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Abstract.
Material properties of the diet of extant spsaeereflected by the microwear texture recorded
on the enamel tooth surface, a signal that camsbé@ul for estimating the diets of extinct
species. Intra-specific dietavariations can occur between sexes or depend on seasonal
vegetation cover changes in thieabitat. However, these factors cannot, or very rarely, be
incorporated within a paleontolimgl context, especially if thfossil record of an extinct
species is mainly composed of isolated teetlortler to assess the iaqd of these factors on
microwear texture features, we studied 42 wegaight specimens of two sympatric extant
species of caviomorph rodenBrpoechimys cuviendP. guyannensiéEchimyidae,
Octodontoidea) from the Cacao area locatdérench Guiana. Animals were captured
between 2007 and 2012, in July and Octobengh 1.5 kilometer traect ranging from an
old secondary forest to a disturbed for&ge applied a Scale Sensitive Fractal Analysis
(SSFA) to the first upper molars tifese specimens. Differenagfsdental microwear textures
were found between sexes, between montig batween habitatedding to one species
overlapping in microwear texture parameter spath the other in some cases. The results
obtained help identifying which factors mighive intra-population vaations in dental
microwear texture. Its undersi@ing is indeed a key-step better interpret the dispersion

observed within a given fossil sample sebbtain refined dietry reconstructions.

Keywords: DMTA; SSFA,; diet; RodentiaCaviomorpha; South America
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1. Introduction

Among placental mammals, rodents are the mivsrrse and speciose group (e.g., Wilson and
Reeder, 2005). The hystricognathous rodéots South America, or caviomorphs
(Caviomorpha Wood, 1955), display great taxorgal diversity with four superfamilies and
ten families (e.g., Lacher et al., 2016). Caviopingr occupy a wide array of ecological niches,
and the diversity of ecologicabnditions they face is associat@idh an equally wide array of
morphological adaptations. Indeed, they slzolarge range of body-sizes, from about 100 g
to 65 kg (e.g., Alvarez et al., 2017), display diffet life modes (tersgrial, arboreal, semi-
aquatic, fossorial, etc.; e.g., Mares and Ojad82; Patton et al., 201%/ilson et al., 2016),
different activity patterns (diurnal, noctutneathemeral; e.g., Wilson et al., 2016), and
exhibit distinct locomotor behaviors (cursd, scansorial, swimmers, etc.; Wilson and
Geiger, 2015). This diversity dife history traits reflects differential exploitation of the
ecological resources (see Tasamd and Croft, 2008; Robinet et al., 2020, and references
therein).

The fossil record of the group so far extendskboto the end of the Eocene (Antoine et
al., 2012; Boivin et al., 2017, 2019a, 2022). Caviomoxpbsld thus testify to an at least 35
million year-long endemic evolutionary history thre South American continent, marked by
several adaptive radiation evertttawever, any role of ecologicéctors in those phases of
diversification remains poorly known (e.g., Boiahal., 2019a). The Paleogene fossil record
of caviomorphs consists mainly of isolateéth, but very few wepreserved skulls or
associated post-cranial remains allowftorctional morphology approaches (Verzi, 2002;
Candela and Picasso, 2008, Boivin et al., 2018ivong the ecological factors that may have

driven the radiations of caviomuhs, food preference is a factbat is known to be very



64

65

66

67

68

69

70

71

72

73

74

75

76

1

78

79

80

81

82

83

84

85

86

87

88

important in modern niche gaioning (Bowers, 1982; CastrArellano and Lacher, 2009;
Shiels et al., 2013).

Here we apply Dental Miowear Texture Analysis (DMA), and more specifically
Scale Sensitive Fractal AnalygS8SFA), to assess niche partitioning among different species
of rodents as dental microwear has proven tefbeient for detecting intra- and inter-specific
variations of diet for both extant (Scott, 2082zott et al., 2012; Kaiser et al., 2016) and
extinct toothed mammals (e.g., Gill et al., 20Wagar et al., 2017; Meecon et al., 2018) as
well as among non-mammalian vertebratesriBliet al., 2007, 2012¥inkler et al., 2019b).
Because microwear texture reflects short-tergesta-related weéeatures (Teaford and
Oyen, 1989; Teaford et al., 2018; Wiekkt al., this issue), it cdre used to detect seasonal
variations of diet (Merceroet al., 2010; Berlioz et al., 201Bercher et al., 2018). However,
very few DMTA studies have so far beasnducted on rodents (murids: Burgman et al.,
2016; Winkler et al., 2016; vole€alandra et al., 2016; guinpays, Winkler et al., 2019a,
2020, 2021; wild caviomorphs: Robinet et al., 2020).

If DMTA is a state-of-the-art approach surface metrologicalharacterization (Ungar
and Evans, 2016; Arman et al., 2019), tawotbrs challenge the robustness of dietary
reconstructions based on microwear texttine inherently low sample sizes of
paleontological datasets and a tendency tolook potential sourcesf intra-specific
variation (Calandra and Meraer, 2016; Arman et al., 2019ndeed, fossil data are often
fragmentary and can suffer from post-morteumnface alterations during the fossilization
process (Weber et al., this ie3uThey suffer also from a lack of information regarding many
factors that can be a source of biologialiations, such as sex, season of death, or
characteristics of the habitat in which the induals lived. Thus, patecological inferences
are often made by analogy with extant taatahe specific or generic level, under the

assumption that the chosen sample of extant s is sufficiently representative. As such,



89 a majority of DMTA studies focus on imtspecific differences, accepting a presumably
90 minor intra-specific variabily without exploring it.
91 Here, we explore the impact of inter- anttanspecific dietary diffeences linked to sex,
92 seasonality, and/or vegetatiorveo variations within the sanferested environment through
93 dental microwear texture. For the purposéhed study, we analyze sympatric populations of
94  two species of spiny rat®(oechimysEchimyidae, Octodontoidea, Caviomorpha) from
95 French Guiana. We aim to (1) test if DMTA adetect the differences of diet between the two
96 studied species, (2) analyzesdx, seasonality and vegetaticover have detectable and
97 significant effects on dental microwear texturg,g8sess if intra-specific variability has an
98 impact on the inter-specific differentiatiomdafinally (4) discuss the implications for
99 paleoecological interpretations.
100
101 2. Materials and Methods
102
103 2.1. Locality
104 The locality of Cacao is situated in the theeastern part of Ench Guiana, along the
105 Comté River, 45 kilometers south of CayerBpecimens were sampled in five loci (LI-1,
106 LI-2, LI-4, LI-5, and LI-8; Table 1, Fig. 1) flowing a clear gradient of anthropization and
107 considering the known home range of theated species (see below). The vegetation
108 cover across the loci varies from nearby calid areas (various fruits and vegetables) and
109 highly disturbed areas around tedgelds (LI-4 and LI-5) teld secondary well-drained
110 forests (LI-1, LI-2, and LI-8) with relataly middle-height closd canopy (around 28 m)
111 and openings from small windfalls (Guitetadt 2015). French Guiana is dominated by a
112 warm and wet tropical rainforest climaRrecipitation at Cacao can range from 3,500 to

113 4,000 mm yearly, with more th&b0 rainy days per year (Météo France). Two rainy and



114 two dry seasons can be distinguished: atgtaomy season from Degw#er to February, a
115 short dry season from March to mid Aprillcag rainy season from April to July, and

116 finally a long dry season between Augasti November (Catzeflis et al., 2018). The

117 lowest monthly rainfall values are recordedseptember and October (Catzeflis et al.,
118 2018).

119

120 2.2. Materials

121 The species studied here are the Cuvier's spiniPmag¢chimys cuvierPetter, 1978, and the
122 Cayenne spiny raBroechimys guyannendigeoffroy, 1803. We analyzed a total of 42 wild
123 adult individuals (27 oP. cuvieriand 15 ofP. guyannensjsietailed list in Supplementary
124 Data SD1) from the vicinity of Cacao (maipality of Roura), in French Guiana. All

125 specimens were collected by a team led byadnes (FC) during several fieldwork seasons
126 conducted between 2007 and 2012, followingetiecal guidelines established by the

127 American Society of Mammalogists for the wdevild mammals iresearch (Gannon and
128 Sikes, 2007). Specimens were captured duringnihreths of July (n = 20) and October (n =
129 22). All specimens were identified follomg Patton (1987), Malcom (1992), Catzeflis and
130 Steiner (2000) and Voss et €001), and are housed in thdlections of the Museum of
131 Natural History of Geneva, Switzerland (MHNG).

132 The number of studied specimens is the resfudin extensive trapping effort made at a
133 very small scale during five different fieldnk campaigns. Although rhay appear somewhat
134 limited, this sample is, nonetheless, equintla size to microwear studies on rodents

135 captured in the wild (see Burgman et al., 202&landra et al., 2018Yinkler et al., 2016).
136 Furthermore, this is the first of its kirmsmong wild caviomorph microwear studies, which
137 relied on specimens captured over broad gedgrapand temporal ranges (2D, Townsend

138 and Croft, 2008; 3D, Robinet et al., 2020).
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Species oProechimysare primarily frugivorous and granivorous (Table 2; Guillotin,
1982; Adler, 1995; Henry, 1997; Patton and Leite, 20both species, hard exocarps of
fruit are not ingested, but gnawed away withsocs to extract the nutritive seed inside.

Feer et al. (2001) observed tatcuviericonsumes pulp in higher proportion than seeds, and
Guillotin (1982) listed 48 species consumedycuvieriin two French Guianan forests
(Annexe 1; Guillotin, 1982), with a preference for fruit of 1 to 3 cm of diameter. The diet of
P. cuvierialso includes a notable proportion ofents (Table 2; Guillotin, 1982; Feer et al.,
2001). However, no detalil is available regagdihe type of insects consumed. Male® of
cuvieriare reported as more frugivorous than flaszand consuming fewer insects (Henry,
1997). On the other hand, the primarily frugivorous diR.ajuyannensis supplemented by
fungi (arbuscular mycorrhizal fungi, Janosakt 1995; Mangan and Adler, 1999) and leaves.
No detailed diet data is available for guyannensjdhowever, in other mycophageous species
of Proechimysit is recorded that the consunggtivaries along the year depending on
sporocarp availability (Jan&s al., 1995). All diet data we obtained through the study of
stomach contents of several populationBrfechimysn French Guiana (Guillotin, 1982;
Henry, 1997; Feer et al., 200Ecological data, including diet, for each species are
summarized in Table 2.

The studied specimens were not radio-teackecause the objective of the fieldwork
was to collect (trap and kill) specimens. Hoee Guillotin (1982) studied in detail the home
range (3,145 m? for females and 8,431 mhales, with a maximum diameter of
approximately 85 m for females and 131 mrwales, Table 1; Guillotin, 1982), and the
cumulated distance traveled per nig¢®{ m for females and 586 m for malesPotcuvieri
in French Guiana. Everard and Tikagh (1973) described the home rang® ofjluyannensis
(14,000 m? for males and 1,500 m? for females). €h@dues indicate that both species stay

in a relatively small area and do rtehd to move over large distances.



164

165 2.3. Dental Microwear Textural Analysis (DMTA)

166 We considered the first upper molar becatgediagnostic irrodents (e.g., Gomes

167 Rodrigues et al., 2009; Firmat et al., 202011; Oliver et al., 2014) and followed the
168 protocol of cleaning and niding (using polyvinyl siloxane 1ISO 4823, President Regular
169 Body, Coltéene-Whaledent Corporation) deysd by Robinet et al. (2020). Similar to
170 several rodent microwear studies (e.gwmsend and Croft, 2008; Burgman et al., 2016;
171 Calandra et al., 2016; Winkler at, 2019; Robinet et al., 202@he mesiolingual aspect of
172 the protocone was analyzed (Fig. 2).

173 Scans were performed dotey on the silicon molds with the "TRIDENT" Leica
174 DCMS8 white-light scanning confocal microgm®(Leica Microsystems) with a 100x long-
175 distance lens (Numerical Aperture = 0.9@rking distance = 0.6hm), housed at the

176 PALEVOPRIM laboratory (CNRS andniversité de PoitiersFrance). One scan was

177 retained by specimen. The scanning pssagenerated 1360 x 1024 point clouds with a
178 vertical sampling resolution lower than 0.002 and a lateral sampling (x, y) of 0.12&
179 (175 x 132 pm) that were saved as ".(ile's by the LeicaScan software (Leica

180 Microsystems). After applying a pre-tre@nt using LeicaMap software (Leica

181 Microsystems; Mountain technology) and unting notably the exaiction of aberrant

182 peaks (see supplementary data in Mercerah. &016) and a vedal inversion, a 50 x 50
183 m area was extracted, from which tf€ @der polynomial surface was subtracted

184 (Francisco et al., 2018). Finally, the surfaces\wveled and saved as a Digital Elevation
185 Model (".sur") for Scale Sensitiveractal Analysis (SSFA; Fig. 2).

186 The SSFA (Scott et al., 2006) on the selected enamel surface was conducted with the
187 Toothfrax and Sfrax softwapgograms (Surfract Corporation, Norwich, Vermont, USA).

188 We obtained the complexity (area scale of fthcomplexity: Asfc), the anisotropy (exact



189 proportion of length scale anisotropy of reliefiLsar), the heterogeity of complexity
190 (heterogeneity of the area scale of fractahplexity between sub-surfaces from a given
191 surface: HAsfc), and the textural flblume (Tfv; textural fill volume at 0.2m) of the

192 studied surface. In this study, we calculateterogeneity of complexity from four

193 (HAsfc4), nine (HAsfc9) and6 (HAsfc16) cells, respectively (Supplementary Data S1).
194 Scott et al(2006) have described eachtloése variables in detail.

195 The most important food properties conirg the formation of microwear texture
196 are hardness, toughness, and abrassge(@alandra and Meeron, 2016). When

197 considering primates or un@ués, complex microwear texture is seen among species
198 eating hard food items, while high anisotrgmnerally relates to food items requiring
199 more shearing motion, be they tough andimmasive (for a reew see Ungar, 2015).

200 Heterogeneity of complexity was interpretedtorelated to the dersity of food items
201 that an individual consumes on a daily b&Sisuron et al., 2015). Thus, species with a
202 narrow spectrum of feedinggseurces are expected to havmwer heterogeneity than
203 opportunistic species (see Ramdarsétal., 2016 and Merceron et al., 2018b).

204

205 2.4, Statistics

206 All statistical analyses were perform&dh R (R Development Core Team, 2018).

207 As the data were not normally distribdieve used a Box—Cox transformation (Box
208 and Cox, 1964) from the ‘Car’ package (Fox and Weisberg, Z011)e data to meet the
209 parametric test requirements.

210 For each parameter, in order to consmlethe factors and their interactions, we
211 started with a model that can be ddsed as: DMT parameter ~ Species x Sex x

212 Vegetation cover x Month of capture, whéne factor "species” has the modalities

213 Proechimys cuvierandP. guyannensjghe factor "sex" has the modalities males and
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females, the factor "vegetation coveds the modalities old secondary forest
(corresponding to loci 1, 2 and &)d disturbed forest (cosponding to loci 4 and 5), and
the factor "month of capture™” has the modaitielly and October. We then conducted a
stepwise model selection based on Akaikefsrimation Criterion (AIC) values using the
stepAIC function incorporated in the MA$@&ckage (detailed in Supplementary Data
SD2) and retained the bemabdel (lowest AIC's values).

Specimens were captured during fdiferent years: 2007, 2008, 2009, 2010, and
2012. The factor "year" was not included in siiedied model because of its overlap with
other factors in our dataset. However, it seéonot have a significative effect by itself.
All information and details about the factgear" are available in Supplementary Data
SD3.

Analyses of variance ANOVA (Anova; "Car" geage) were undertaken to assess if
there was a significant differea between groups for a given texture parameter. Posthoc
pairwise tests combining the Tukey's hdhesignificant difference test (HSD) and
Fisher's least significant difference (LSD) pasaitests were performed in order to detect
whether a significant difference between the gramsted. The LSD test is incorporated
in the R package agricolae (de Mendiburu, 20B8jh tests were used balance risks of
type | and type Il errors (Cook and Farew2896). When only Fisher's LSD test detected
significant variation, we consided results of marginal sigieince (Burgman et al., 2016;

Hullot et al., 2019; Robinet et al., 2020).

3. Results

Mean, median and standard deviation of thamfer all parameters are given per group in

Table 3. All final models retained for eachrgaeter are available in Supplementary Data

10
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SD2, and include the factors spes; vegetation cover, sex (@pt final model for HAsfc16),
and month of capture (except final model for HAsfc9), as well as combination of the factor
species x vegetation cover, species x segdjgt final model for HAsfc16) and species x
month of capture (except final models for HAsfc4 and HAsfc9). The complete ANOVA
results for the best selected model for eaatromiear textural parameters are available in
Supplementary Data SD4. The ANOVAs detedteat complexity (Ast) and textural fill
volume (Tfv) are significantly different across#a sexes, and months of capture (Table 4).
Textural fill volume (Tfv) values are significiy different across types of vegetation cover
(Table 4). Complexity (Asfc), textural filolume (Tfv), and anisotropy (epLsar) display
differences across the combimatiof several factors (Table Bigs. 3 and 4). None of the
three variables of heterogeneity of cdexpty display significant difference.

Microwear textures dP. cuvieriare more complex (Asf@nd have higher values of
textural fill volume (Tfv) tharP. guyannensi@-ig. 3). Males display more complex (Asfc)
microwear textures and higher values of teattitl volume (Tfv) than females (Tables 3 and
4). Posthoc tests reveal significant differences in complexity (Asfc) and textural fill volume
(Tfv) between females ¢1. guyannensiand both females and maleshofcuvieri(Table 5;

Fig. 3). Males oP. guyannensialso have lower values of complexity (Asfc) and textural fill
volume (Tfv) than males d?. cuvieri but do not show significantftirences with females of
P. cuvieri ForP. cuvierj the dental microwear texture f@males shows marginally lower
textural fill volume (Tfv) and cmplexity (Asfc) than those of males (Table 5; Fig. 3). The
dental microwear textures of the individuaégptured during Octobare significantly less
complex (Asfc) and are characterized by lowduea of textural fill volume (Tfv) than the
individuals captured in July (Tables 8ch4). In particularthe individuals ofP. guyannensis
captured during October display significantly lesmplex (Asfc) dental microwear textures

and are characterized by lower values of textural fill volume (Tfv) than individu&ls of

11
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cuvieri captured during both perigdsnd the individuals d®. guyannensisaptured during
July. However, they display only marginallygher values of anisaipy (epLsar) compared

to individuals ofP. cuviericaptured during October and individualdPofguyannensis
captured during July (Table 5; Fig. 4). Specimegstured in July in the disturbed forest
display significantly more complex (Asfc) anowear textures than specimens captured
during October in both disturbed and old@®ttary forests (Tables 3 and 4). The microwear
textures of individuals captured the old secondary foresogi 8, 1, and 2) are characterized
by lower values of textural fill volume (Tfv) &m individuals captured in the disturbed forest
(loci 4 and 5; Tables 3 and 4; Fig. 4).

Marginal anisotropy differences were deézl through the combination of the factors
species, sex, and vegetation cover (&), with female specimens Bf guyannensis
captured in old secondary forest having slightigre anisotropic microwear textures than any
other group, except for male specimen® ofjuyannensisaptured in disturbed forest with

which no difference was detected (Table 3).

4. Discussion

4.1. Ecological interpretations

Applied to these two sympatric speciePobechimysDMTA detects inter-specific
differences consistent withelr respective known ecology. Theadysis also indicates intra-
specific differences, in particular between seaed months of capture, as well as differences
between types of vegetation cover.

Although fruit pulp is the primary compomieof the diet of both species of
Proechimysour results show that thisoft" (Vogel et al. 2014item is most likely not the

diet component having the largest impact oneth@mel surfaces, as differences in dental

12



289

290

201

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

microwear textures are noticed between the $pecies (Table 4; Fig. 3). On one hand, the
inclusion of seeds and inse¢@Guillotin, 1982; Feer et al., 2Q) many of them being hard

and brittle, in the diet d?. cuvierimay generate more variable and more complex (Asfc)
microwear textures, associated with more despéyred textures as highlighted by the higher
textural fill volume (Tfv) vdues (Table 2; Fig. 3A). Othe other hand, the diet Bf
guyannensiss supplemented by leaves but also RkArbuscular Mycorrtzal Fungi, Janos

et al., 1995; Mangan and Adler, 1999). TheseFAddntain chitin-bearing spores protected by
compact aggregations of spores called apanps (Giovannetti and Gianinazzi-Pearson,
1994). One may guess that those micrometetwben 30 to 160 pum; Janos et al., 1995)
spores might lead to less complex (Asfc) miceawtextures and lower hees of textural fill
volume (Tfv) (Tables 3 and 4; Fig. 3), having misar effect as siliceas phytoliths and other
small abrasives in grazspecies (Scott, 2012).

Overall, textural fill volune (Tfv) and complexity (Asfc) of females are lower than
those of males (Tables 3 and 5), which mdlece differences in diet between sexes in
ProechimysDietary differences between makesd females are known among different
species of mammals reflecting differencesmergetic requirements and physiology (e.g.,
Cransac et al., 2001; Kamilar and Pokemper, 20R8)h differences in dt being reflected in
dental microwear patterns has previously beearded in other species (see Merceron et al.,
2010; Percher et al., 2018). The ecolog¥ ofuyannensis not known in details, but males
of P. cuvieriseem to be more frugivorous than féesaand consume fewer insects (Henry,
1997). As males have a home range twicedatigan females (Guillotin, 1982), they might
resort to secondary components of their dies leften than females. Furthermore, insects
might fulfill the increased protein requirements of gestation and lactation periods in female
rodents (Zambrano et al., 2005). Thus, the sligiferences in textural fill volume (Tfv) and

complexity (Asfc) observed bgeen males and femalesifcuvierimight reflect a slightly

13



314 higher proportion of seeds in the diet of malespared to females. Lower values of textural
315 fill volume (Tfv) indicate a less deeply scarred texture. Insects (preferentially consumed by
316 females) and seeds (preferensialbnsumed by males) are both hard items, but the former are
317 more diverse mechanically speaking (e.g.tlbsess. caterpillars) and might offer less

318 resistance to mastication thdanse seeds (Strait, 1993).

319 Specimens captured in October haws leomplex (Asfc) microwear textures

320 associated with lower values of textural Willume (Tfv) than specimens captured in July
321 (Tables 3-5; Fig. 4). These differences arainly apparent in individuals Bf guyannensis
322 captured in October, which also have lower values in complexity (Asfc) and textural fill
323 volumes (Tfv) as well as slightly highealues of anisotropy than thoseRafcuviericaptured
324 the very same month (Table 5, Fig. 4). Besitkeguyannensismdividualscaptured in

325 October also have slightly higher valuesaofsotropy than individus of the same species
326 captured in July (Table 5). It is known that fravailability is highlyseasonal even in tropical
327 rainforests (Leigh, 1999; Forget et al., 2002; daret al., 2002), even if the amplitude of
328 fructification seasonality is lessened in@adary forests compared to primary forests in
329 French Guiana (Sabatier, 1985). The peakugdtification generally cdoacides withthe start
330 of the wet season, between Maand May. Neither July nor @iber can be considered as
331 high fructification seasons, however, overall &iality of fruit seems higher in July than in
332 October (Charles-Dominique et al., 1981; Guitp1982). It then seems that a drop-in food
333 availability occurring duringhe dry season (October) hasignificant impact on the diet,

334 particularly that oP. guyannensisAs observed for other mycophageous species of

335 ProechimysAMF may become especially criticahen competition for primary resources
336 (fruit) is elevated due tacarcity of fruit (Mangan anddler, 1999). No difference of

337 microwear texture is detesdd between individuals &f. cuviericaptured in both months,

338 which could indicate either th& cuvieridoes not modify its diet nuln across the months or
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that their potential falllack food —mostly consumed in October— either have similar material
properties as their preferreodd resources, or have few effects on enamel surface. On the
contrary, the seasonal differenéeslental microwear texture . guyannensisupport that

in October when fruit are less abundant, the nemponent in diet, mostly leaves and fungi
(AMF), have different properties than thenpary dietary componen{éruit and seeds). Our
results also confirm that when fruit are abumgduring the wet seasam July, both species
seem to have more similar diets.

With regards to the vegetation cover, induals from the disturbed forest display
higher values of textural fill volume (Tfv) thdheir counterparts from the old secondary
forest (Table 4; Fig. 4). Thesesults reflect differences in tesial properties of available
food in the disturbed forest. &iurbed forests are generallgdediverse from a vegetation
cover and faunal diversity point of view (Weibeat al., 2003; de Thoisy et al., 2010; Mitchell
et al., 2014). Arbuscular mycorrlaitztungi (AMF) are particularhgensible to disturbance of
the soil, which would be the case around culédadreas, which candece or even eliminate
their presence (Mangan and Adl&999). Both species &froechimysstudied here are known
to maintain their presence when theg aonstrained by anthropogenic disturbances.
However, it is worth mentioninthhat only three specimens Bf guyannensigere captured in
the disturbed forest (Table 3). Winkletrral. (2016) obtained similar results Rattus rattus
comparing populations from disturbed and ndthabitats. They found that specimens in
disturbed environment were showing rougher oMaar textures, to thextent that it could
belong to different species, indicating highest abrasiveneg§Vinkler et al., 2016).
Furthermore, the specimens captured in Juthéndisturbed forest have more complex (Asfc)
microwear textures than those captured ino@et in both type of vegetation cover (Tables 3
and 4). This could show that, even if July is ti@ high period of frudication (Catzeflis et

al., 2018), fruit and seeds are consunmetthe disturbed forest.
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4.2. Intra-specific variatiowersusinter-specific variation

Here, we do not only detect differences betwwemsympatric species from the same genus,
but we also observed differences in demalrowear textures beten seasons, types of
vegetation cover, even at the small 1.5-knmdesct scale of our study, and sexes (Table 4;
Figs 3 and 4). These are relategéasonal variations in fruihd seed availability, as well as
differences in feeding requirements betwewles and females. Such intra-specific
differences were highlighteid other groups of mamma{s.g., Merceron et al., 2010;
Bignon-Lau et al., 2017). In sonsases, the intra-specific variatylof both species overlaps,
thereby partially obscuring inter-specifidfdrences. For example, if inter-specific
differences are obvious when all specimenB.afuvieriandP. guyannensiare compared,

no significant difference is found wh the microwear texture of o cuvierifemales and
P. guyannensimales are compared (Table 5; Fig. 3).

However, other sources can contributentreased inter-individual differences. The
scanned surface was set to 50 um x 50 um to make it would fit with the dental facet for
these small species. Such dimensions might szeafl as the effects of a small hard or
abrasive element impact a larger portion @f $banned area compared to larger surfaces
usually considered for studies on other lafigedied species of mammals (200 um x 200 pm;
Martin et al., 2018; Merceron et al., 2018a). Tisans that analyses small surfaces (here
for rodents but still true for any other mammai®uld increase intra-specific variability (see
Ramdarshan et al., 2017). Anisotropy (epL&Rnown to be particularly sensible to the
effect of scanned surface aae (Ramdarshan et al., 2017)eTihtra-specific variations
being high, it would partly>plain why few inter-specific differences were found to be

significant, especially on thvery texture parameter
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389 4.3. Implications for paleoecology

390 Although composed of wild indiduals belonging to present-dsgecies, the characteristics
391 of the present dataset (wild specimens, moderate sample size, multi-year and multi-season
392 trapping, and variations in haai) reflect what could be the properties of a fossil sample.
393 Indeed, by nature, a fossil sample might be ratlenogenous in its dental wear properties if
394 it records a single catastrophiguadsitional event (i.e. mortalityue to flooding or a volcanic
395 eruption), or rather heterogeneous if it nelsosuccessive embedding or reworking events,
396 distinct in duration (from a few years tdeav thousands of years). Comparing the intra-

397 sample variability of a fossil sample withetbnes of different wiléxtant samples with

398 different mortality curves allows the estimation of modality and timing of deposition for the
399 fossil samples (Rivals et al., 2015).

400 An important point to keep in mind, whertiegating the diet of etinct species, is that
401 similar dental microwear textures can be trauilteof different ingestedietary items sharing
402 similar material properties (Calandxad Merceron, 2016). Conversely, significant

403 differences in dental microwear textures on btogous dental facets of different species are
404 indeed evidence for difference in dietary tebihe primary component of diet does not
405 always have the strongest impact on demigtrowear texture. Marshall and Wrangham

406 (2007) suggested that dentabathtions might reflect fallback foods (such as fungi, leaves,
407 and insects) rather than preferred foodst{sagfruit). For many species, preferred foods
408 require little specializationral can be processed relativelwibg whereas fallback foods are
409 less easily processed, and require ngpecialization (Rolbison and Wilson, 1998).

410 Experimental settings (Merman et al., 2016b; Ramdarsharaét 2016; Teaford et al., 2018;
411  Winkler et al., 2019a) and applied studies (Mevoeet al., 2010; Bedz et al., 2018) have
412 shown that fallback foods and secondary coneptsof the diet may considerably affect

413 dental microwear textures. Our results onila ywopulation of caviomorph rodents confirm
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that this possibility appliealso to this group. Indeed, thekiow differences in dental
microwear between the two time periods (Juig October), particatly highlighted inP.
guyannensisThe differences might be either drivieyna drop or change in fruit composition
or the inclusion of fungi (AMJand insects in diet. Among those fallback foods, the former
contains high concentration of spores covdrgdesistant and proteee tissues likely acting
as abrasive agents on dentastie, while insects display divemechanical properties from
soft caterpillars to hard and brittle beetl€sese fallback foods might be responsible for the
seasonal differences in dental microwear tedlJngar et al., 2008;r&ni et al., 2019).
Several studies recently shed light on theaispecific variability of dental microwear
textures depending on the composition of diet {fistance in ungulates, Ramdarshan et al.,
2016; Bignon-lau et al., 2017), even the water content of the consumed items (i.e., dry
versuswet grass in guinea pigs; Winkler et 2019a). Other studies even aimed further and
looked into the variability ahe individual level (Armaset al., 2019), often relying on
experimental controlled feeding settingonder to identify the fetors involved in intra-
individual variability and quatfy it (Ramdarshan et al., 201 Winkler et al., 2021). The
intraspecific variability has to be exploredm the individual levke comparing teeth and
wear facets from the same individual tqonove data acquisition and reproducibility
(Ramdarshan et al., 2017; Arman et al., 20/thkler et al., 2021), ta larger scale,
comparing between- and within-population vaaas of the same taxa across different
ecoregions (Burgman et al., 2016; Arman et2019). This work does not address the intra-
individual variability but focusg on factors of variality at the population level. Our results
show that the dental microwear textures reftefferences in habitat structure at a small
spatial scale (1.5 km transect) emphasizing timefiteof tooth wear analysis in general and
especially DMTA to track varteons of food availability at # micro-habitat scale (Belmaker,

2018). Microwear textures from both specie®adechimysoverlap when factors such as sex,

18



439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

seasonality, and types of vegeda cover are considered, baterspecific differences are
detected when both species are compareddksgs of the othelattors. These results
illustrate particularly well the variability and flexibility of diets and feeding behaviors of
caviomorph rodents and their potential impact@t estimations of fossil taxa (Robinet et
al., 2018). It also highlights theportance of having a well-known sample as detailed as
possible rather than numerous specimens lethtraceability (i.e., geographic provenance
and date of capture). Indeed, one limiting faatanterpreting the DMTA results obtained for
caviomorphs is the critical laaif detailed published etholaggil reports and ecological data
for the majority of groups, as well as the litdeperimental data on dental microwear texture
among caviomorph taxa (but see Winkd¢ial., 2019a, 2020, 2021). Indeed, wiRlecuvieri
is well studied and observations were madefith sexes, in both seasons (Guillotin, 1982;
Feer et al., 2001), this not the case fd?. guyannensis

This underscores that explogi the variability caracterizing extargpecies at various
scales is adding more layers of complexitydaleoecological interptations (Catz et al.,
2020; Ungar et al., 2020). Indteajuestions such as seasdgabr depositional timing are
important issues in paleontology but als@inhaeology (Milner and Bailey, 2005; Sanchez-
Hernandez et al. 2014). Analysis of demétrowear and its intra-sample variation can
complement other approaches to assess thpeetast a site scalgohn et al. 1998; Berlioz

et al. 2017; Green et al. 2018; Blumaitat al. 2019; Mereron et al. 2021).

Conclusion

This work, focused on two sympatric species of spiny Rsechimy¥ from French
Guiana, applying DMTA, is the first to explargra- and inter-specifivariations of wild
caviomorph rodents. In our case, DMTA detedétkerences of diet between the two species.

Seasonal variations in fruihd seeds availability, as well dsstinct feeding strategies
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between males and females might explaendiiferences detected by DMTA. Microwear
textures from both species overlap whendexsuch as sex, seasonality and types of
vegetation cover are considered|aeting a dietary overlap betwe&n guyannensiandP.
cuvieri.

Our results highlight that several poistsould be considered when applying DMTA
to interpret diet of fossil taxa. The primargmponent of a diet does not always have the
strongest impact on dental microwear textimdeed, microwear texture reflects the physical
properties of food rather thars iproportions in the diet. Giveyur results, it can be expected
that the secondary components of the dietdmminant in the dental microwear texture
formation in some cases. Our observationfwang species also highlight how different
factors might result in overlapyg values of microwear texteiparameters for species with
different diets. While these results do natl into question the posv of the DMTA to
explore the paleoecology of extinct taxa imme of diet, they do emphasize the necessity to
recognize the high sensitivityyd limitations of the method. DMT Reflects mechanical wear
properties of diet but not all components offit spectrum equally. The fragmentary nature
of fossil samples only allows for a limited eséiion of the diet vaation of extinct taxa.
However, this same intra-sample variability ¢cenused to better identify the modalities of

deposition events througiton-destructive sampling.
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514 Supplementary Data

515 Supplementary Data SD1- Detailed list of studied specimens and individual microwear
516 textural parameters. The file name indicatesfttt that the scan was realized on a mold
517 (Zinv for inverted), the species (Pc fer cuvieri Pg forP. guyannens)sthe collection

518 number of the specimen, the scanned tooth (W first upper molar; | for left, r for

519 right), the scanned area (pct for pratoe; ml for the mesio-lingual portion of the

520 protocone). The suffix -bis appears whercanswas retaken after a first failed attempt.
521 The vegetation cover factor modalities ares#dondary forest (corresponding to 1) and
522 disturbed forest (corresponding to 2). The weear texture parameters are the complexity
523 (Asfc), the anisotropy (epLsar), the hetenogiéy of complexity (HAsfc4, 9 and 16), and
524  the textural fill volume (Tfv).

525

526 Supplementary Data SD2- Detailed stepwise model seton by AIC criterion for each
527 microwear textural parameters. The factorsuded into the starting model are: "species”
528 with the modalitiesroechimys cuvier@ndProechimys guyannensisex" with the

529 modalities males and females, "vegetation cowgth the modalitie®ld secondary forest
530 (corresponding to loci 1, 2 and 8) and dibtd forest (corresponding to loci 4 and 5),
531 "month of capture” with the modalities JulgchOctober, and all the interactions between
532 those factors.

533

534 Supplementary Data SD3- Detailed description, structure of the distribution, and

535 potential effect of the factor "year of capture”.

536

537 Supplementary Data SD4- Complete analyses of varices (ANOVA) results for the

538 best selected model for each microweatural parameters following a Box-Cox
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transformation. The modalities @Peoechimys cuvierandProechimys guyannendisr the
factor "species", males and females for "sex,secondary forest (corresponding to loci
1, 2 and 8) and disturbed foré¢sbrresponding to loci 4 and 5) for "vegetation cover”, July

and October for "month of capture”.
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Figure captions

Figure 1. Geographic map of the region of interest Geographical location of French
Guiana in South America (lefand of the little villag of Cacao (red cross), south of Cayenne
on the Comté River (right). B: Aerial photagh (Geoportail; www.geoptail.gouv.fr) of the
Cacao area with the location ottfive sites of capture frothe anthropized region (left)
toward old secondary forest (right). The numglae(1, 2, 4, 5, 8) white circles correspond to
the five loci of capture (respectively LI-1, PI-LI-4, LI-5, and LI-8).See Table 1 for exact

GPS coordinates:

Figure 2. Graphical representation of the acquisifiwacess of dental microwear parameters
from the studied specimens (A)ttee studied areas of molarearowear (B). A, (left) position
of the studied left first upper molar (M1) on the craniun®Paechimys cuvieri
(MHNG1975.046) in occlusal view (scale bafl cm) and (right) measurement position of
the chewing facet on the same tooth (scale danmmn). The light gray filling indicates the
enamel layer. The black rectgle indicates the 175 x 18&h 3D scan acquired on the
LeicaDCM "Trident". The surface generateds treated using the LeicaMap software
(Mountain technology, Leica Microsystems). Area of study of 50 x 50 um was cut out
manually. Arrow indicates mesio-lingual directid, (left) topographic representations and
(right) photosimulations of the 50 x 50 um studied surfadéroéchimys cuvieri
(MHNG1975.046, top) anBroechimys guyannengisIHNG1984.001, bottom) with the

values of their associatédfc (no unit) and Tfv (in prf) parameters.

Figure 3. Boxplots of significant microwear textuvariables. A, by species; B, by species

and sex. Females are in blackdanales are in light gray. Feroechimys cuvieriPg,
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Proechimys guyannensi&sfc, complexity; epLsar, anigopy; Tfv, textural fill volume.

Solid lines indicate when Tukey's HSD tests were significant (p< 0:0%).

Figure 4. Boxplots of significant microwear textuvariables. A, by species and month of
capture; B, by species and vegetation cover. iBmatcaptured in July are in black, and in
October in light gray. The olcesondary forest vegetation covej {din light blue filling, and
the disturbed forest vegetation cover (2) is in blue filling.AFPoechimys cuvieriPg,
Proechimys guyannensiasfc, complexity; epLsar, anigopy; Tfv, textural fill volume.

Solid lines indicate when Tukey's HSD tests were significant (p< 0:05).
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928 Tables
929

930 Table 1.GPS coordinates and elevation of thefioci of capture in French Guiana.

Locus Latitude Longitude Elevation
LI-1 N 4°33.935’ W52°26.640’ 165 m
LI-2 N 4°34.010° W52°26.940° 140 m
LI-4 N 4°33.950’ W52°27.130° 82 m

LI-5 N 4°34.150° W52°27.315’ 103 m
LI-8 N 4°33.708’ W52°26.590’ 197 m
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931 Table 2.Ecological data of species considenedhis study. Body masses following Alearet al. (2017; supplementary data).

_ Mean Activity _ )
Species N Breeding pattern Diet Referenées
mass patterns

fruit pulp (53%) and
terrestrial year-round seeds (13%), insect

Proechimys cuvieri 27 323¢g ) _ _ 1;2;5;6;8
nocturnal (in French Guiana) (32%), leaves and fiber
(2%)
mainly frugivorous (pulp)
_ _ terrestrial seasonal but also seeds and
Proechimys guyannensisl5 263 g _ 2,3;4,7,8
nocturnal (reportedly) arbuscular mycorrhizal
fungi

932 2References: 1) Guillotin, 1982; 2) Emmarsd Feer, 1997; 3) Eisenberg and Redford, 199®angan and Adler, 1999; 5) Feemkt 2001,
933 6) Catzeflis and Patton, 2016a; 7) Cataedind Patton, 2016b; 8pbre et al., 2016.

934
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935 Table 3.Descriptive statistics of dealtmicrowear texture parametéfsr each species by sex, by month of capture, and by type of vegetation

936

cover. Abbreviations: m, mean; madedian; sd, standard deviation.

N Asfc epLsar x10 HAsfc4 HAsfc9 HAsfc16 Tfv
m med sd m med sd m med sd m med sd m med sd m med

By species
P. cuvieri 27 198 1.09 206 368 3.68 1.35 0.36 0.31 0.20 0.49 0.39 0.37 0.51 0.39 0.30 330.27 137.97
M 10 248 1.83 1.97 351 3.27 1.32 0.31 0.25 0.18 0.39 0.29 0.24 0.47 0.32 0.30 500.30 256.25
F 17 168 0.98 2.12 3.77 3.76 1.39 0.39 0.37 0.21 0.55 0.40 0.42 0.53 0.45 0.31 230.25 50.81
P. guyannensis 15 0.64 045 0.49 454 464 2.14 0.39 0.36 0.13 0.44 0.39 0.19 0.48 0.44 0.16 188.60 1.00
M 10 0.73 0.51 055 390 4.48 1.82 0.42 0.38 0.14 0.45 0.39 0.20 0.49 044 0.16 27452 13.45
F 5 044 0.28 0.29 582 6.34 2.34 0.34 0.32 0.11 041 0.39 0.16 0.44 0.44 0.17 1e6.77 1.00
By month of capture
July 20
P. cuvieri 16 2.23 0.92 254 3.83 3.65 1.34 0.35 0.27 0.22 0.54 0.39 0.44 0.52 0.39 0.33 21942 61.18
P. guyannensis 4 1.16 099 0.66 3.37 254 269 0.31 0.29 0.09 0.34 0.33 0.11 0.36 0.36 0.11 378.69 125.51
October 22
P. cuvieri 11 161 1.10 1.07 3.46 4.11 1.39 0.37 0.34 0.17 0.43 0.38 0.22 0.49 0.39 0.28 491.51 287.38
P. guyannensis 11 045 0.36 0.22 496 4.87 1.87 0.42 0.37 0.13 0.47 0.40 0.20 0.52 0.45 0.16 119.48 1.00
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sd

438.74
564.74
323.57
418.70
497.60

33.00

302.57

590.74

561.15

347.89



937

938

By vegetation cover

Old secondary forest 28

P. cuvieri 16 1.68 1.10 1.35 3.54

P. guyannensis 12 0.58 0.41 0.53 4.67

Disturbed forest 14
P. cuvieri 11 241 1.04 2.83 3.87
P. guyannensis 3 0.86 0.87 0.04 4.01

3.27 1.14 0.34 0.29 0.21 0.52 0.37 0.44 0.49 0.35 0.31 190.62 54.96 300.02
4.57 2.29 0.42 0.38 0.13 0.47 0.41 0.19 0.50 0.46 0.16 122.75 1.00 361.15

424 1.64 0.38 0.37 0.20 0.46 0.40 0.24 0.53 0.45 0.30 533.39 333.04 537.47
4.87 1.57 0.30 0.29 0.07 0.29 0.26 0.10 0.36 0.40 0.10 452.02 117.21 616.19

aAsfc: complexity; epLsar: anisotropy; HAsfc: heterogeneity afiplexity calculated from 4, 9 dril6 cells, respectively; Tfiextural fill

volume.
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939 Table 4.Significant analyses of variance (AN®@Yon Box-Cox transformed data for

940 species, sex, type of vegetation cover, and mohtapture on all dental microwear texture

941 parameters

Parameter Treatment Fvalue pvalue

Asfc species 24.06 <0.001
sex 8.79 0.005
month of capture 8.42 0.007
species x month of capture 8.07 0.008
vegetation cover x month of capture 4.96 0.033

epLsar species x month of capture 5.47 0.026
species X sex X vegetation cover 4.73 0.037

Tfv species 14.26 <0.001
sex 9.34 0.004
vegetation cover 12.28 0.001
month of capture 6.42 0.016
species x month of capture 5.08 0.031

942 2Asfc: complexity; epLsar: anisopy; Tfv: texturalfill volume.
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943 Table 5.Posthoc pairwise comparisons A, betweetresd€F, females; M, males); B, between

944  month of capture (Oct, October; Jul, July). $igance at p< 0.05 is indicated in regular font

945

946

for Fischer’'s LSD tests (marginal), and in b&dd both Tukey’s HSD and Fisher’s LSD tests.

A P. guyannensib P. guyannensisl  P. cuvieriF
P. guyannensisi

P. cuvieriF Asfc, Tfv

P. cuvieriM Asfc, Tfv Asfc, Tfv Asfc, Tfv

B P. guyannensi®ct P. guyannensidul P. cuvieriOct
P. guyannensidul Asfc, Tfv, epLsar

P. cuvieriOct Asfc, Tfv, epLsar

P. cuvieriJul Asfc, Tfv

45



947
948

949

950

951

952

953

954

A ATLANTIC
e Irac:ubo OCEAN
7 St-Laurent
~ du-Maroni
.Kourou
\ 1.9 o Cayenne
“ \’ Grand Santi el Y,
] Lo ‘ )
; French pe
J . Guiana e
V| Suriname /
/j camop !
+ [ | .{(
“ E | Brazil -
{ F
100 km
Cacao
54 53° s2°

Figure 1. Geographic map of the region of interest Geographical location of French

Guiana in South America (lefand of the little villag of Cacao (red cross), south of Cayenne
on the Comté River (right). B: Aerial photegh (Geoportail; www.geoptail.gouv.fr) of the
Cacao area with the location ottfive sites of capture frothe anthropized region (left)
toward old secondary forest (right). The nungal(1, 2, 4, 5, 8) white circles correspond to
the five loci of capture (respectively LI-1, PI-LI-4, LI-5, and LI-8).See Table 1 for exact

GPS coordinates? columns width]
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Figure 2. Graphical representation of the acquisifiwacess of dental microwear parameters
from the studied specimens (A)ttee studied areas of molararowear (B). A, (left) position
of the studied left first upper molar (M1) on the craniunPaiechimys cuvieri
(MHNG1975.046) in occlusal view (scale af cm) and (right) measurement position of
the chewing facet on the same tooth (scale damm). The light gray filling indicates the
enamel layer. The black racigle indicates the 175 x 18&n 3D scan acquired on the
LeicaDCM "Trident". The surface generatgds treated using the LeicaMap software
(Mountain technology, Leica Microsystems). Area of study of 50 x 50 um was cut out
manually. Arrow indicates mesio-lingual directid, (left) topographic representations and
(right) photosimulations of the 50 x 50 um studied surfaderoéchimys cuvieri
(MHNG1975.046, top) anBroechimys guyannengisIHNG1984.001, bottom) with the

values of their associatédfc (no unit) and Tfv (in prf) parameters.
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Figure 3. Boxplots of significant microwear textuvariables. A, by species; B, by species
and sex. Females are in blackdamales are in light gray. Pefoechimys cuvieriPg,
Proechimys guyannensi&sfc, complexity; epLsar, anigopy; Tfv, textural fill volume.

Solid lines indicate when Tukey's HSD tests were significant (p< 0:0%).
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Figure 4. Boxplots of significant microwear textuvariables. A, by species and month of
capture; B, by species and vegetation cover. iBmatcaptured in July are in black, and in
October in light gray. The olcesondary forest vegetation covej {din light blue filling, and
the disturbed forest vegetation cover (2) is in blue filling.AFPoechimys cuvieriPg,
Proechimys guyannensiasfc, complexity; epLsar, anigopy; Tfv, textural fill volume.

Solid lines indicate when Tukey's HSD tests were significant (p< 0:05).
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