian Biology in South America. (M.A. 

Page 25 of 62

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

26

608 Mares and H. H. Genoways, eds.). Special Publication 6, Pymatuning Laboratory of 

609 Ecology. Linesville, Pennsylvania, U.S.A.

610 MARTIN, F., C.-A. PLASTIRAS, G. MERCERON, A. SOURON, AND J.-R. BOISSERIE. 2018. 

611 Dietary niches of terrestrial cercopithecines from the Plio-Pleistocene Shungura 

612 Formation, Ethiopia: evidence from Dental Microwear Texture Analysis. Scientific 

613 Report 8(1): 14052. 

614 MELLO, J. H. F., T. P. MOULTON, D. S. L. RAÍCES, AND H. G. BERGALLO. 2015. About rats 

615 and jackfruit tree: modeling the carrying capacity of a Brazilian Atlantic Forest spiny rat 

616 Trinomys dimidiatus (Günther, 1877) – Rodentia, Echimyidae – population with 

617 varying jackfruit tree (Artocarpus heterophyllus L.) abundances. Brazilian Journal of 

618 Biology 75:208-215.

619 MERCERON, G., C. BLONDEL, M. BRUNET, S. SEN, N. SOLOUNIAS, L. VIRIOT, AND E. HEINTZ. 

620 2004. The Late Miocene paleoenvironment of Afghanistan as inferred from dental 

621 microwear in artiodactyls. Palaeogeography, Palaeoclimatology, Palaeoecology 

622 207:143-163.

623 MERCERON, G., C. BLONDEL, N. BRUNETIÈRE, A. FRANCISCO, D. GAUTIER, AND A. 

624 RAMDARSHAN. 2018a. Dental microwear and controlled food testing on sheep: The 

625 TRIDENT project. Biosurface and Biotribology 3:174-183.

626 MERCERON, G., M. COLYN, AND D. GERAADS. 2018b. Browsing and non-browsing extant and 

627 extinct giraffids: evidence from dental microwear textural analysis. Palaeogeography, 

628 Palaeoclimatology, Palaeoecology 505:128-139.

629 MERCERON, G., G. ESCARGUEL, J.-M. ANGIBAULT, AND H. VERHEYDEN-TIXIER. 2010. Can 

630 dental microwear textures record inter-individual dietary variations? PLoS ONE 5(3), 

631 e9542.

Page 26 of 62

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

27

632 MERCERON, G., E. HOFMAN-KAMIŃSKA, AND R. KOWALCZYK. 2014. 3D dental microwear 

633 texture analysis of feeding habits of sympatric ruminants in the Białowieża Primeval 

634 Forest, Poland. Forest Ecology and Management 328:262–269.

635 MERCERON, G., A. NOVELLO, AND R. S. SCOTT. 2016a. Paleoenvironments inferred from 

636 phytoliths and Dental Microwear Texture Analyses of meso-herbivores. Geobios 

637 49:135-146.

638 MERCERON, G., ET AL. 2016b. Untangling the environmental from the dietary: dust does not 

639 matter. Proceedings of the Royal Society B, 283(1838), 20161032.

640 MONES, A., AND J. OJASTI. 1986. Hydrochoerus hydrochaeris. Mammalian Species 264:1-7.

641 MORALES, M., AND N.P.GIANNINI.2010. Morphofunctional patterns in Neotropical felids: 

642 species coexistence and historical assembly. Biological Journal of the Linnean Society 

643 100: 711–724.

644 MYERS, N., R. A. MITTERMEIER, C. G. MITTERMEIER, G. A. DAFONSECA, AND J. KENT. 2000. 

645 Biodiversity hotspots for conservation priorities. Nature 403:853-858.

646 NAPIER, J.R., AND P.H. NAPIER. 1967. A Handbook of Living Primates. Academic Press, 

647 London.

648 NOWAK, R. M. (ed.). 1999. Walker’s mammals of the world. 6th ed. Johns Hopkins 

649 University Press, Baltimore, Maryland.

650 OJEDA, R. A., A. NOVILLO, AND A. A. OJEDA. 2015. Large-scale richness patterns, 

651 biogeography and ecological diversification in caviomorph rodents. Pp 121-138 in 

652 Biology of Caviomorph Rodents: diversity and evolution. (A. I. Vassallo and D. 

653 Antenucci, eds.). Sociedad Argentina para el Estudio de los Mamíferos (SAREM), 

654 Buenos Aires, Argentina.

Page 27 of 62

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

28

655 OLIVER, A., ET AL. 2014. Dental microwear analysis in Gliridae (Rodentia): methodological 

656 issues and paleodiet inferences based on "Armantomys" from the Madrid Basin (Spain). 

657 Journal of Iberian Geology 40:157-166.

658 OLMOS, F. 1992. Observations on the behavior and population dynamics of some Brazilian 

659 Atlantic Forest rodents. Mammalia 55:555-566.

660 OLMOS, F., M. GALETTI, M. PASCHOAL, AND S. L. MENDES. 1993. Habits of the southern 

661 bamboo rat, Kannabateomy samblyonyx (Rodentia, Echimyidae) in southeastern Brazil. 

662 Mammalia, 57:325-336.

663 OLSON, D. M., ET AL. 2001. Terrestrial Ecoregions of the World: A New Map of Life on 

664 Earth: A new global map of terrestrial ecoregions provides an innovative tool for 

665 conserving biodiversity, BioScience 51: 933–938.

666 PASSAMANI, M. 2009. Use of space and activity pattern of Sphiggurus villosus (F. Cuvier, 

667 1823) from Brazil (Rodentia: Erethizontidae). Mammalian Biology 75:455-458.

668 PATTERSON, B. 2016. Trinomys gratiosus. in IUCN 2015. IUCN Red List of Threatened 

669 Species. Version 2015.3. www.iucnredlist.org. Accessed 20 December 2018.

670 PATTON, J. L., U. F. PARDIÑAS, AND G. D’ELÍA. (eds). 2015. Mammals of South America. 

671 Vol. 2: Rodents. University of Chicago Press, Chicago.

672 PERCHER, A. M., G. MERCERON, G. NSIAKOUE, J.GALBANY, A. ROMERO, AND M. J. 

673 CHARPENTIER. 2017. Dental microwear textural analysis as an analytical tool to depict 

674 individual traits and reconstruct the diet of a primate. American Journal of Physical 

675 Anthropology 165:123–138. 

676 PINTO, M. P., AND C. E. V. GRELLE. 2012. Minimizing conservation conflict for endemic 

677 primate species in Atlantic forest and uncovering knowledge bias. Environmental 

678 Conservation, 39:30–37.

Page 28 of 62

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

29

679 PIPERNO, D. R. (ed.). 1988. Phytolith analysis: an archaeological and geological perspective. 

680 Academic Press: San Diego.

681 PLAVCAN, M. J., AND D. A. COPE. 2001. Metric variation and species recognition in the fossil 

682 record. Evolutionary Anthropology: Issues, News, and Reviews 10:204‒22.

683 QUINTANA, R.D., S. MONGE, AND A.I. MALVÁREZ. 1998. Feeding patterns of capybara 

684 Hydrochaeris hydrochaeris (Rodentia ,Hydrochaeridae) and cattle in the non-insular 

685 area of the Lower Delta of the Parana River , Argentina. Mammalia, 62:37–52.

686 R DEVELOPMENT CORE TEAM. 2018. R: a language and environment for statistical computing. 

687 R Foundation for Statistical Computing. Vienna, Austria. www.R-project.org/.

688 RAMDARSHAN, A., T. ALLOING-SÉGUIER, G. MERCERON, AND L. MARIVAUX. 2011. The 

689 primate community of Cachoeira (Brazilian Amazonia): a model to decipher ecological 

690 partitioning among extinct species. PLoS ONE 6: e27392.

691 RAMDARSHAN, A., ET AL. 2016. Seeds, browse, and tooth wear: a sheep perspective. Ecology 

692 and Evolution 6:5559:5569.

693 RAMDARSHAN, A., C. BLONDEL, D. GAUTIER, J. SURAULT, AND G. MERCERON. 2017. 

694 Overcoming sampling issues in dental tribology: insights from an experimentation on 

695 sheep. Palaeontologia Electronica 19.3.53A:1-19.

696 REDFORD, K. H., AND J. F. EISENBERG (eds.). 1992. Mammals of the Neotropics: the southern 

697 Cone. University of Chicago Press, Chicago, Illinois. 

698 RENSBERGER, J. M. 1973. An occlusion model for mastication and dental wear in herbivorous 

699 mammals. Journal of Paleontology 47:515–528.

700 ROACH, N., AND L. NAYLOR. 2016. Trinomys eliasi. In: IUCN 2015. The IUCN Red List of 

701 Threatened Species. Version 2015.3. www.iucnredlist.org. Accessed 20 December 

702 2018.

Page 29 of 62

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy

http://www.R-project.org.


For Review Only

30

703 ROBINSON, J. G., AND K. H. REDFORD. 1986. Body size, diet and population density of 

704 Noetropical Forest Mammals. The American Naturalist 128:665-680. 

705 ROOD, J. P. 1972. Ecological and behavioral comparisons of three genera of Argentine cavies. 

706 Animal Behavior Monographs 5:1-83.

707 SANSON, G. D. 2006. The Biomechanics of Browsing and Grazing. American Journal of 

708 Botany 93:1531-1545.

709 SANSON, G. D., S. A. KERR, AND K. A. GROSS. 2007. Do silica phytoliths really wear 

710 mammalian teeth? Journal of Archaeological Science 34:526-531.

711 SCHOENER, T. W. 1974. Resource partitioning in ecological communities. Science 185:27-39.

712 SCHULZ, E., V. PIOTROWSKI, M. CLAUSS, M. MAU, G. MERCERON, AND T. M. KAISER. 2013. 

713 Dietary abrasiveness is associated with variability of microwear and dental surface 

714 texture in rabbits. PLoS ONE 8: e56167.

715 SCOTT, J. R. 2012. Dental microwear texture analysis of extant African Bovidae. Mammalia 

716 76:157–174. 

717 SCOTT, R. S., P. S. UNGAR, T. S. BERGSTROM, C. A. BROWN, F. E. GRINE, M.F. TEAFORD, AND 

718 A. WALKER. 2005. Dental microwear texture analysis shows within-species diet 

719 variability in fossil hominins. Nature 436:693–695. 

720 SCOTT, R. S., ET AL. 2006. Dental microwear texture analysis: technical considerations. 

721 Journal of Human Evolution 51:339‒49. 

722 SCOTT, R. S., M. F. TEAFORD, AND P. S. UNGAR.2012. Dental microwear texture and 

723 anthropoid diets. American Journal of Physical Anthropology, 147:551–579.

724 SILCOX, M. T. AND M. F. TEAFORD. 2002. The diet of worms: an analysis of mole dental 

725 microwear. Journal of Mammalogy 83:804–814.

Page 30 of 62

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

31

726 SMYTHE, N. 1986. Competition and Resource Partitioning in the Guild of Neotropical 

727 Terrestrial Frugivorous Mammals. Annual Review of Ecology and Systematics 17: 169-

728 188.

729 SOLOUNIAS, N., M. F. TEAFORD, AND A. WALKER. 1988. Interpreting the diet of extinct 

730 ruminants: the case of a non-browsing giraffid. Paleobiology, 14:287-300.

731 SOLOUNIAS, N., AND G. SEMPREBON. 2002. Advances in the reconstruction of ungulate 

732 ecomorphology with application to early fossil equids. American Museum Novitates:1-

733 49.

734 SOURON, A., ET AL. 2015. Three-dimensional dental microwear texture analysis and diet in 

735 extant Suidae (Mammalia: Cetartiodactyla). Mammalia 79: 279–291.

736 TEAFORD, M. F., AND O. J. OYEN. 1989. In vivo and in vitro turnover in dental microwear. 

737 American Journal of Physical Anthropology 80:447‒60. 

738 TEAFORD, M. F., P. S.UNGAR, A. B. TAYLOR, C. F. ROSS, AND C. J. VINYARD. 2018. In vivo 

739 rates of dental microwear formation in laboratory primates fed different food items. 

740 Biosurface and Biotribology 3:166-173.

741 TOWNSEND, K. E. B., AND D. A. CROFT. 2008. Enamel microwear in caviomorph rodents. 

742 Journal of Mammalogy 89:730-43.

743 UNGAR, P. S. 2015. Mammalian dental function and wear: A review. 

744 BiosurfaceandBiotribology1:25-41. 

745 UNGAR, P. S., ET AL. 2017. Dental microwear and Pliocene paleocommunity ecology of 

746 bovids, primates, rodents, and suids at Kanapoi. Journal of Human Evolution. In press. 

747 https://doi.org/10.1016/j.jhevol.2017.03.005

748 UNGAR, P. S., C. A. BROWN, T. S. BERGSTROM, AND A. WALKER. 2003. Quantification of 

749 dental microwear by tandem scanning confocal microscopy and scale-sensitive fractal 

750 analyses. Scanning 25:185-193. 

Page 31 of 62

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

32

751 UPHAM, N. S., AND B. D. PATTTERSON.2015. Phylogeny and evolution of caviomorph 

752 rodents: a complete timetree for living genera. Pp: 63–120 in Biology of Caviomorph 

753 Rodents: diversity and evolution (A. I. Vassallo and D. Antenucci, eds.). Sociedad 

754 Argentina para el Estudio de los Mamíferos (SAREM), Buenos Aires, Argentina.

755 VELOSO, H. P., A. L. R. RANGEL-FILHO, AND J. C. A. LIMA. 1991. Classificação da vegetação 

756 brasileira adaptada a um sistema universal. IBGE, Rio de Janeiro.

757 VIEIRA, M.V. 2003. Seasonal niche dynamic in coexisting rodents of the Brazilian Cerrado. 

758 Studies on Neotropical Fauna and Environment 38:7-15. 

759 WALKER, A., H. N. HOECK, AND L. PEREZ. 1978. Microwear of mammalian teeth as an 

760 indicator of diet. Science 201:908-910.

761 WILSON, D. E., AND D. M. REEDER (eds.). 2005. Mammal species of the world: a taxonomic 

762 and geographic reference. 3rd ed. Johns Hopkins University Press. Baltimore, 

763 Maryland.

764 WILSON, L.A.B., AND M. GEIGER. 2015. Diversity and evolution of femoral variation in 

765 Ctenohystrica. Pp 510–538 in Evolution of the Rodents: Advances in Phylogeny, 

766 Functional Morphology and Development (P. Cox and L. Hautier, eds.). Cambridge 

767 University Press. Cambridge, United Kingdom.

768 WILSON, D. E., T. E. Jr. LACHER, AND R. A. MITTERMEIER (EDS.). 2016. Handbook of the 

769 Mammals of the World, Volume 6: Lagomorphs and Rodents I. Lynx Edicions, 

770 Barcelona.

771 WINKLER, D. E., E. SCHULZ-KORNAS, T. M. KAISER, A. DECUYPER, M. CLAUSS, AND T. 

772 TÜTKEN. 2019. Forage silica and water content control dental surface texture in guinea 

773 pigs and provide implications for dietary reconstruction. Proceedings of the National 

774 Academy of Sciences,116: 1325-1330. 

Page 32 of 62

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

33

775 WOOD, A. E. 1955. A revised classification of the rodents. Journal of Mammalogy, 36:165–

776 187.

777 WOOD, C. A., AND C. W. KILPATRICK. 2005. Infraorder Hystricognathi. Pp 1538-1600 in 

778 Mammal species of the world: a taxonomic and geographic reference. 3rd ed. (D. E. 

779 Wilson and D. M. Reeder, eds.) Johns Hopkins University Press, Baltimore, Maryland.

780 WWF [WORLD WIDE FUND FOR NATURE]. 2019. Terrestrial ecoregions. 

781 www.worldwildlife.org/ecoregions/nt0160. Accessed 15 October 2018.

Page 33 of 62

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

34

783 FIGURE LEGENDS

784

785 Figure 1. —Geographic location of the Serra do Mar coastal forest (as delineated by Olson et 

786 al. 2001 sensu IBGE 1993) situated in the Atlantic forest (eastern Brazil).Simplified 

787 distribution of the brazilian Atlantic forest inspired by Pinto and Grelle (2012).Brazilian states 

788 abbreviations: CE, Ceará; RN, Rio Grande do Norte; PB, Paraíba; PE, Pernambuco; AL, 

789 Alagoas; SE, Sergipe; PI, Piauí; BA, Bahia; GO, Goiás; MG, Minas Gerais; ES, Espírito 

790 Santo; RJ, Rio de Janeiro; MS, Mato Grosso do Sul; SP, São Paulo; PR, Paraná; SC, Santa 

791 Catarina and RS, Rio Grande do Sul.

792

793 Figure 2.—Graphical representation of the acquisition process and measurement position of 

794 the chewing facet of the right upper first molar (M1) of Coendou spinosus (MN19327)and 

795 corresponding photosimulation and 3D representation of the studied surface 

796 (A).Photosimulations of obtained 3D surfaces for each dental morphotype (B). Drawings and 

797 photosimulations of (from left to right):Cavia aperea (MN24372), Dasyprocta leporina 

798 (MN6694), Euryzygomatomys spinosus (MN70164), Phyllomys pattoni (MN31566), 

799 Hydrochoerus hydrochaeris (MN73284), and Kannabateomys amblyonyx (MN6239). The 

800 light gray filling indicates the enamel layer. Arrows indicates mesio-lingual direction. Scale 

801 bar = 1 mm.

802

803 Figure 3.—Boxplots of microwear texture variables by dietary preferences. A, complexity 

804 (Asfc); B, anisotropy (epLsar); C, heterogeneity of complexity (HAsfc9); D, heterogeneity of 

805 complexity (HAsfc16); E, textural fill volume (Tfv). Dietary categories: Aq, “aquatic 

806 vegetation;”Ba, “bamboo;”FS, “fruit-seed;”Gr, “grass;”Le, “leaf;”LI, “leaf-insect;”YL, 

807 “young leaf.”
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808

809 Figure 4.—Boxplots of microwear texture variables for “fruit-seed”(black) and “leaf-insect” 

810 (grey) eating species. A, complexity (Asfc); B, anisotropy (epLsar); C, heterogeneity of 

811 complexity (HAsfc16); D, textural fill volume (Tfv).When pairwise comparison showed 

812 significant differences between taxa, different letters indicates significant differences 

813 (Fisher’s LSD, p<0.05).

814

815 Figure 5. —Boxplots of microwear texture variables for “grass”(Gr), “aquatic vegetation”(Aq) 

816 and “leaf” eating (Le) species. A, complexity (Asfc); B, anisotropy (epLsar); C, heterogeneity 

817 of complexity (HAsfc9); D, textural fill volume (Tfv).
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818 TABLES

819

820 Table 1.—Classification, ecology and sample size of caviomorph rodents used in this study. Life-styles: arboreal (A), semi-aquatic (SA), semi-

821 fossorial (SF), and terrestrial (T). Body mass is expressed in grams. Asterisks indicate that body masses were not available in the catalog of the 

822 MN-UFRJ for the sampled specimens and were derived from Alvarez et al. (2017; supplementary material). Double asterisks indicate when body 

823 mass was available for only one specimen.

Taxa Habitat Lifestyle Activity Mean mass 
(sd) Diet Dietary 

group Referencesa

Caviidae

Cavia apera
Brazilian guinea pig

gallery forest, also 
found near cultivated 
areas

T diurnal 552.2*
mainly grasses, 
including inflorescences 
and seeds

grass 1, 2, 3, 4, 5, 
6, 7, 8

Hydrochoerus hydrochaeris
Capybara

open area, close to 
water, along rivers and 
streams

SA diurnal or 
nocturnal 51899*

grasses, sedges, aquatic 
vegetation, occasionally 
browse on shrubs

aquatic 
vegetation

3, 5, 7, 8, 9, 
10, 11, 12

Dasyproctidae

Dasyprocta leporina
Red-rumped agouti

open forest, usually 
distant from both water 
and dense vegetation

T diurnal 4136.7 (784)

primarily fruits and 
seeds, and nuts (scatter 
hoarder), and leaves as a 
fallback food

fruit-seed 7, 8, 13, 14, 
15, 16

Erethizontidae
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Coendou spinosus
Paraguayan hairy dwarf 
porcupine

humid tropical and 
subtropical forest, 
prefers primary forest

A nocturnal 1435 (351)

young leaves of 
Fabaceae, Sapotaceae 
and Dilleniaceae, 
sprouts and flowers, ant 
pupae

youngleaf 2, 7, 8, 11, 
17, 18, 19

Echimyidae

Trinomys dimidiatus
Rio de Janeiro spiny rat

relatively open interior 
climax evergreen 
rainforest

T nocturnal 223.4 (12) fruits, seeds, maybe 
insects fruit-seed 7, 8, 20

Trinomys eliasi
Elia’s spiny rat

evergreen moist forest, 
dry land forest, most 
common in dense 
undergrowth

T nocturnal 211.4 (32) fruits, seeds, maybe 
insects fruit-seed 7, 8, 21, 22

Trinomys gratiosus
Gracile Atlantic spiny rat

evergreen forest with a 
lot of humidity and a 
dense overstory, above 
600m

T nocturnal 241.7 (46) fruits, seeds, maybe 
insects fruit-seed 7, 8, 23

Trinomys iheringi
São Paulo spiny rat

evergreen forest with a 
lot of humidity, above 
600m

T nocturnal 162.4 (22)
fruits, seeds (scatter 
hoarder, Arecaceae), 
maybe insects

fruit-seed 7, 8, 24, 25, 
26, 27

Euryzygomatomys spinosus
Guiara habitat generalist SF nocturnal 241.2 (17)

leaves and insects, 
sometimes bark, 
omnivorous

leaf-insect 2, 5, 7, 8, 
28, 29, 30

Kannabateomys amblyonyx
Atlantic bamboo rat

inland rainforest, wet 
gallery forest and 
bamboo patches

A
nocturnal 
or 
crepuscular

414.4 (43)

inner tissues of shoots of 
bamboo, after removal 
of outer hard and spiny 
sheet

bamboo
3, 5, 7, 8, 
11, 31, 32, 
33
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Phyllomys pattoni
Patton’s Atlantic tree rat

evergreen rainforest, 
prefers primary forest 
and dense vegetation

A nocturnal 226.9 (5)
folivorous diet, maybe 
more diverse than other 
arboreal Echimyidae

leaf 5, 6, 7, 8, 31

Phyllomys nigrispinus
Black-spined Atlantic tree 
rat

coastal evergreen 
rainforest A nocturnal 325** folivorous diet leaf 5, 6, 7, 8, 31

824

825 aReferences:1) Rood 1972; 2) Redford and Eisenberg 1992; 3) Eisenberg and Redford 1999;4) Guichón and Cassini 1998; 5) Woods and Kilpatrick 2005; 6) Canevari and Vaccaro 2007; 7) 

826 Patton et al. 2015; 8) Wilson et al. 2016;9) Macdonald 1981; 10) Mones and Ojasti 1986; 11) Emmons and Feer 1997; 12) Quintana et al. 1998; 13) Smythe 1986; 14) Dubost 1988; 15) Henry 

827 1999; 16) Jorge and Peres 2005; 17) Wilson and Reeder 2005; 18) Passamani 2009; 19) Caldara and Leite 2012; 20) Mello et al.2015; 21) Brito and Figueiredo 2003; 22) Roach and Naylor 

828 2016; 23) Patterson 2016; 24) Bergallo 1994; 25) Bergallo 1995; 26) Bergallo and Magnusson 1999; 27) Donatti et al. 2009; 28) Alho 1982; 29) Gonçalves et al. 2007; 30) Catzeflis et al. 2008; 

829 31) Emmons 1990; 32) Olmos 1992; 33) Olmos et al. 1993.
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831 Table 2.—Descriptive statistics of dental microwear texture parameters for each taxon of the Serra do Mar Atlantic Forest ecoregion. Number of 

832 individuals per sample = n; X̄ = mean; med = median; sd= standard deviation.

Asfc epLsar (x10-3) HAsfc4 HAsfc9 HAsfc16 Tfv

Taxa n X̄ med sd X̄ med sd X̄ med sd X̄ med sd X̄ med sd X̄ med sd

Cavia aperea 4 3.12 2.80 1.27 2.47 2.51 0.82 0.34 0.29 0.12 0.39 0.41 0.12 0.48 0.47 0.16 1334.38 1097.80 564.61

Coendou spinosus 18 0.37 0.33 0.17 4.12 3.62 2.25 0.29 0.30 0.12 0.35 0.37 0.12 0.37 0.34 0.11 100.76 22.83 172.70

Dasyprocta leporina 7 1.18 1.21 0.52 3.12 2.79 1.84 0.25 0.16 0.15 0.25 0.22 0.13 0.29 0.26 0.13 655.18 456.55 633.84

Euryzygomatomys spinosus 6 0.95 0.88 0.47 4.71 4.77 1.47 0.38 0.37 0.18 0.48 0.49 0.14 0.46 0.44 0.11 1736.28 1709.99 601.46

Hydrochoerus hydrochaeris 5 4.91 3.79 2.52 2.77 2.12 2.30 0.32 0.35 0.14 0.49 0.54 0.23 0.50 0.48 0.11 1801.30 1797.15 345.80

Kannabateomys amblyonyx 3 0.68 0.61 0.24 3.06 3.01 2.50 0.44 0.34 0.28 0.55 0.65 0.32 0.55 0.58 0.32 401.21 37.35 662.83

Phyllomys nigrispinus 5 5.04 5.91 2.53 2.68 2.61 0.57 0.54 0.45 0.26 1.02 0.66 0.83 1.28 1.51 0.70 2055.31 2689.50 1085.74

Phyllomys pattoni 6 4.04 3.92 2.81 3.31 3.52 1.76 0.41 0.36 0.23 0.53 0.47 0.29 0.53 0.48 0.24 697.97 317.51 1149.61

Trinomys dimidiatus 10 1.41 0.98 1.33 3.39 3.34 1.97 0.35 0.34 0.10 0.38 0.37 0.09 0.44 0.42 0.15 316.68 302.98 256.85

Trinomys eliasi 4 1.33 1.16 0.94 4.14 4.03 3.10 0.44 0.45 0.02 0.54 0.56 0.05 0.53 0.52 0.11 617.38 460.70 738.06

Trinomys gratiosus 8 0.88 0.83 0.39 4.91 5.39 2.44 0.34 0.30 0.16 0.46 0.40 0.25 0.52 0.38 0.34 849.81 747.08 788.58

Trinomys iheringi 7 1.10 1.06 0.62 3.48 3.40 2.12 0.29 0.28 0.08 0.36 0.34 0.10 0.37 0.35 0.09 499.84 149.42 706.34
833

834 Asfc: complexity; epLsar: anisotropy; HAsfc: heterogeneity of complexity calculated from 4, 9 and 16 subsurfaces respectively; Tfv: textural fill 

835 volume.
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836 Table 3. —Results of the ANOVAs for dietary categories. A, on Box-Cox transformed data; B, 

837 on Levene transformed data. Adjusted P-values follow B-Y method (Benjamini and Yekutieli 

838 2001).

Variables Effect df SS MS F P

(A)
Asfc Diet 6 54.02 9.00 25.78 <0.001

Residuals 76 26.55 0.35

epLsar (x10-3) Diet 6 9.82 1.64 1.01 0.427

Residuals 76 123.58 1.63

HAsfc4 Diet 6 0.77 0.13 1.57 0.493

Residuals 76 6.18 0.08

HAsfc9 Diet 6 3.97 0.66 2.57 0.093

Residuals 76 19.57 0.26

HAsfc16 Diet 6 5.91 0.99 3.08 0.046

Residuals 76 24.29 0.32

Tfv Diet 6 2064.70 344.12 9.92 <0.001

Residuals 76 2636.60 34.69

(B)

Asfc Diet 6 0.94 0.16 3.61 0.033

Residuals 76 3.30 0.04

epLsar (x10-3) Diet 6 0.62 0.10 1.27 0.831

Residuals 76 6.24 0.08

HAsfc4 Diet 6 0.02 0.00 0.62 0.715

Residuals 76 0.36 0.00

HAsfc9 Diet 6 0.11 0.02 1.81 0.398

Residuals 76 0.77 0.01

HAsfc16 Diet 6 0.22 0.04 3.07 0.047

Residuals 76 0.90 0.01

Tfv Diet 6 38.63 6.44 3.46 0.033

Residuals 76 141.51 1.86
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840 Table 4. —Results of the ANOVAs for species within dietary categories. A, on Box-Cox transformed data; B, on Levene transformed data.

Asfc epLsar (x10-3) HAsfc4 HAsfc9 HAsfc16 Tfv

Subset Effect df F P F P F P F P F P F P

(A)

“fruit-seed” Taxa 4 0.25 0.91 0.65 0.63 2.56 0.06 3.74 <0.05 2.90 <0.05 0.46 0.76

“leaf” Taxa 1 1.24 0.30 3.80 0.09 0.71 0.42 1.53 0.25 4.50 0.07 4.55 0.07

(B)

“fruit-seed” Taxa 4 0.75 0.57 0.40 0.81 7.60 <0.05 2.62 0.06 1.50 0.23 2.81 <0.05

“leaf” Taxa 1 0.03 0.87 1.38 0.27 0.19 0.68 0.27 0.62 0.64 0.45 4.31 0.07

841
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842 Table 5. —Posthoc pairwise comparisons between dietary categories. A, on Box-Cox transformed data; B, on Levene transformed data. 

843 Significance at p < 0.05 is indicated in regular font when both Tukey’s HSD and Fisher’s LSD tests are significant and in bold associated to an 

844 asterisk when only Fischer’s LSD test is significant (marginal).

(A) aquatic vegetation bamboo fruit-seed grass leaf leaf-insect

bamboo Asfc,Tfv

fruit-seed Asfc,Tfv

grass Asfc,Tfv* Asfc, Tfv*

leaf Asfc, Tfv* Asfc, HAsfc16

leaf-insect Asfc Tfv* Tfv Asfc* Asfc

young leaf Asfc, Tfv Asfc* Asfc, Tfv Asfc, Tfv Asfc, HAsfc16, 
Tfv Asfc, Tfv

(B) aquatic vegetation bamboo fruit-seed grass leaf leaf-insect

bamboo Tfv*

fruit-seed Tfv*

grass Tfv* Tfv*

leaf HAsfc16* Asfc* Asfc*, HAsfc16 Asfc*, HAsfc16

leaf-insect Tfv* Tfv* Asfc*, HAsfc16*

young leaf Tfv Tfv* Asfc, HAsfc16 Tfv
845
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846 APPENDIX I

847

848 Appendix I. —List of all studied specimens with catalog numbers and locality of capture.

Collection Catalog 
number Taxon Locality 

MN-UFRJ 2236 Cavia aperea Rio de Janeiro, Teresópolis
MN-UFRJ 6741 Cavia aperea Rio de Janeiro, Teresópolis, Fazenda Guinle
MN-UFRJ 24369 Cavia aperea Rio de Janeiro, Angra dos Reis, Praia Vermelha, Ilha Grande
MN-UFRJ 24372 Cavia aperea Rio de Janeiro, Angra dos Reis, Praia Vermelha, Ilha Grande
MN-UFRJ 46517 Coendou spinosus Rio de Janeiro, Paraty, Pedra Branca
MN-UFRJ 46518 Coendou spinosus Rio de Janeiro, Paraty, Pedra Branca
MN-UFRJ 5514 Coendou spinosus Rio de Janeiro, Mangaratiba, Fazenda da Lapa
MN-UFRJ 7260 Coendou spinosus Rio de Janeiro, Teresópolis, Fazenda Carlos Guinle
MN-UFRJ 8239 Coendou spinosus Rio de Janeiro, Paraty, Pedra Branca
MN-UFRJ 8240 Coendou spinosus Rio de Janeiro, Paraty, Pedra Branca
MN-UFRJ 19327 Coendou spinosus Rio de Janeiro, Paraty, Pedra Branca
MN-UFRJ 59613 Coendou spinosus Rio de Janeiro, Carmo, Fazenda Providência
MN-UFRJ 69896 Coendou spinosus Rio de Janeiro, Petrópolis, Rodovia BR 040, km 66
MN-UFRJ 75317 Coendou spinosus Rio de Janeiro, Piraí, Ribeirão das Lajes
MN-UFRJ 75961 Coendou spinosus Rio de Janeiro, Sumidouro, Vale do Encanto
MN-UFRJ 30494 Coendou spinosus Rio de Janeiro, Angra dos Reis, Enseada de Palmas, Ilha Grande
MN-UFRJ 74408 Coendou spinosus Rio de Janeiro, Rio de Janeiro, Reserva do Grajaú
MN-UFRJ 79251 Coendou spinosus Rio de Janeiro, Areal, Rodovia BR040, Km 37
MN-UFRJ 79284 Coendou spinosus Rio de Janeiro, Areal, Rodovia BR040, Km 31
MN-UFRJ 79385 Coendou spinosus Rio de Janeiro, Duque de Caxias, Rodovia BR 040, Km 93
MN-UFRJ 79561 Coendou spinosus Rio de Janeiro, Petropolis, Rodovia BR040, Km 84
MN-UFRJ 79574 Coendou spinosus Rio de Janeiro, Petropolis, Rodovia BR040, Km 80
MN-UFRJ 5652 Dasyprocta leporina Rio de Janeiro, Paraty, Pedra Branca
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MN-UFRJ 6694 Dasyprocta leporina Rio de Janeiro, Paraty, Pedra Branca
MN-UFRJ 6698 Dasyprocta leporina Rio de Janeiro, Sahy
MN-UFRJ 7310 Dasyprocta leporina Rio de Janeiro, Duque de Caxias
MN-UFRJ 7719 Dasyprocta leporina Rio de Janeiro, Paraty, Pedra Branca
MN-UFRJ 8481 Dasyprocta leporina Rio de Janeiro, Serra dos Órgãos, Mantiqueira
MN-UFRJ 43195 Dasyprocta leporina Rio de Janeiro, Colônia São Bento
MN-UFRJ 6779 Euryzygomatomys spinosus Rio de Janeiro, Teresópolis, Fazenda Boa Fé
MN-UFRJ 24153 Euryzygomatomys spinosus São Paulo, Salesópolis, Casa Grande
MN-UFRJ 24154 Euryzygomatomys spinosus São Paulo, Salesópolis, Casa Grande
MN-UFRJ 70164 Euryzygomatomys spinosus Rio de Janeiro, Comendador Levy Gasparian
MN-UFRJ 71933 Euryzygomatomys spinosus Rio de Janeiro, Santa Maria Madalena, Parque Estadual do Desengano
MN-UFRJ 76464 Euryzygomatomys spinosus Rio de Janeiro, Cachoeiras de Macacu, Fragmento 19
MN-UFRJ 7663 Hydrochoerus hydrochaeris Rio de Janeiro, Paraty, Pedra Branca
MN-UFRJ 73284 Hydrochoerus hydrochaeris Rio de Janeiro, Rio de Janeiro, Condomínio Alphaville, Barra da Tijuca
MN-UFRJ 73634 Hydrochoerus hydrochaeris Rio de Janeiro, Cabo Frio, Praia Rasa, Área da Marinha
MN-UFRJ 75761 Hydrochoerus hydrochaeris Rio de Janeiro, Rio de Janeiro, Restinga de Grumari, Recreio dos Bandeirantes
MN-UFRJ 79156 Hydrochoerus hydrochaeris Rio de Janeiro, Três Rios, Rodovia BR040, km 13 sentido Juiz de Fora
MN-UFRJ 1956 Kannabateomys amblyonyx Rio de Janeiro, Teresópolis, Varzea de Teresópolis
MN-UFRJ 6239 Kannabateomys amblyonyx Rio de Janeiro, Teresópolis, Varzea de Teresópolis
MN-UFRJ 81356 Kannabateomys amblyonyx Rio de Janeiro, Duque de Caxias, Rodovia BR040, km  102 sentido   Juiz de Fora
MN-UFRJ 6440 Phyllomys nigrispinus Rio de Janeiro, Teresópolis
MN-UFRJ 6441 Phyllomys nigrispinus Rio de Janeiro, Teresópolis
MN-UFRJ 6442 Phyllomys nigrispinus Rio de Janeiro, Teresópolis
MN-UFRJ 6443 Phyllomys nigrispinus Rio de Janeiro, Teresópolis
MN-UFRJ 31562 Phyllomys nigrispinus Rio de Janeiro, Angra dos Reis, Ilha Grande
MN-UFRJ 2239 Phyllomys pattoni Rio de Janeiro, Casimiro de Abreu, Fazenda União
MN-UFRJ 2240 Phyllomys pattoni Rio de Janeiro, Casimiro de Abreu, Fazenda União
MN-UFRJ 6449 Phyllomys pattoni Rio de Janeiro, Niterói, São Francisco
MN-UFRJ 21508 Phyllomys pattoni Rio de Janeiro, Santa Cruz, Estrada Rio-Petrópolis
MN-UFRJ 31566 Phyllomys pattoni Rio de Janeiro, Angra dos Reis, Ilha Grande
MN-UFRJ 70175 Phyllomys pattoni Rio de Janeiro, Casimiro de Abreu, Fazenda União
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MN-UFRJ 1949 Trinomys dimidiatus Rio de Janeiro, Angra dos Reis
MN-UFRJ 4944 Trinomys dimidiatus Rio de Janeiro, Duque de Caxias, Barro Branco
MN-UFRJ 4946 Trinomys dimidiatus Rio de Janeiro, Duque de Caxias, Barro Branco
MN-UFRJ 4947 Trinomys dimidiatus Rio de Janeiro, Duque de Caxias, Barro Branco
MN-UFRJ 4948 Trinomys dimidiatus Rio de Janeiro, Duque de Caxias, Barro Branco, Estrada União Indústria km 51
MN-UFRJ 4950 Trinomys dimidiatus Rio de Janeiro, Duque de Caxias, Barro Branco
MN-UFRJ 60209 Trinomys dimidiatus Rio de Janeiro, Itaguaí, Morro da Mazomba, próximo à sede
MN-UFRJ 67512 Trinomys dimidiatus Rio de Janeiro, Guapimirim, Parque Nacional da Serra dos Órgãos - Vale do Rio Soberbo
MN-UFRJ 67513 Trinomys dimidiatus Rio de Janeiro, Guapimirim, Parque Nacional da Serra dos Órgãos - Vale do Rio Soberbo
MN-UFRJ 81652 Trinomys dimidiatus Rio de Janeiro, Rio de Janeiro, Parque Nacional da Tijuca
MN-UFRJ 26811 Trinomys eliasi Rio de Janeiro, Maricá, Restinga de Maricá
MN-UFRJ 28806 Trinomys eliasi Rio de Janeiro, Maricá, Restinga de Maricá
MN-UFRJ 28815 Trinomys eliasi Rio de Janeiro, Maricá, Restinga de Maricá
MN-UFRJ 28932 Trinomys eliasi Rio de Janeiro, Maricá, Restinga de Maricá
MN-UFRJ 31370 Trinomys gratiosus Rio de Janeiro, Sumidouro, Fazenda São José da Serra, Serra do Paquequer
MN-UFRJ 33517 Trinomys gratiosus Rio de Janeiro, Sumidouro
MN-UFRJ 43807 Trinomys gratiosus Rio de Janeiro, Teresópolis, Fazenda Boa Fé
MN-UFRJ 61806 Trinomys gratiosus Rio de Janeiro, Sumidouro, Porteira Verde
MN-UFRJ 75821 Trinomys gratiosus Rio de Janeiro, Teresópolis, Waldemar
MN-UFRJ 75826 Trinomys gratiosus Rio de Janeiro, Teresópolis, Fragmento 12
MN-UFRJ 75827 Trinomys gratiosus Rio de Janeiro, Teresópolis, Fragmento 6
MN-UFRJ 75828 Trinomys gratiosus Rio de Janeiro, Teresópolis, Fragmento 6
MN-UFRJ 6451 Trinomys iheringi São Paulo, Ilha de São Sebastião
MN-UFRJ 24433 Trinomys iheringi São Paulo, Ubatuba, Rio Praia Dura, Serra d'Água
MN-UFRJ 28800 Trinomys iheringi São Paulo, Ubatuba, Rio Praia Dura, Serra d'Água
MN-UFRJ 43821 Trinomys iheringi Rio de Janeiro, Teresópolis, Rio das Bengalas
MN-UFRJ 43829 Trinomys iheringi São Paulo, Juréia
MN-UFRJ 54153 Trinomys iheringi Rio de Janeiro, Teresópolis, Rio das Bengalas
MN-UFRJ 6453 Trinomys iheringi São Paulo, Ilha de São Sebastião
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Supplementary data 1: Detailed description of the seven dietary categories

We recognized seven dietary categories based on the primary diet component: aquatic 

vegetation, bamboo, grass, fruit-seed, leaf, leaf-insect, and young leaf (Table 1). 

Because dental microwear texture reflects the physical and biomechanical properties of 

consumed items, we took the silica content of plants (when known) and the dietary 

specialization (when extreme) into account to better depict the spectrum of dietary habits of 

the sampled species. The broad dietary categories used in previous works that did not focus 

on microwear (e.g., Nowak 1991; Ojeda et al. 2015) were not adequate for the objectives of 

this study. The same is true for the categories used in Townsend and Croft(2008). Townsend 

and Croft (2008) worked at the generic level, including several data from individuals fed in 

captivity. 

Our sample included some strictly folivorous taxa (Phyllomys) that feed on dicotyledons 

(Emmons and Feer 1997; Leite 2003; Wilson et al. 2016) that generally have lower silica 

content than monocotyledons (Hodson et al. 2005). Thus, we assigned these folivorous taxa to 

the category “leaf.” Townsend and Croft (2008) included both Cavia aperea and 

Hydrochoerushydrochaeris into the “grass-leaf”category. Furthermore, C. aperea prefers 

grasses that have high silica content (Rood 1972; Guichón and Cassini 1998) while H. 

hydrochaerisconsumes a high proportion of sedges (Quintana et al. 1998) and sometimes 

browses on shrubs (Macdonald 1981; Mones and Ojasti 1986; Wilson et al. 2016) thatdiffer in 

biosilica content (Piperno 1988; Prychid et al. 2004). We therefore separated these speciesin 

two dietary categories: “grass”(C. aperea) and “aquatic vegetation”(H. hydrochaeris). 

According to Townsend and Croft (2008), the genus Coendou is a fruit-leaf eater.  
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However,the species studied here, Coendou spinosus, does not consume fruit and has been 

observed feeding on young leaves of six species of trees, mainly Fabaceae (Passamani 2009) 

with low silica content (Piperno 2006),and possibly some flowers and ant pupae (Redford and 

Eisenberg 1992). We assigned C. spinosusto the category “young leaf.”Finally, 

Dasyproctaleporina is often categorized as a fruit-leaf consumer. Because it feeds on >80% 

fruit pulp and seeds (Dubost 1988; Henry 1999; Bongers et al. 2013), we considered this 

species as a “fruit-seed”eater, like the four species of Trinomys that also consume mainly fruit 

and seeds (Bergallo and Magnusson 1999; Brito and Figueiredo 2003; Mello et al. 2015; 

Patterson 2016; Roach and Naylor 2016). Kannabateomysamblyonyxis a bamboo specialist 

(Olmos et al. 1993) that consumes inner tissues of bamboo shoots after removing the outer 

hard sheet (Emmons 1990; Olmos 1992; Fabre et al. 2016). Because its diet is extremely 

specialized (a single genus of plant), we assigned this species to the “bamboo”category. 

Euryzygomatomysspinosusis omnivorous (Alho 1982) and includes a significant proportion of 

insects in its diet (Gonçalves et al. 2007; Catzeflis et al. 2008; Fabre et al. 2016). We assigned 

this species to a category of “leaf-insect”corresponding to its mixed diet including leaves as 

well as fruit, seeds, grasses, and insects.

Ecological data, assigned dietary categories and sources for each species are summarized in 

Table 1 of the main text.
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Supplementary data 2: Detail of the scanning, pre-treatment and analysis procedures for 

50x50 scans used to acquire the dental microwear surfaces studied in this work.

The scanning process generated 1360 × 1024 point clouds with a vertical sampling of 

less than 0.002 μm and a lateral sampling (x, y) of 0.129 μm (175 × 132 µm). These scans 

were saved as “.plu”files by the LeicaScan software (Leica Microsystems). They were then 

pre-treated using Leica Map software (Mountain Technology, Leica Microsystems). After 

removing aberrant peaks with automatic operators including morphological filters (see 

Merceron et al. 2016 for details) and vertical inversion, a 50 × 50 μm area (the largest size 

of the studied surface for all species) was extracted. The 2nd order polynomial surface was 

subtracted to calculate the textural parameter on the microwear surface without the effects 

of the dental facet shape (Francisco et al. 2018). The surface was leveled and saved as a 

Digital Elevation Model (“.sur”) for Scale Sensitive Fractal Analysis(SSFA). 

Because of the variety of patterns of enamel layers and sizes among the species 

(Fig.2B), the available enamel surface that could be compared across taxa was limited. 

Teeth of Cavia aperea have a narrow enamel layer;Winkler et al. (2019) selected a 

maximum 60 x 60 µm surface on that layer (“enamel band”sensu Winkler et al. 2019). 

However, Kannabateomys amblyonyx displays a narrower enamel layer than C. aperea. 

Therefore, the size of the largest area captured for Kannabateomys amblyonyx (i.e., 50 

µm× 50 μm) defined the maximum size for all other species. 
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Collection
number

Taxon Habitat Diet Season Asfc epLsar HAsfc4 HAsfc9 HAsfc16 TFV

MN-2236 Cavia aperea terrestrial grass 2.87 0.0020 0.51 0.49 0.57 971.21
MN-24.372 Cavia aperea terrestrial grass 2.72 0.0016 0.26 0.25 0.33 1016.87
MN-24369 Cavia aperea terrestrial grass 1.97 0.0030 0.25 0.33 0.36 1178.73
MN-6741 Cavia aperea terrestrial grass 4.92 0.0033 0.32 0.49 0.65 2170.70
MN-19327 Coendou spinosus arboreal young leaf 0.12 0.0042 0.28 0.41 0.31 0
MN-30494 Coendou spinosus arboreal young leaf w 0.47 0.0059 0.16 0.19 0.21 161.87
MN-46517 Coendou spinosus arboreal young leaf 0.20 0.0058 0.11 0.29 0.31 0
MN-46518 Coendou spinosus arboreal young leaf 0.33 0.0059 0.49 0.51 0.43 8.30
MN-5514 Coendou spinosus arboreal young leaf 0.42 0.0009 0.23 0.38 0.56 49.81
MN-59613 Coendou spinosus arboreal young leaf w 0.25 0.0089 0.33 0.53 0.32 0
MN-69896 Coendou spinosus arboreal young leaf d 0.15 0.0042 0.09 0.21 0.30 0
MN-7260 Coendou spinosus arboreal young leaf d 0.26 0.0025 0.35 0.47 0.32 0
MN-74408 Coendou spinosus arboreal young leaf d 0.56 0.0070 0.22 0.16 0.26 506.36
MN-75317 Coendou spinosus arboreal young leaf w 0.33 0.0067 0.49 0.54 0.60 556.16
MN-75961 Coendou spinosus arboreal young leaf d 0.54 0.0054 0.40 0.33 0.39 49.81
MN-79251 Coendou spinosus arboreal young leaf d 0.32 0.0030 0.42 0.38 0.35 95.46
MN-79284 Coendou spinosus arboreal young leaf w 0.17 0.0018 0.23 0.37 0.30 0
MN-79385 Coendou spinosus arboreal young leaf d 0.43 0.0031 0.21 0.28 0.40 37.35
MN-79561 Coendou spinosus arboreal young leaf d 0.66 0.0027 0.19 0.21 0.20 278.08
MN-79574 Coendou spinosus arboreal young leaf w 0.70 0.0016 0.31 0.19 0.43 0
MN-8239 Coendou spinosus arboreal young leaf 0.30 0.0017 0.40 0.36 0.43 0
MN-8240 Coendou spinosus arboreal young leaf 0.51 0.0028 0.34 0.39 0.49 70.56
MN-43195 Dasyprocta leporina terrestrial fruit-seed 0.97 0.0032 0.16 0.11 0.16 24.90
MN-5652 Dasyprocta leporina terrestrial fruit-seed 0.73 0.0019 0.16 0.26 0.28 1303.25
MN-6694 Dasyprocta leporina terrestrial fruit-seed 1.21 0.0045 0.14 0.33 0.43 726.33
MN-6698 Dasyprocta leporina terrestrial fruit-seed 1.34 0.0027 0.15 0.15 0.15 332.04
MN-7310 Dasyprocta leporina terrestrial fruit-seed 2.08 0.0005 0.25 0.21 0.26 456.55
MN-7719 Dasyprocta leporina terrestrial fruit-seed 1.45 0.0062 0.30 0.22 0.22 1693.39
MN-8481 Dasyprocta leporina terrestrial fruit-seed 0.49 0.0028 0.56 0.50 0.50 49.81
MN-24153 Euryzygomatomys spinosus semifossorial leaf-insect 0.46 0.0044 0.57 0.60 0.64 1830.36
MN-24154 Euryzygomatomys spinosus semifossorial leaf-insect 0.65 0.0052 0.23 0.67 0.38 1589.63
MN-6779 Euryzygomatomys spinosus semifossorial leaf-insect 0.96 0.0023 0.48 0.46 0.47 1195.34
MN-70164 Euryzygomatomys spinosus semifossorial leaf-insect 0.87 0.0062 0.26 0.29 0.34 987.81
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MN-71933 Euryzygomatomys spinosus semifossorial leaf-insect 1.83 0.0042 0.18 0.35 0.51 2295.21
MN-76464 Euryzygomatomys spinosus semifossorial leaf-insect 0.89 0.0061 0.55 0.51 0.41 2519.34
MN-73284 Hydrochoerus hydrochaeris semi-aquatic aquatic plant 3.15 0.0008 0.10 0.25 0.48 2361.62
MN-73634 Hydrochoerus hydrochaeris semi-aquatic aquatic plant 2.83 0.0005 0.38 0.54 0.69 1519.07
MN-75761 Hydrochoerus hydrochaeris semi-aquatic aquatic plant 8.87 0.0021 0.29 0.59 0.42 1510.77
MN-7663 Hydrochoerus hydrochaeris semi-aquatic aquatic plant 5.91 0.0050 0.35 0.28 0.42 1797.15
MN-79156 Hydrochoerus hydrochaeris semi-aquatic aquatic plant 3.79 0.0054 0.49 0.80 0.49 1817.91
MN-1956 Kannabateomys amblyonyx arboreal bamboo 0.61 0.0056 0.22 0.19 0.22 37.35
MN-6239 Kannabateomys amblyonyx arboreal bamboo 0.95 0.0030 0.76 0.80 0.85 1166.28
MN-81356 Kannabateomys amblyonyx arboreal bamboo 0.49 0.0006 0.34 0.65 0.58 0
MN-31562 Phyllomys nigrispinus arboreal leaf 1.44 0.0021 0.45 0.42 0.51 572.76
MN-6440 Phyllomys nigrispinus arboreal leaf 5.91 0.0022 0.48 0.99 1.51 2917.78
MN-6441 Phyllomys nigrispinus arboreal leaf 8.02 0.0032 0.33 0.58 1.65 2876.28
MN-6442 Phyllomys nigrispinus arboreal leaf 6.14 0.0034 1.00 2.45 2.13 2689.50
MN-6443 Phyllomys nigrispinus arboreal leaf 3.66 0.0026 0.44 0.66 0.61 1220.24
MN-21508 Phyllomys pattoni arboreal leaf 1.30 0.0050 0.35 0.30 0.37 327.89
MN-2239 Phyllomys pattoni arboreal leaf 3.52 0.0051 0.83 1.02 0.94 3029.84
MN-2240 Phyllomys pattoni arboreal leaf 6.15 0.0039 0.41 0.63 0.59 307.13
MN-31566 Phyllomys pattoni arboreal leaf 4.32 0.0031 0.16 0.29 0.33 340.34
MN-6449 Phyllomys pattoni arboreal leaf 0.79 0.0022 0.37 0.66 0.60 182.62
MN-70175 Phyllomys pattoni arboreal leaf 8.13 0.0005 0.33 0.31 0.33 0
MN-1949 Trinomys dimidiatus terrestrial fruit-seed 0.85 0.0015 0.50 0.46 0.45 390.14
MN-4944 Trinomys dimidiatus terrestrial fruit-seed w 0.49 0.0038 0.25 0.35 0.34 83.01
MN-4946 Trinomys dimidiatus terrestrial fruit-seed w 0.66 0.0034 0.43 0.31 0.42 444.10
MN-4947 Trinomys dimidiatus terrestrial fruit-seed w 1.10 0.0004 0.36 0.55 0.78 307.13
MN-4948 Trinomys dimidiatus terrestrial fruit-seed w 4.91 0.0019 0.31 0.27 0.26 95.46
MN-4950 Trinomys dimidiatus terrestrial fruit-seed w 1.49 0.0055 0.32 0.33 0.31 796.89
MN-60209 Trinomys dimidiatus terrestrial fruit-seed d 1.94 0.0032 0.37 0.43 0.39 298.83
MN-67512 Trinomys dimidiatus terrestrial fruit-seed d 0.30 0.0021 0.21 0.28 0.42 0
MN-67513 Trinomys dimidiatus terrestrial fruit-seed d 0.87 0.0063 0.22 0.39 0.44 120.36
MN-81652 Trinomys dimidiatus terrestrial fruit-seed 1.49 0.0057 0.48 0.43 0.58 630.87
MN-26811 Trinomys eliasi terrestrial fruit-seed d 1.26 0.0026 0.44 0.47 0.41 49.81
MN-28806 Trinomys eliasi terrestrial fruit-seed w 0.38 0.0077 0.42 0.56 0.66 0
MN-28815 Trinomys eliasi terrestrial fruit-seed w 1.06 0.0055 0.46 0.57 0.48 871.60
MN-28932 Trinomys eliasi terrestrial fruit-seed w 2.62 0.0007 0.45 0.56 0.57 1548.13
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MN-31370 Trinomys gratiosus terrestrial fruit-seed d 0.46 0.0062 0.22 0.20 0.21 0
MN-33517 Trinomys gratiosus terrestrial fruit-seed 0.92 0.0071 0.21 0.22 0.27 2191.45
MN-43807 Trinomys gratiosus terrestrial fruit-seed w 1.52 0.0053 0.32 0.58 0.37 821.79
MN-61806 Trinomys gratiosus terrestrial fruit-seed d 0.74 0.0055 0.69 0.87 0.96 1834.51
MN-75821 Trinomys gratiosus terrestrial fruit-seed w 1.01 0.0032 0.43 0.42 0.52 58.11
MN-75826 Trinomys gratiosus terrestrial fruit-seed 0.55 0.0028 0.25 0.25 0.40 680.68
MN-75827 Trinomys gratiosus terrestrial fruit-seed 0.54 0.0082 0.28 0.39 0.34 398.45
MN-75828 Trinomys gratiosus terrestrial fruit-seed 1.33 0.0009 0.36 0.76 1.12 813.49
MN-24433 Trinomys iheringi terrestrial fruit-seed d 0.48 0.0031 0.28 0.25 0.30 49.81
MN-28800 Trinomys iheringi terrestrial fruit-seed d 2.27 0.0036 0.26 0.34 0.30 224.13
MN-43821 Trinomys iheringi terrestrial fruit-seed 0.43 0.0017 0.25 0.42 0.39 4.15
MN-43829 Trinomys iheringi terrestrial fruit-seed w 1.18 0.0052 0.15 0.28 0.35 16.60
MN-54153 Trinomys iheringi terrestrial fruit-seed d 1.06 0.0069 0.34 0.40 0.44 149.42
MN-6451 Trinomys iheringi terrestrial fruit-seed w 1.31 0.0005 0.35 0.29 0.29 1552.28
MN-6453 Trinomys iheringi terrestrial fruit-seed w 0.93 0.0034 0.39 0.52 0.54 1502.47
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1 Supplementary data 4: Intrageneric effect of seasonality on dental microwear texture 

2

3 Material - The Serra do Mar Atlantic forest (SDMAf) is subjected to a subtropical climate 

4 with annual rainfall ranging from 1400 mm to 4000 mm (Mantovani 1993). During winter, 

5 rainfall is regular but less abundant than during other seasons thereby generating some 

6 seasonality although winter is not a dry period. No data were available for the effect of 

7 rainfall variation on the flora of the SDMAf. Date of capture, when available, was used to test 

8 whether microwear textures showed seasonal intrageneric differences.

9

10 Statistics - We followed the same protocol as the main work to compare dental microwear 

11 textures between rainy and dry “seasons” within taxa. Only Coendou spinosus and the 

12 species within the genus Trinomys had sufficient numbers in both seasons to allow 

13 analysis. Thus, in each case (Coendou and Trinomys separately), MANOVAs were 

14 performed to assess differences across seasons both on Box-Cox transformed data and 

15 Levene’s transformed data.

16

17 Results - Mean, median, and standard deviation of the mean were calculated for each 

18 dental microwear texture parameter by genus and season (Table SD4.1). The MANOVAs 

19 on Box-Cox transformed data (Coendou, df= 1, p value= 0.97; Trinomys, df= 1, p value= 

20 0.92) and the MANOVAs on Levene’s transformed data (Coendou, df= 1, p value= 0.46; 

21 Trinomys, df= 1, p value= 0.76) detected no significant differences among species captured 

22 in the wet season and those captured in winter (Fig. SD4.1).

23

24 Interpretation - Our assessment of the possible effects of “seasonality” on microwear 

25 texture of Coendou and Trinomys did not show significant differences, indicating that 
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26 variations in diet throughout the year were not sufficient to generate differences in dental 

27 microwear textures (Table SD4.1; Fig. SD4.1). Dental microwear records short term (days 

28 or weeks) wear (Teaford and Oyen 1989; Schultz et al. 2013). Thus, significant differences 

29 in microwear textures would indicate clear differences in seasonal diets. However, the 

30 absence of significant differences in dental microwear does not mean the consumed items 

31 remain the same throughout the year. It suggests instead that the physical properties of the 

32 consumed items do not change from one season to another. There may be year-round 

33 availability of analogous items and selection by these species for items displaying the same 

34 physical properties. Besides, seasonality in the states of Rio de Janeiro and Sao Paulo is 

35 not strongly marked (Mantovani 1993) and its effect on the flora is unknown. In this 

36 context, it is not surprising that the seasonality did not heavily affect the studied species.

37
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51 Figures captions

52 Figure SD4.1. Boxplots of microwear texture variables for Coendou and Trinomys by season 

53 of capture (wet season in black and winter in grey). A, complexity (Asfc); B, anisotropy 

54 (epLsar); C, heterogeneity of complexity (HAsfc9); D, textural fill volume (Tfv).
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55 Table SD4.1.—Descriptive statistics of dental microwear texture parameters for specimens of the genera Coendou and Trinomys captured in wet 

56 season and winter time (when data available). Number of individuals per sample = n; X̄ = mean; med = median; sd = standard deviation.

Asfc epLsar (x10-3) HAsfc4 HAsfc9 HAsfc16 Tfv
Taxa Season n

X̄ med sd X̄ med sd X̄ med sd X̄ med sd X̄ med sd X̄ med sd

Coendou wet 5 0.38 0.33 0.21 4.97 5.85 3.23 0.30 0.31 0.13 0.37 0.37 0.17 0.37 0.32 0.15 143.61 0 241.04

winter time 7 0.42 0.43 0.18 3.99 3.07 1.67 0.27 0.22 0.13 0.29 0.28 0.11 0.32 0.32 0.07 138.15 49.81 188.47

Trinomys wet 13 1.44 1.10 1.19 3.59 3.44 2.25 0.36 0.36 0.09 0.43 0.42 0.13 0.45 0.42 0.16 622.89 444.10 605.60

winter time 9 1.04 0.87 0.68 4.39 3.63 1.83 0.34 0.28 0.15 0.40 0.39 0.20 0.43 0.41 0.21 302.98 120.36 583.15
57 Asfc: complexity; epLsar: anisotropy; HAsfc: heterogeneity of complexity calculated from 4, 9 and 16 subsurfaces, respectively; Tfv: textural fill 

58 volume.
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