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Incisor enamel microstructure of West Indian caviomorph hystricognathous rodents (Octodontoidea and Chinchilloidea)
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Analysis of the incisor enamel microstructure of extinct and extant West Indian caviomorph rodents emphasizes a clear microstructural distinction between the Echimyidae (Capromyinae and Heteropsomyinae) among Octodontoidea and the "Heptaxodontidae" whose phylogenetic affinities are debated. All capromyines and heteropsomyines have a pattern of enamel characterized by a rectangular crystallite arrangement, which is biomechanically strongest in limiting crack propagation most efficiently (subtype [Sbt.] 3 of multiserial Hunter-Schreger bands [HSBs]). This enamel condition is exclusive to all mainland octodontoids. In stark contrast, "heptaxodontids" sampled here exhibit much less derived enamel subtypes of multiserial HSBs with parallel to acute angular crystallite arrangement (Sbt. 1 [Clidomys],

Sbt. 1-2 [Elasmodontomys], and low acute Sbt. 2 [Amblyrhiza]), less well adapted for prevention of crack propagation. The incisor enamel microstructure of Amblyrhiza and Clidomys is consistent with a chinchilloid assignment, as reflected by the anatomy of their auditory region and their unusual dental pattern. For Elasmodontomys, the primitive condition of its incisor enamel is difficult to reconcile with its highly nested phylogenetic position within the Octodontoidea clade (among the Capromyinae), as recently inferred from aDNA analyses. The different enamel patterns among extinct and extant West Indian caviomorphs indicate distinct high-level taxonomic groups, but restricted to the Octochinchilloi (Octodontoidea and Chinchilloidea) among Caviomorpha. The great diversity of caviomorphs on the Caribbean islands resulted from intra-archipelago diversification through time, but their high-level phylogenetic diversity can only be explained by distinct sources, implying de facto multiple (potentially time-staggered) natural colonizations of the West Indies. The chinchilloid-compatible enamel and dental pattern characterizing Borikenomys from lower Oligocene deposits in Puerto Rico, strongly suggest a link with some of the recently-extinct "heptaxodontids" that would substantiate their much greater antiquity in the Caribbean islands.
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Introduction

Rodents are the most diverse and speciose group of living placental mammals [START_REF] Wilson | Mammal Species of the World: a Taxonomic and Geographic Reference[END_REF][START_REF] Burgin | How many species of mammals are there?[END_REF]. Much of the diversity of rodents is found among the hystricognaths of the Neotropics: the caviomorphs (Caviomorpha Wood, 1955), with emblematic forms such as the guinea pigs, capybaras, New World porcupines, chinchillas, spiny rats, or the West Indian hutias. Two main clades are recognized, each divided into two superfamilies (e.g., [START_REF] Fabre | A synopsis of rodent molecular phylogenetics, systematics and biogeography[END_REF][START_REF] Upham | Evolution of caviomorph rodents: a complete phylogeny and timetree for living genera[END_REF]Boivin et al. 2019a):

Erethicavioi Boivin, 2019(comprising Cavioidea Fischer, 1817+ Erethizontoidea Bonaparte, 1845 + stem-lineages) and Octochinchilloi Boivin, 2019(comprising Chinchilloidea Bennett, 1833+ Octodontoidea Waterhouse, 1839 + stem-lineages). Caviomorphs can be found in a variety of environments, and their great taxonomical diversity is also ecological, primarily illustrated by a wide range of body-size (from about 100 g to 65 kg; e.g., Álvarez et al. 2017 and references therein), which results in a large array of lifestyles (arboreal, fossorial, semiaquatic, and terrestrial; e.g., [START_REF] Mares | Patterns of diversity and adaptation in South American hystricognath rodents[END_REF][START_REF] Patton | Mammals of South America[END_REF][START_REF] Wilson | Handbook of the Mammals of the World[END_REF], distinct locomotor behaviors (cursorial, scansorial, swimmers, etc.;[START_REF] Wilson | Diversity and evolution of femoral variation in Ctenohystrica[END_REF][START_REF] Ginot | Ecomorphological analysis of the astragalo-calcaneal complex in rodents and inferences of locomotor behaviours in extinct rodent species[END_REF], different activity patterns (nocturnal, diurnal, cathemeral; e.g., [START_REF] Wilson | Handbook of the Mammals of the World[END_REF], and different diets (e.g., [START_REF] Townsend | Enamel microwear in caviomorph rodents[END_REF]Robinet et al. 2020, 2022, andreferences therein). This astonishing taxonomical and ecological richness of present-day caviomorphs reflects the past 35 million years (at least) of endemic evolution on the South American continent. Their fossil record so far extends back to the Eocene epoch (e.g., [START_REF] Antoine | Middle Eocene rodents from Peruvian Amazonia reveal the pattern and timing of caviomorph origins and biogeography[END_REF][START_REF] Antoine | A 60-million-year Cenozoic history of western Amazonian ecosystems in Contamana, eastern Peru[END_REF][START_REF] Antoine | Biotic community and landscape changes around the Eocene-Oligocene transition at Shapaja, Peruvian Amazonia: regional or global drivers?[END_REF][START_REF] Boivin | Late middle Eocene caviomorph rodents from Contamana, Peruvian Amazonia[END_REF]Boivin et al. , 2019a[START_REF] Boivin | Eocene caviomorph rodents from Balsayacu (Peruvian Amazonia)[END_REF], initially limited to the tropical forested low latitudes of South America, then rapidly expanding into all higher latitude environments on the South American continent (for a review, see Boivin et al. 2019a), and even to the northeastern Caribbean islands by the early Oligocene (Vélez-Juarbe et al. 2014;Marivaux et al. 2020).

West Indian caviomorphs have long been the subject of much debate, not only to explain when and how they arrived/dispersed into these remote islands (over-water versus over-land dispersals), but also with regards to their phylogenetic affinities with South American groups (e.g., MacPhee andIturralde-Vinent 1995, 2005;[START_REF] Woods | Insular patterns and radiations of West Indian rodents[END_REF][START_REF] Dávalos | Phylogeny and biogeography of Caribbean mammals[END_REF][START_REF] Hedges | Paleogeography of the Antilles and origin of West Indian terrestrial vertebrates[END_REF][START_REF] Macphee | Basicranial morphology and relationships of Antillean Heptaxodontidae (Rodentia, Ctenohystrica, Caviomorpha)[END_REF]Marivaux et al. 2020). Extant representatives of the West Indian caviomorphs are the hutias, all members of the Echimyidae Octodontoidea, and today recognized as a single subfamily: Capromyinae (e.g., [START_REF] Courcelle | Digging for the spiny rat and hutia phylogeny using a gene capture approach, with the description of a new mammal subfamily[END_REF]. Most of the hutias are threatened with extinction in the Greater Antilles, an IUCN's assessment that is particularly concerning given that these rodents are already the only remnants of a much greater past diversity of caviomorphs on these islands. Several species of hutias have indeed recently become extinct (e.g., MacPhee 2009; [START_REF] Cooke | Anthropogenic extinction dominates Holocene declines of West Indian mammals[END_REF][START_REF] Turvey | The Last Survivors: current status and conservation of the non-volant land mammals of the insular Caribbean[END_REF][START_REF] Upham | Molecular phylogeography of endangered Cuban hutias within the Caribbean radiation of capromyid rodents[END_REF][START_REF] Orihuela | Assessing the role of humans in Greater Antillean land vertebrate extinctions: new insights from Cuba[END_REF]), but so have other endemic West Indian caviomorphs, such as the heteropsomyine echimyids and the iconic "giant hutias", also known as the "Heptaxodontidae". The latter inhabited distinct Caribbean islands, and provide examples of insular gigantism, with notably a taxon that reached spectacular body size (~200 kg; [START_REF] Biknevicius | Body size in Amblyrhiza inundata (Rodentia: Caviomorpha), an extinct megafaunal rodent from the Anguilla Bank, West Indies: estimates and implications[END_REF], the famous Amblyrhiza inundata (Anguilla Bank; [START_REF] Cope | Exhibition of bones and teeth of a large rodent from the cave deposits of Anguilla, one of the Virgin West India Islands[END_REF][START_REF] Cope | Contents of a bone cave in the island of Anguilla (West Indies)[END_REF][START_REF] Schreuder | Skull of Amblyrhiza from St. Martin[END_REF]). Other known West Indian "heptaxodontids" were not as large, but were nevertheless of respectable size (i.e., medium-sized), with Elasmodontomys obliquus (Puerto Rico; [START_REF] Anthony | Preliminary report of fossil mammals from Porto Rico, with descriptions of a new genus of ground sloth and two new genera of hystricomorph rodents[END_REF][START_REF] Anthony | New fossil rodents from Porto Rico, with additional notes on Elasmodontomys obliquus Anthony and Heteropsomys insulans Anthony[END_REF][START_REF] Anthony | The indigenous land mammals of Porto Rico, living and extinct[END_REF][START_REF] Anthony | Mammals of Porto Rico, living and extinct -Rodentia and Edentata[END_REF], Quemisia gravis (Hispaniola;[START_REF] Miller | Mammals eaten by Indians, owls, and spaniards in the coast region of the Dominican Republic[END_REF][START_REF] Ray | The relationships of Quemisia gravis (Rodentia: ?Heptaxodontidae)[END_REF], Clidomys osborni (Jamaica; [START_REF] Anthony | New mammals from Jamaica[END_REF][START_REF] Macphee | Quaternary mammal localities and heptaxodontid rodents of Jamaica[END_REF][START_REF] Morgan | The extinct rodent Clidomys (Heptaxodontidae) from a late Quaternary cave deposit in Jamaica[END_REF], Xaymaca fulvopulvis (Jamaica; MacPhee and Flemming 2003), and possibly Tainotherium valei (Puerto Rico; [START_REF] Turvey | A new genus and species of 'giant hutia' (Tainotherium valei) from the Quaternary of Puerto Rico: an extinct arboreal quadruped?[END_REF]. The content and high-level systematics of the "Heptaxodontidae" have been in a state of flux over the decades. They were originally regarded as a subfamily of Chinchillidae [START_REF] Anthony | New fossil rodents from Porto Rico, with additional notes on Elasmodontomys obliquus Anthony and Heteropsomys insulans Anthony[END_REF][START_REF] Anthony | The indigenous land mammals of Porto Rico, living and extinct[END_REF], then subsequently a subfamily closely related to the extinct large/giant South American taxa such as Eumegamyinae, Neoepiblemyinae and Phoberomyinae (these last three subfamilies were considered at that time as Cavioidea; [START_REF] Simpson | The principles of classification and a classification of mammals[END_REF], then closely related to the Dinomyidae [START_REF] Ray | The relationships of Quemisia gravis (Rodentia: ?Heptaxodontidae)[END_REF], but see also [START_REF] Miller | Synopsis of the supergeneric groups of rodents[END_REF], or even a full-fledged family including only West Indian taxa, closely related to the other West Indian rodents, the Capromyidae (e.g., Woods and Hernanson 1985;[START_REF] Woods | The biogeography of West Indian rodents[END_REF]. Some other rodentologists even kept the family in open nomenclature (incertae sedis) among Caviomorpha [START_REF] Patterson | Rodents from the Deseadan Oligocene of Bolivia and the relationship of Caviomorpha[END_REF][START_REF] Fabre | A synopsis of rodent molecular phylogenetics, systematics and biogeography[END_REF], while others iteratively regarded Heptaxodontidae together with Capromyidae as Octodontoidea [START_REF] Mckenna | Classification of Mammals Above the Species Level[END_REF], also redistributing on this occasion the aforementioned related subfamilies of extinct giant rodents of South America among the standard superfamilies (for a detailed summary, see MacPhee 2011). In his study of basicranial morphology, MacPhee (2011) has found morphological evidence in favor of the chinchilloid 1 status of Amblyrhiza, whereas for Elasmodontomys, its affinities have remained uncertain inasmuch as the primitive basicranial features observed in this taxon resemble "a wide variety of other taxa" (but not chinchilloids in general). Yet, without much conviction, MacPhee (2011) goes with the idea that the most likely position of Elasmodontomys is within the Octodontoidea.

Most of the extinct capromyines, heteropsomyines and "heptaxodontids" are known from Quaternary material, although their evolutionary history on the islands undoubtedly goes back much further [START_REF] Macphee | Origin of the Greater Antillean land mammal fauna, 1: new Tertiary fossils from Cuba and Puerto Rico[END_REF]MacPhee et al. 2003;[START_REF] Macphee | Insulae infortunatae: establishing a chronology for Late Quaternary mammal extinctions in the West Indies[END_REF][START_REF] Macphee | Basicranial morphology and relationships of Antillean Heptaxodontidae (Rodentia, Ctenohystrica, Caviomorpha)[END_REF]. Recent gene-based phylogenies of extant Echimyidae (including West Indian capromyines and South American echimyines and euryzygomatomyines) indicate an early/middle Miocene divergence of hutias from their mainland sister taxon Carterodon, a result which hence suggests a Neogene colonization of the West Indies by South American octodontoids [START_REF] Fabre | Rodents of the Caribbean: origin and diversification of hutias unravelled by next-generation museomics[END_REF][START_REF] Courcelle | Digging for the spiny rat and hutia phylogeny using a gene capture approach, with the description of a new mammal subfamily[END_REF]. Even more recent molecular phylogenetic analyses of Neotropical Echimyidae, including extant capromyines and, for the first time, ancient DNA (aDNA) of extinct capromyines and heteropsomyines plus Elasmodontomys, resolved the latter taxon as closely related to the Hispaniolan capromyine Plagiodontia, both taxa being situated at the base of the Capromyinae clade [START_REF] Woods | Ancient DNA suggests single colonisation and within-archipelago diversification of Caribbean caviomorph rodents[END_REF]. Extinct heteropsomyines sampled for these analyses (Boromys offella and Brotomys voratus) were found as the closest out-groups of the Capromyinae clade [START_REF] Woods | Ancient DNA suggests single colonisation and within-archipelago diversification of Caribbean caviomorph rodents[END_REF].

In this phylogenetic context, the identification of such a West Indian clade gathering heteropsomyines + capromyines-Elasmodontomys, led Woods and colleagues to consider the origin of these rodents as the result of a single event of colonization of the Caribbean archipelago from a South American Carterodon-like echimyid ancestor, sometime during the early/middle Miocene interval. Although the title of their publication2 entails the monophyly of all West Indian caviomorphs, they also suggested that other "heptaxodontids", notably Amblyrhiza and/or Clidomys, might represent (a) separate colonization(s) of the West Indies by other mainland caviomorphs, albeit no Miocene or Quaternary South American caviomorph is known to be closely related to these two West Indian subfossils to date.

The direct evidence of an ancient dispersal of South American caviomorph rodents toward the Caribbean archipelago was first provided by the discovery of dental remains of an echimyid octodontoid from the early Miocene of Cuba (Zazamys veronicae; MacPhee and [START_REF] Macphee | Origin of the Greater Antillean land mammal fauna, 1: new Tertiary fossils from Cuba and Puerto Rico[END_REF]. The subsequent discovery of a rodent incisor in lower Oligocene deposits in Puerto Rico (Río Guatemala [RG], San Sebastian Formation [SB Fm.]) demonstrated that rodents had colonized the Greater Antilles even earlier (Vélez-Juarbe et al. 2014). Interestingly, the enamel microstructure of that incisor indicated the presence on this island, at that early time, of a caviomorph with affinities other than Octodontoidea (i.e., rather chinchilloid, cavioid or erethizontoid affinities; Martin in Vélez-Juarbe et al. 2014). In 2019, the additional discovery of several dental remains (molars) in these same Puerto Rican deposits (RG, SB Fm.), compatible in size to the former incisor found in the same spot, have allowed to demonstrate the presence of undoubted chinchilloid rodents in Puerto Rico as early as the early Oligocene (Marivaux et al. 2020). This discovery has therefore raised the critical question of a possible link between these Paleogene Puerto Rican chinchilloids and some of the Pleistocene-Holocene West Indian "giant hutias" ("heptaxodontids", especially Amblyrhiza and Elasmodontomys) for which a chinchilloid status was also supported from compatible dental morphology and incisor enamel microstructure evidence (Marivaux et al. 2020). Accordingly, the possibility of a greater antiquity of some of the Quaternary "giant hutias" has been seriously considered, as well as the existence of a pattern of multiple and time-staggered dispersal events to explain the natural colonization of the West Indies by rodents (see Marivaux et al. 2020[START_REF] Marivaux | An unpredicted ancient colonization of the West Indies by North American rodents: dental evidence of a geomorph from the early Oligocene of Puerto Rico[END_REF].

We explore here the possible link between the Oligocene Puerto Rican chinchilloids and some of the Pleistocene-Holocene West Indian "heptaxodontids" (after Marivaux et al. 2020) versus the relationships between "heptaxodontids" and capromyine/heteropsomyine octodontoids (after [START_REF] Woods | Ancient DNA suggests single colonisation and within-archipelago diversification of Caribbean caviomorph rodents[END_REF], through the analysis of the incisor enamel microstructure. This study substantially complements taxonomically Martin's (1992) first analysis of incisor enamel microstructure of West Indian caviomorph subfossils, and provides illustrations of the enamel of these taxa, which had not been made available previously (notably for Amblyrhiza and Elasmodontomys, and the few hutias sampled initially). The enamel microstructure of the incisor of rodents has proven to be a powerful tool for systematics and phylogeny of the group (e.g., [START_REF] Korvenkontio | Mikroskopische Untersuchungen an Nagerincisiven unter Hinweis auf die Schmelzstruktur der Backenzähne[END_REF][START_REF] Wahlert | Variability of rodent incisor enamel as viewed in thin section, and the microstructure of the enamel in fossil and Recent rodent groups[END_REF][START_REF] Boyde | Development of the structure of the enamel of the incisor teeth in the three classical subordinal groups of the Rodentia[END_REF][START_REF] Koenigswald | Evolutionary trends in the enamel of rodent incisors[END_REF]Martin 1992Martin , 1993Martin , 1994aMartin , b, 1997;;[START_REF] Kalthoff | Die Schmelzmikrostruktur in den incisiven der hamsterartigen Nagetiere und anderer Myomorpha (Rodentia, Mammalia)[END_REF]Marivaux et al. 2004).

The incisor enamel in rodents is primarily composed of two layers [START_REF] Korvenkontio | Mikroskopische Untersuchungen an Nagerincisiven unter Hinweis auf die Schmelzstruktur der Backenzähne[END_REF], the portio externa (PE) consisting of radial enamel in which bundles of hydroxyapatite crystallites (= prisms) are oriented in the same direction, and the portio interna (PI), which is characterized by decussating bands of prism rows, named Hunter-Schreger bands (HSBs) (Martin 1992(Martin , 1993;;[START_REF] Koenigswald W V | Glossary of terms used for enamel microstructures[END_REF][START_REF] Alloing-Séguier | Relationships between enamel prism decussation and behavior of the ameloblast layer in rodent incisors[END_REF]. Between the prisms, there is an enamel fraction also formed by parallelly-oriented hydroxyapatite crystallites, but which are not bundled into prisms (Fig. 1). This fraction forms the interprismatic matrix (IPM). Ctenohystrican rodents (including Ctenodactylidae, Diatomyidae, and Hystricognathi) display an incisor enamel layer with a PI having decussating multi-prism rows and thin sheets of IPM, which allows describing multiserial HSBs [START_REF] Korvenkontio | Mikroskopische Untersuchungen an Nagerincisiven unter Hinweis auf die Schmelzstruktur der Backenzähne[END_REF]Martin 1992Martin , 1993)). On the basis of the angle of the IPM crystallites with respect to the prism long axes, several subtypes of multiserial HSBs can be distinguished (Martin 1992(Martin , 1993(Martin , 1994a(Martin , 1997; see Boivin et al. 2019b). A first subtype (Sbt. 1) can be described when the IPM crystallites run parallel to those of the prisms, or slightly deviate from them with a low angle (very low acute angle), and anastomoses very regularly, but without totally surrounding each prism (sheet to sheath-like IPM). A second subtype (Sbt. 2) is identified when the IPM crystallites (thin sheets) anastomose moderately to regularly, and form an acute angle (with a wide amplitude range) to the prism crystallite direction. A third subtype (Stb. 3) is described when the IPM sheets show few or no anastomoses, and their crystallites run at a very high acute or right angle to those of the prisms, forming inter-row sheets (i.e., rectangular platelike IPM; Fig. 1). On the biomechanical level, an increasing angulation of the IPM provides a better resistance to the crack propagations, as it strengthens the enamel in the third dimensions (Martin 1992(Martin , 1993(Martin , 1994a(Martin , 1997)). A Sbt. 3 of multiserial HSBs characterized by such a rectangular crystallite (prisms and IPM) arrangement is considered as the most derived/specialized condition of enamel, a statement which is corroborated by the successive stratigraphic occurrences of the different subtypes (1 then 2 and finally 3), and the observation of transitional cases (i.e., Sbt. 1-2 and Sbt. 2-3;Martin 1994aMartin , 1997Martin , 2005;;Marivaux et al. 2004Marivaux et al. , 2019;;Vucetich et al. 2015;Boivin et al. 2019b). The three subtypes of multiserial HSBs can be found in the different main ctenohystrican clades (see Online Resource 1), with the Sbt. 3 iteratively acquired in most terminal clades. Among caviomorphs, the Sbt. 1, Sbt. 2 and transitional Sbt. 1-2 of multiserial HSBs are found in extinct and extant erethizontoids, chinchilloids and cavioids (Online Resource 1; Martin 1992Martin , 1994b)). Modern members of these last three superfamilies have then preserved less advanced and less resistant incisor enamel conditions. In contrast, the derived transitional Sbt. 2-3 and chiefly Sbt. 3 of multiserial HSBs are restricted to octodontoids from an early stage in their evolutionary history (Online Resource 1; Martin 1992Martin , 1994bMartin , 2004Martin , 2005;;Boivin et al. 2019b). However, the achievement of Sbt. 3, which can be seen as the best adaptation against crack, seems to have evolved rapidly and iteratively within the Octodontoidea clade (e.g., Vucetich and Vieytes 2006;Vucetich et al. 2010;Boivin et al. 2019b). This incisor enamel condition (Sbt.

3) characterizing virtually all extinct and all extant octodontoids is therefore particularly in stark contrast to the less advanced enamel condition observed by Martin (1992) for the incisor of Elasmodontomys (i.e., low acute Sbt. 2; Martin 1992 [but not illustrated]), especially if the latter taxon turns out to be nested high within the Octodontoidea clade, well-into the Echimyidae, as resolved by [START_REF] Woods | Ancient DNA suggests single colonisation and within-archipelago diversification of Caribbean caviomorph rodents[END_REF].

For the purposes of this study, we assembled an important number of incisors of extinct West Indian caviomorphs, including a newly-discovered incisor of the chinchilloid from the early Oligocene of Puerto Rico, and several incisors documenting "heptaxodontids", heteropsomyines and capromyines, which all come from Quaternary contexts (see Table 1).

With this sampling, we have the opportunity to compare more comprehensively than Martin (1992) the incisor enamel microstructure characterizing each West Indian caviomorph group, to highlight some incompatibilities of previously suggested phylogenetic affinities, and finally to discuss in favor or against some recently proposed phylogenetic hypotheses concerning "giant hutias". We will discuss the results with a special emphasis on the implications for macroevolutionary and historical biogeographic patterns of some West Indian caviomorphs.

Materials and Methods

The material of this study consists primarily of incisors of subfossil and fossil caviomorphs from the West Indies, which have been recovered over the past few decades (see Table 1 for details on their geographic provenance, age and collectors/collections). We assembled incisors documenting subfossil "heptaxodontids" (notably Amblyrhiza, Elasmodontomys, and Clidomys), subfossil heteropsomyines (Heteropsomys, Boromys, and Brotomys), and subfossil capromyines (Isolobodon, Hexolobodon, Rhizoplagiodontia, Plagiodontia, Geocapromys, Capromys, Macrocapromys, and Mesocapromys), the two latter being echimyid octodontoids.

We tried to sample as many genera as possible, represented by at least one species (at best two). Regrettably, we were not successful in obtaining incisors documenting the extinct "heptaxodontid" Quemisia, Xaymaca, and Tainotherium. An incisor recovered from lower Oligocene deposits of Puerto Rico (San Sebastian Fm.) was also sampled for enamel microstructure analyses. This incisor was found in the same level as the former one described by Vélez-Juarbe et al. (2014) and the lower molars of compatible size that allowed the description of a dinomyid chinchilloid (Borikenomys; see Marivaux et al. 2020). Incisors of a few living caviomorphs from South America (Chinchilla and Lagidium [chinchillid chinchilloids], and Cuniculus [cuniculid cavioid]) and from the West Indies (Mysateles [capromyine]) were also sampled here for enamel comparison purposes. The latter were retrieved from skulls of available specimens housed in the osteological collection of the Université de Montpellier (Table 1). However, our primary reference for enamel microstructure comparisons will be the extensive database of incisor enamel of living caviomorphs assembled by Martin (1992). The latter also includes enamel data on extinct caviomorphs, as well as other extant and extinct rodents in general (Online Resource 1). This database for comparisons will be supplemented by the subsequent work of Martin (1993Martin ( , 1994aMartin ( , 1994bMartin ( , 2004Martin ( , 2005)), and other available work on this topic (e.g., Vieytes et al. 2007;Vucetich et al. 2010Vucetich et al. , 2015;;Arnal et al. 2014;Vélez-Juarbe et al. 2014;Assemat et al. 2019;Boivin et al. 2019b;Marivaux et al. 2019Marivaux et al. , 2020)). For our sampling, in most cases (extinct and extant species), the incisors were removed from the embedding bone structure (dentary or maxillary), and only a fragment of less than 1 cm was punctured for analysis. The remaining part of the incisor was repositioned in the bone socket, or preserved separately. In some fossil cases, incisors or fragments of incisors were found isolated. In fossil rodent-bearing localities containing several species, incisor identification was made by morphological comparison with better-preserved specimens from the same localities, whose bony structures bear incisors and molars, as well as on the basis of size compatibility. Lower versus upper incisors were identified according to their radius of curvature (lower incisors having a much greater radius than upper incisors of similar overall dimensions).

All selected incisor specimens were embedded in artificial epoxy resin. After hardening, they were cut transversally to observe the incisor in cross-section, and to draw the outline of the enamel layer (Fig. 2). They were subsequently grounded and polished longitudinally with successive silicon carbide papers (800-4000). The final finely polished sections were etched for 30 s with 37% phosphoric acid (H3PO4), to make the microstructural details of the enamel visible, then rinsed with distilled water. The samples were air-dried and coated with conductive material (palladium) before being examined with a scanning electron microscope (SEM; HITACHI S 4000) at different magnifications (Figs. 1 and3-9).

For describing the enamel microstructure, we followed the nomenclature of [START_REF] Koenigswald W V | Glossary of terms used for enamel microstructures[END_REF] and Martin (1992Martin ( , 1993) (see Fig. 1). The measurements carried out on the enamel layer observed in longitudinal section follow those proposed by Martin (1992Martin ( , 1993)), Boivin et al. (2019b) and Marivaux et al. (2019). The angle α formed between the direction of the IPM crystallites and that of the prism crystallites was measured at the level of the HSB, where the prism axis is the longest. For describing the variation of α across the different incisor sampled, we arbitrarily subdivided its observed range as follows: 0° ≤ α ≤ 15°, the IPM crystallites and the prism crystallites are parallel or their respective directions deviate slightly from each other, forming a very low acute angle; 15° < α ≤ 40°, the directions of the two crystallite sets form a low acute angle; 40° < α ≤ 70°, they form a medium to high acute angle; 70° < α ≤ 90°, they form a very high acute to right angle (rectangular crystallite arrangement, plate-like IPM). The identification of a subtype of multiserial HSBs for a given incisor was based on the observation of the whole longitudinal section available of the specimen. The distinction between the main subtypes (and subtle cases of transitional subtypes) was based not only on the value of α, but also on the general organization/configuration of the IPM (i.e., sheets between rows of prisms, sheets interprisms, sheath-like sheets, and frequency of the IPM crystallite anastomoses). We note that the recognition of transitional subtypes (especially Sbt. 1-2) is subtle and sometimes difficult to formalize. Nevertheless, we primarily considered the apparent increase in resistance to crack propagation (otherwise, the primitive state as opposed to the successive more advanced/derived states of the IPM configuration, more efficient to limit crack propagation).

Results

All the incisors analyzed (25) in longitudinal section exhibit a double layer enamel consisting of a PE of variable thickness from one tooth specimen to another and composed of radial enamel, and a PI showing decussated multi-prism rows and thin IPM sheets, which allows the description of multiserial HSBs (Figs. 3456789). All observed enamel characters and measurements made on SEM photographs of the studied incisor specimens are reported in Table 2.

Capromyinae Echimyidae Octodontoidea

Isolobodon portoricensis † (Fig. 3a-b) and I. montanus † (Fig. 3c-d). For both species, the enamel layer in longitudinal section displays HSBs in PI that run straight. The PE, with radial enamel, is weakly extensive, representing only about 1/10 th or less of the enamel thickness. In I. montanus, the prisms in PE are strongly inclined and lanceolate. In both species, HSBs in PI display four prisms in average per band, which are oval to flattened in cross-section. A prism of transition between two decussating HSBs can be observed on I. portoricensis, whereas it is not clearly visible/identifiable on I. montanus. The IPM crystallites in PI are less developed than those of the prisms, whereas in PE it seems equal in strength. In PI, the IPM is thin and lies plate-like between the prism rows (i.e., inter-row sheets), without anastomosis, and with its crystallite direction nearly perpendicular to the prism main axes. With such an IPM crystallite arrangement, the two incisors of these two species of Isolobodon illustrate an enamel microstructure characterized by an advanced Sbt. 3 of multiserial HSBs. The enamel layer differs only moderately between the two species, notably in overall thickness (PE + PI), which is thinner in I. montanus (although the incisor is slightly wider), and in the presence of more inclined HSBs in PI in I. portoricensis.

Hexolobodon phenax † (Fig. 3e-f). The enamel layer is particularly thick with respect to the width of the incisor (compared to the thickness observed in other capromyines with incisors of comparable size). The PE is limited, accounting for less than 10% of the total enamel thickness. The PI/PE boundary is straight and clearly perceptible. In PI, the HSBs are inclined at ~25° (main axis), but they are not straightly arranged from the EDJ to the PI/PE boundary, and instead appear somewhat undulating. Near the EDJ (~15% of PI) and the PI/PE boundary (~5% of PI), the HSBs are more inclined than in the main central part of PI. Each HSB display four prisms that are particularly flattened in cross-section, and there is no prism of transitional zone between two adjacent HSBs. The IPM crystallites run at a nearly right angle to the prism crystallites, and form thin sheets (plate-like) between rows of prisms (inter-row sheets), with only very rare anastomoses. This kind of crystallite arrangement typifies a Sbt. 3 of multiserial HSBs.

Rhizoplagiodontia lemkei † (Fig. 3g-h). The enamel layer of this taxon is almost entirely composed of PI, the PE being less than 5%. Furthermore, the PE/PI boundary remains particularly difficult to distinguish. In PI, the HSBs are markedly inclined and straightly arranged, and are composed of three or four oval to flattened prisms, the fourth being often a prism of transitional zone between two HSBs. At the EDJ, a thin starting zone with a parallel prism progression is observable. The IPM crystallites in PI are almost perpendicular to the crystallites of the prisms, and form thin plates between the prism rows (i.e., inter-row sheets), without any perceptible anastomosis. This type of crystallite arrangement typifies a Sbt. 3 of multiserial HSBs.

Plagiodontia ipnaeum † (Fig. 4a-b). Whereas this taxon is the largest of the West Indian echimyids sampled (capromyines and heteropsomyines), its (large) incisor displays a particularly thin enamel layer, almost similar in thickness to that of taxa with incisors almost twice as small (see Table 2, Incisor width versus Enamel thickness). The PE is limited (~8% of the total enamel thickness), and the PI/PE boundary is straight and clearly perceptible. In PI, HSBs are moderately inclined, and are composed of at least four prisms that are oval in cross-section. There is an additional prism that appears as a transitional zone between two HSBs. The crystallites of the IPM and prisms are of equal strength. The direction of the IPM crystallites forms a right angle with the main axis of the prisms. The IPM lies plate-like, forming well-marked and separated sheets between prism rows (no anastomosis), thereby describing a typical Sbt. 3 of multiserial HSBs.

Capromys pilorides lewisi † (Fig. 4c-d). This taxon displays a tick enamel layer relative to the incisor proportions. The PE is limited and the PE/PI boundary is not well defined. In PI, the HSBs are slightly inclined, appearing nearly sub-vertical near the EDJ (accounting for 5% of PI). At least five or even six prisms, arranged in a row, can be counted across the width of a HSB. There is no visible transitional prism between two HSBs. The IPM crystallites run perpendicular to those of the prisms, forming thin inter-row sheets, which never anastomose. This type of crystallite arrangement typifies a well-accomplished Sbt. 3 of multiserial HSBs.

Geocapromys caymanensis † (Fig. 4e-f) and G. columbianus † (Fig. 4g-h). The two incisors sampled in these two species of Geocapromys have the same size, and also display a similar thickness of their enamel layer, which may seem relatively thin compared to other capromyines of similar incisor size (Table 2). In both species, the PE is strongly reduced and hardly discernible. In PI, the HSBs are strongly inclined, and include rows of four to five prisms in width, without prism of transitional zone. The prisms are oval in cross-section. The crystallite (IPM and prisms) arrangement in PI is basically similar in the two species. The IPM is well marked and appears as well-defined sheets between the prism rows (plate-like), without IPM inter-prism crystallite in a row (i.e., without anastomosis or very rarely). The crystallites of the IPM sheets run at an almost right angle to the main direction of the prisms.

Both species of Geocapromys exhibit an incisor enamel microstructure characterized by a Sbt.

of multiserial HSBs.

Macrocapromys acedo † (Fig. 5a-b). The analyzed incisor has a thin enamel layer, with a relatively narrow but clearly distinguishable PE of radial enamel, characterized by strongly bent prisms. In PI, the HSBs are only slightly inclined (barely 23°) and straight, with only three prisms wide (in row), and a fourth being a prism of transitional zone between two HSBs.

The prisms are strongly flattened, and can even be confused with the IPM sheets (inter-row plate-like), inasmuch as the IPM and prism crystallites seem equal in strength. The IPM crystallites run fully perpendicular to the main direction of the prism crystallites, without any anastomosis. This crystallite arrangement describes a Sbt. 3 of multiserial HSBs.

Mesocapromys nanus † (Fig. 5c-d). The sampled incisor has a "standard" thickness of its enamel layer (i.e., neither thicker nor thinner than the average of all sampled capromyine incisors). It displays a well-developed PE that accounts for about 15% of the total enamel thickness, a feature that distinguishes this genus (as well as Mysateles) from other sampled capromyines showing a thinner PE development. The radial enamel of the PE includes prisms and IPM parallel and steeply inclined (almost horizontal). In PI, HSBs are particularly inclined (~50°). The prisms (limited to three per band) are very flattened, and their crystallites seem of equal strength to those of the IPM sheets. There is a well-defined prism of transitional zone between two adjacent HSBs. The IPM crystallites run at a very high acute angle (subrectangular) to the prism direction. There is no IPM inter-prism crystallite anastomosis between prism rows. The enamel microstructure of this incisor documents a Sbt. 3 of multiserial HSBs.

Mysateles sp. (Fig. 5e-f). The incisor enamel of this genus is very close to that of Mesocapromys, with a proportionally similar thickness of the enamel layer (with respect to the incisor width), including a well-developed PE (16%). Crystallites of prisms and IPM in PE are parallel and steeply inclined. In PI, HSBs are inclined at 35°. They include welldefined and parallel rows composed of three to four prisms, which are particularly flattened.

The fourth prism of the row can be a prism of transition between two adjacent HSBs, but the latter is neither well-marked nor regular. The crystallites of the prisms are of equal strength to those of the IPM sheets. The latter are well distinguished, and their crystallites run fully perpendicular to the prism direction, with no inter-prism or inter-row anastomosis. Such a crystallite arrangement describes a well-accomplished Sbt. 3 of multiserial HSBs.

Heteropsomyinae Echimyidae Octodontoidea

Brotomys contractus † (Fig. 6a-b). This small upper incisor displays a moderately thin enamel layer, with a well-marked PE of radial enamel accounting for 12 % of the total enamel thickness. The prisms in PE are parallel and strongly inclined, nearly oriented horizontally.

The PI/PE boundary is straight but not well defined linearly, with HSBs in PI protruding irregularly in the PE zone. In PI, HSBs are only slightly inclined (~20°), straight and include successive rows including a maximum of three prisms, which are rounded to oval in crosssection. One to two prisms form a well-marked transitional zone between two adjacent HSBs.

The IPM form thin inter-row sheets (plate-like IPM), whose crystallites have a perpendicular orientation to those of the prisms. There is no anastomosis of the IPM sheets. This crystallite arrangement describes a Sbt. 3 of multiserial HSBs.

Boromys offella † (Fig. 6c-d) and B. torrei † (Fig. 6e-f). These two small incisors document two species of Boromys, particularly tiny, among the smallest of the species sampled for these analyses. As is the case with Brotomys, considering the size of these two incisors (in relation to the measured incisor width), their enamel layer may appear relatively thick compared to the condition observed in capromyines. Both incisors have a PE representing 10-12% of the total enamel thickness. The PE/PI boundary is particularly difficult to distinguish, especially for the incisor of B. offella, inasmuch as the prisms and IPM are of similar strength, parallel and vertically oriented. This portion of the incisor enamel of B. torrei was damaged by polishing, which does not allow for a clear observation of the crystallite orientation in PE. In PI, for both incisors, the HSBs display regular rows including three to four prisms appearing relatively flat in cross-section, the fourth prism forming a well-marked transitional zone between two adjacent HSBs. In both specimens, the IPM lies plate-like between the prism rows (i.e., interrow sheets), without clear anastomosis (eventually possible but rare for B. offella). The IPM crystallite direction is perpendicular to the prism main axis. The enamel microstructure of these two incisors is basically similar and describes a well-accomplished Sbt. 3 of multiserial HSBs. The enamel of the two incisors differs in the inclination of the HSBs in PI, which appear more inclined in B. offella than in B. torrei, although these differences in inclination might simply reflect a difference in the sampled dental locus (lower versus upper incisor, respectively). They also differ in the presence of rare HSB divisions, noticeable in B. torrei, but not observed in B. offella.

Heteropsomys sp. † (Fig. 6g-h). Considering the size of this sampled incisor, which is more than twice as large as the incisors of Brotomys and Boromys, the incisor enamel layer in Heteropsomys is particularly thin, similar to that of the incisor of B. torrei, the smallest species sampled here (see Table 2). PE accounts for 10% of the total enamel thickness, and includes prisms and IPM of similar strength, parallel and strongly inclined. The PE/PI boundary is clearly distinguishable and straight. In PI, the HSBs are moderately inclined, straight and are composed of prism rows including four to five prisms, oval in cross-section, with the fifth prism forming a transitional zone between two HSBs. The IPM is particularly well marked, lying plate-like between the prism rows, with possible (very rare) anastomoses.

The crystallites of the IPM sheets run at a very acute to right angle (i.e., sub-rectangular) to the main direction of the prisms. This crystallite arrangement typifies a Sbt. 3 of multiserial HSBs.

"Heptaxodontidae"

Elasmodontomys obliquus † (Fig. 7a-f). The three available incisors sampled for this taxon are lower ones. They are among the largest incisors in our study, reflecting the medium to large body size of Elasmodontomys, approximating that of the capromyine Plagiodontia.

Despite the large size of these incisors, their enamel layer is proportionally very thin, with a thickness equivalent to that observed on incisors two to three times smaller previously studied (capromyines or heteropsomyines; Table 2). The PE of radial enamel is variable in thickness, accounting for 10 to 17% of the total enamel thickness. Prisms and IPM in PE are of similar strength, and moderately inclined. The boundary between PE and PI is quite distinct, but not smooth and horizontal, appearing somewhat rough due to the presence of HSBs of PI protruding irregularly in the PE zone. In PI, HSBs are moderately inclined (27-37°) and straightly arranged from the EDJ to the PI/PE boundary. At the EDJ, a thin starting zone with a parallel prism progression is observable. HSBs are noticeably wide, comprising oblique rows of four to five prisms, the fifth prism or even an additional sixth prism, forms a particularly well-defined transitional zone between two adjacent HSBs. Prisms are rounded/oval to slightly flattened in cross-section. The IPM is thin but particularly "invasive", forming sheets between the prism rows and often between the prisms in a row, thereby describing a pattern of IPM characterized by regular anastomoses. The IPM crystallites run with a low but clearly discernible angular difference to the prism crystallites (low acute angle between the directions of the two crystallite sets). Such an IPM crystallite arrangement with a low value of α, describes among the early stages of a Sbt. 2 of multiserial HSBs, even a transitional Sbt. 1-2 if we consider the very frequent and regular anastomoses of the IPM sheets (inter-rows and frequently inter-prisms in a row).

Clidomys sp. † (Fig. 7g-h). The incisor of this taxon is also among the largest specimens sampled, and like in Elasmodontomys, the enamel layer is thin, equivalent in thickness to the incisors two to three times smaller studied previously (capromyines or heteropsomyines;

Table 2). The PE represents only 10% of the total enamel thickness. The IPM and prism crystallites in PE are equal in strength as no distinction can be made between the two structures. The PE/PI boundary is discernible, but somewhat discontinuous in appearance due to the presence of protruding HSBs of PI in the PE area. In PI, the HSBs are very slightly inclined (12-15°) and can split or fuse locally, but most often in a limited PI region (about 30%) situated near the PI/PE boundary. The HSBs are straight and particularly wide, composed of poorly defined rows of prisms, which may include up to five prisms (or occasionally more in the split regions or less in the merging regions). There is no clear prism of transition between two HSBs. The prisms are strongly flattened in cross-section. The IPM crystallites form thin sheets that run partly parallel to the prisms, but also partly at a very low angle. The IPM sheets anastomose permanently, so that the prisms are almost completely enveloped (sheath-like IPM). Due to a very close direction of the IPM and prism crystallites, it may be difficult to distinguish the two structures in cross-section. Such a crystallite arrangement with almost parallel prisms and IPM sheets, the latter anastomosing permanently, corresponds to a Sbt. 1 of multiserial HSBs. Amblyrhiza sp. † (Fig. 8a-d). The incisor of this taxon is the largest specimen sampled for this analysis, reaching at least twice the size of the incisor of Clidomys, and more than twice the size of some of the incisors of Elasmodontomys. The thickness of the enamel layer is of the same importance as the incisors of Clidomys and Elasmodontomys, thereby indicating a relatively thin enamel layer for the size of the incisor, compared to the sampled echimyids (capromyines and heteropsomyines). The PE with radial enamel accounts for 10-13% of the total enamel thickness, including prisms and IPM of similar strength, and as such being not clearly distinguishable from each other. The PE/PI boundary is fairly distinct, but not clearly delineated. In PI, the HSBs are straight and moderately inclined (25-34°), and no division was observed along the analyzed section. The HSBs are rather large, showing inclined multi-prism rows, comprising at least five prisms per band, plus one or two prisms of transition between two adjacent HSBs (not on a regular basis). The prisms have an oval or flat cross-section. The IPM is relatively thick with respect to the prism, and thus well visible, forming sheets between the prism rows and often between the prisms in a row, indicating frequent and regular anastomoses. The crystallites of IPM run at a low acute angle to the prism direction. This crystallite arrangement describes an early stage of a Sbt. 2 of multiserial HSBs. Amblyrhiza sp. † (juvenile) (Fig. 8e-f). This medium-sized incisor was found in the same fossil locality (and in close proximity) as the one that yielded the large-sized remains attributed to Amblyrhiza (Îlet Coco, St. Barth; Table 1). It is almost half the size of the largest Amblyrhiza incisors recovered, and its buccal surface is characterized by a crenulated ornamentation, similar to that of the large incisors of the genus. Given that there is no other large-bodied caviomorph rodent other than Amblyrhiza recorded/known on the Anguilla Bank to date, it is likely that this smaller incisor specimen corresponds to a juvenile individual of Amblyrhiza (inundata?). The microstructural pattern in PI (crystallite arrangement of the prisms and IPM) is indeed strictly similar to the one described above (i.e., early stage of Sbt. 2 of multiserial HSBs). The main distinctions are, of course, a thinner enamel layer, but especially the shape and inclination of the HSBs. The latter appear as curved (with a high radius of curvature). They are strongly inclined in the central part of PI, while they become almost vertical when approaching the EDJ.

Fossil Chinchilloidea and living Chinchilloidea and Cavioidea

Borikenomys praecursor † (Fig. 8g-h). This incisor fragment displays a moderately thin enamel layer, but somewhat thicker than that covering the former incisor described by Martin in Vélez-Juarbe et al. (2014). Similar to the latter one, the enamel is double-layered, with a PE accounting for 18% of the total enamel thickness (among the thickest PE recorded here). In PI, HSBs are also ~40° inclined apically, and comprise three to four prisms per band, which are rounded to oval in cross-section. The fourth prism is often transitory between two adjacent HSBs. The IPM crystallites run at a low acute angle to the prism long axes, and are arranged as thin sheets (hardly visible) between the prism rows, and anastomose regularly, thereby describing an early stage of a Sbt. 2 of multiserial HSBs.

Lagidium sp. (Fig. 9a-b). The enamel layer of this small-bodied species is very thin (much thinner than in the smallest West Indian echimyids sampled here; i.e., Boromys, Brotomys, Mesocapromys, Geocapromys, etc.), double-layered with a rather extensive PE, accounting for 19% of the total enamel thickness (one of the thickest PE recorded here). The crystallites of the IPM and prisms are of similar strength in PE (i.e., hardly differentiable), both making structures strongly inclined. The PE/PI boundary is well distinct but not linear. In PI, HSBs are steeply inclined (45°; one of the highest angles recorded here) and straight, with three to four prisms wide, the fourth even a fifth prism being transitional between two HSBs. In crosssection, the prisms are oval to flattened. The IPM is predominantly parallel to the prism direction, but occasionally minor angular differences occur (very low acute angles). It consists of thin inter-row and inter-prism sheets (permanent anastomoses) that almost completely envelop the prisms on all sides (sheath-like IPM). Such a crystallite arrangement typifies a Sbt. 1 of multiserial HSBs, and even transitional Sbt. 1-2 if we take into consideration the minor angular differences between the direction of the IPM crystallites and that of the prism crystallites.

Chinchilla sp. (Fig. 9c-d). The enamel layer is, as for the incisor of Lagidium, very thin, with a thick PE (21%). In PE, the crystallites of the IPM and prisms are hardly differentiable, both appearing strongly inclined. The PE/PI boundary is straight/horizontal, and particularly well distinguishable. In PI, the HSBs are strongly inclined (up to 49°), straight, and include three flat prisms per band, with a well-marked transitional zone between two adjacent HSBs, made by one or two additional prisms. The IPM form thin sheets between the prism rows and often between the prisms in a row (frequent/regular anastomoses). The IPM crystallites form a very low to low acute angle to the prism direction. This crystallite arrangement describes an earlier stage of a Sbt. 2 of multiserial HSBs (even a transitional Sbt. 1-2 if we consider the very frequent and regular anastomoses of the IPM sheets).

Cuniculus paca (Fig. 9e-f). This sampled incisor of that medium-sized caviomorph (Cavioidea) displays a moderately thick enamel layer with a PE accounting for a large part of the total enamel thickness (22%). The PE/PI boundary is clearly distinct and straight. In PI, the HSBs are only slightly inclined and include frequent divisions. The HSBs appear wide, although including only four prisms, which are large but very flattened in cross-section. There is no prism of transition between the HSBs. The IPM crystallites and prism crystallites are of similar strength, and run parallel to each other. However, it sometimes happens that their respective directions deviate slightly from each other, forming a very small acute angle. The IPM sheets anastomose on a regular basis (inter-row and inter-prism; i.e., sheath-like IPM). This crystallite arrangement corresponds to an advanced Sbt. 1 of multiserial HSBs.

Discussion and Conclusion

In this study, we substantially expanded taxonomically Martin's (1992) first analysis of incisor enamel microstructure of extinct and extant West Indian caviomorphs. Pragmatically, we especially provide here enamel SEM pictures of some of the formerly sampled taxa that had not previously been illustrated (Martin 1992;Martin in Vélez-Juarbe et al. 2014). For the taxa treated by both Martin (1992) and ourselves (plus the additional taxa in our dataset), the results are fully consistent, showing a clear distinction between the enamel microstructures of the West Indian Echimyidae Octodontoidea (Capromyinae and Heteropsomyinae) and the West Indian "Heptaxodontidae", whose phylogenetic affinities are still debated. All extinct and extant hutias and spiny rats from the West Indies (capromyines and heteropsomyines, respectively) have enamel crystallites whose configurations, assemblages and/or proportions vary in many respects (e.g., number of prisms per HSB, presence or absence of transitional prisms between HSBs, shape of the prisms in cross section, inclination of HSBs in PI, percentage of PE, etc.; see Table 2), but all describing a pattern of enamel microstructure characterized by a rectangular crystallite (IPM and prisms) arrangement that is biomechanically strongest in limiting crack propagation (i.e., Sbt. 3 of multiserial HSBs; Table 2). This highly derived/specialized condition of the incisor enamel is found in all their echimyid octodontoid counterparts from the South American continent (i.e., Echimyinae, Euryzygomatomyinae, and Carterodontinae; Martin 1992), and more extensively in all related families within the Octodontoidea clade (i.e., Echimyidae, Octodontidae, Ctenomyidae, and Abrocomidae; Martin 1992) (see Online Resource 1). In caviomorphs in general, the Sbt. 3 of multiserial HSBs is not observed in chinchilloids, cavioids and erethizontoids (see Online Resource 1), being exclusive of octodontoids, and this from an early stage in their evolutionary history (Martin 1992(Martin , 2004(Martin , 2005;;Vucetich and Vieytes 2006;Vucetich et al. 2010;Boivin et al. 2019b). Such a highly resistant/efficient enamel microstructure characterizing West Indian echimyids contrasts sharply with that recorded for the "heptaxodontid" taxa sampled here for this analysis, which exhibit much less resistant incisor enamels. Indeed, the incisors of Clidomys, Elasmodontomys and Amblyrhiza display an enamel layer relatively much thinner and characterized by a less complex crystallite arrangement, with the IPM sheets being parallel or at a low acute angle to the prism long axes, and permanently or regularly anastomosing. Such crystallite arrangements describe less advanced subtypes of multiserial HSBs (Sbt. 1 [Clidomys], Sbt. 1-2 [Elasmodontomys], and low acute Sbt. 2 [Amblyrhiza]; see Table 2). The same is true for the incisor of the chinchilloid Borikenomys from the early Oligocene of Puerto Rico, which displays an enamel microstructure typifying a low acute Sbt. 2 of multiserial HSBs, strongly reminiscent to that of the incisor of Amblyrhiza (regardless of the very large size difference between the two taxa). These less advanced enamel microstructures characterizing West Indian "heptaxodontids" (or "giant hutias") are found in extinct and extant chinchilloids, cavioids or erethizontoids from South America, but never in octodontoids (see Online Resource 1 and Table 2; Fig. 9; Martin 1992).

The absence of highly-derived rectangular crystallite arrangements in the incisor enamel of Amblyrhiza and Clidomys, does not favor of an octodontoid status for these two taxa, but, in turn, it is consistent with a chinchilloid assignment, as independently reflected by the anatomy of their auditory region (middle-ear of Amblyrhiza, MacPhee 2011; inner-ear of Amblyrhiza and Clidomys, Da Cunha 2020, unpublished MSc results;Da Cunha et al. in prep.) and their unusual dental pattern (e.g., Marivaux et al. 2020, and cited references herein). For Elasmodontomys, it is more complicated since a primitive condition of the IPM crystallite arrangement characterizing its incisor enamel microstructure (i.e., Sbt. 1-2 of multiserial HSBs), is difficult to reconcile with the highly-nested phylogenetic position of this taxon within the Octodontoidea clade (among the Echimyidae Capromyinae), as recently inferred from aDNA analyses [START_REF] Woods | Ancient DNA suggests single colonisation and within-archipelago diversification of Caribbean caviomorph rodents[END_REF]. Elasmodontomys was indeed found sister to Plagiodontia (P. aedium), and the subclade of both species was resolved at the base of the Capromyinae clade. Species of Plagiodontia (P. aedium and P. ipnaeum) are smaller-bodied than Elasmodontomys obliquus, but their incisors are comparatively very large and robust (Table 2). The incisor of P. ipnaeum (Fig. 2e) sampled here is of roughly similar width to the incisor of E. obliquus (Fig. 2o-q), but the two teeth display clearly distinct enamel microstructures (thick layer with Sbt. 3 versus thin layer with Sbt. 1-2 multiserial HSBs, respectively). If such a phylogenetic position for Elasmodontomys turns out to be correct, this taxon would thus represent the only case of an incisor enamel with a lower degree of resistance, among taxa that have all achieved the highest incisor enamel resistance (Sbt. 3 of multiserial HSBs) since the Paleogene. The acquisition of a Sbt. 1-2 of multiserial HSBs characterizing the incisor enamel of Elasmodontomys could then only be explained by a reversion toward this less resistant enamel condition from a very resistant one characterizing all octodontoids. From biomechanical and architectural perspectives, such a loss of threedimensional enamel reinforcement is, however, hardly conceivable, since the selective pressure is rather towards strengthening the enamel of the heavily stressed incisor (T. Martin, pers. comm., which we follow). Given this unique case of enamel/phylogeny mismatch, an alternative would be to consider a possible sampling error regarding the extracted aDNA assumed to represent Elasmodontomys (after [START_REF] Woods | Ancient DNA suggests single colonisation and within-archipelago diversification of Caribbean caviomorph rodents[END_REF], which could potentially be that of a hutia (capromyine), close to Plagiodontia, instead of Elasmodontomys. Without definitively calling into question the phylogenetic results of [START_REF] Woods | Ancient DNA suggests single colonisation and within-archipelago diversification of Caribbean caviomorph rodents[END_REF] today, these puzzling incompatibilities then require that the aDNA extraction for Elasmodontomys to be duplicated, and new phylogenetic reconstructions to be performed (work in progress).

Elasmodontomys still represents today a real morphological and phylogenetic conundrum as it displays primitive basicranial features that resemble "a wide variety of other taxa" (MacPhee 2011), inner ear traits intermediate between octodontoids and chinchilloids (i.e., Octochinchilloi; Da Cunha 2020, unpublished MSc results; Da Cunha et al., in prep.), some postcranial similarities with octodontoids [START_REF] Patterson | Rodents from the Deseadan Oligocene of Bolivia and the relationship of Caviomorpha[END_REF][START_REF] Woods | Myology of hystricognath rodents: an analysis of form, function and phylogeny[END_REF], an unusual chinchilloid cheek tooth laminar pattern characterized by a heterogeneous enamel layer (Marivaux et al. 2020), and an incisor enamel microstructure found in extinct and extant chinchilloids, cavioids and erethizontoids, not in octodontoids (Martin 1992;this work).

Considering the phylogenetic significance of the incisor enamel microstructure (e.g., [START_REF] Korvenkontio | Mikroskopische Untersuchungen an Nagerincisiven unter Hinweis auf die Schmelzstruktur der Backenzähne[END_REF][START_REF] Wahlert | Variability of rodent incisor enamel as viewed in thin section, and the microstructure of the enamel in fossil and Recent rodent groups[END_REF][START_REF] Boyde | Development of the structure of the enamel of the incisor teeth in the three classical subordinal groups of the Rodentia[END_REF][START_REF] Koenigswald | Evolutionary trends in the enamel of rodent incisors[END_REF]Martin 1992Martin , 1993Martin , 1994aMartin , 1994bMartin , 1997;;[START_REF] Kalthoff | Die Schmelzmikrostruktur in den incisiven der hamsterartigen Nagetiere und anderer Myomorpha (Rodentia, Mammalia)[END_REF]Marivaux et al. 2004), it is clear for us that the different enamel patterns observed here among the West Indian caviomorphs indicate the presence of distinct high-level taxonomic groups. When crossed with morphological information deriving from dental and basicranial (middle and inner ears) anatomies, extinct and extant West Indian caviomorphs essentially document the Octochinchilloi (Octodontoidea and Chinchilloidea).

The diversity of caviomorphs on the Caribbean islands is obviously the result of intraarchipelago diversification through time, but their high-level phylogenetic diversity can only be explained by distinct sources, implying de facto multiple natural colonizations of the West Indies. Recent gene-based phylogenies of extant Echimyidae, including West Indian Capromyinae (e.g., [START_REF] Fabre | Rodents of the Caribbean: origin and diversification of hutias unravelled by next-generation museomics[END_REF][START_REF] Upham | Molecular phylogeography of endangered Cuban hutias within the Caribbean radiation of capromyid rodents[END_REF][START_REF] Courcelle | Digging for the spiny rat and hutia phylogeny using a gene capture approach, with the description of a new mammal subfamily[END_REF], are congruent for proposing a split of the insular forms from their South American relatives (Carterodon-like ancestor after [START_REF] Courcelle | Digging for the spiny rat and hutia phylogeny using a gene capture approach, with the description of a new mammal subfamily[END_REF]) sometime during the early/middle Miocene. The same is true when subfossil representatives of the West Indian capromyines and extinct heteropsomyines are included in these molecular data on extant Echimyidae [START_REF] Woods | Ancient DNA suggests single colonisation and within-archipelago diversification of Caribbean caviomorph rodents[END_REF]. Capromyinae and Heteropsomyinae are resolved as sister taxa, thereby suggesting that their South American echimyid ancestor (i.e., Carterodon-like ancestor) most likely arrived in the Greater Antilles during a single dispersal event [START_REF] Woods | Ancient DNA suggests single colonisation and within-archipelago diversification of Caribbean caviomorph rodents[END_REF]). Regarding the "heptaxodontid" chinchilloids (Amblyrhiza, Clidomys, and according to us Elasmodontomys and Quemisia), they most likely result from one (or several) separate dispersal event(s), staggered in time or perhaps concomitant with that of the echimyids. The question of one or multiple colonizations of the West Indies by South American chinchilloids, and the chronology of this or these dispersals, would require formally establishing the relative positions of the insular taxa in a comprehensive and dated phylogeny of Chinchilloidea (including all mainland taxa, i.e., extinct and extant dinomyids and chinchillids, and extinct neoepiblemids [and eventually extinct cephalomyids]). The recent discovery of a dinomyid chinchilloid (Borikenomys praecursor) in lower Oligocene deposits of Puerto Rico provides compelling evidence for an early dispersal of South American chinchilloids to the Caribbean islands near the Eocene/Oligocene transition (at the time of the GAARlandia land-bridge; Vélez-Juarbe et al. 2014;Marivaux et al. 2020 and references cited therein). With the fossil dental material discovered, including incisors, we have re-analyzed here the incisor enamel microstructure of Borikenomys (formerly studied by Martin in Vélez-Juarbe et al. 2014), and noticed its strong microstructural similarities with the enamel condition characterizing Quaternary "heptaxodontids", in particular Amblyrhiza from the Anguilla Bank (Fig. 8).

Similarly, this also suggest chinchilloid or "heptaxodontid" affinities for the late Oligocene unnamed taxon B described in Velez-Juarbe et al. (2014), also from Puerto Rico. Despite the limited fossil evidence currently assembled for Borikenomys, the unusual dental traits of the latter (e.g., laminae with heterogeneous thickness of the enamel layer, and narrow interlamina space filled with cement), which are otherwise retrieved only in several mainland chinchilloids (extinct and extant dinomyids and chinchillids) and in the West Indian3 Amblyrhiza, Elasmodontomys and Quemisia, strongly suggest its possible phylogenetic link with these more recent chinchilloid forms of the islands (Marivaux et al. 2020). If this link is proven to be true, it would highlight the long-live insular lineage of the West Indian chinchilloids, including a tendency towards a spectacular island gigantism, as was achieved for some of their South American counterparts (e.g., [START_REF] Mones | Un Neoepiblemidae del Plioceno medio (Formacion Urumaco) de Venezuela (Mammalia: Rodentia: Caviomorpha)[END_REF][START_REF] Sánchez-Villagra | The anatomy of the world's largest extinct rodent[END_REF][START_REF] Rinderknecht | The largest fossil rodent[END_REF][START_REF] Carrillo | Giant rodents from the Neotropics: diversity and dental variation of late Miocene neoepiblemid remains from Urumaco, Venezuela[END_REF][START_REF] Álvarez | Diversification patterns and size evolution in caviomorph rodents[END_REF][START_REF] Rinderknecht | Making a giant rodent: cranial anatomy and ontogenetic development in the genus Isostylomys (Mammalia, Hystricognathi, Dinomyidae)[END_REF]Boivin et al. 2019c;[START_REF] Ferreira | Small within the largest: brain size and anatomy of the extinct Neoepiblema acreensis, a giant rodent from the Neotropics[END_REF]. "Giant hutias" unfortunately never reached modern times, although they potentially evolved on the islands for over 30 million years. Their possible long evolutionary history on the islands needs to be demonstrated/documented by paleontological data, especially for the Miocene epoch. It is in this sense that we are now concentrating our efforts in the field, in order to further document the fossil record of chinchilloids, but also of echimyid octodontoids (capromyines and heteropsomyines), as well as other island vertebrates (e.g., [START_REF] Blackburn | The earliest record of Caribbean frogs: a fossil coquí from Puerto Rico[END_REF][START_REF] Marivaux | An unpredicted ancient colonization of the West Indies by North American rodents: dental evidence of a geomorph from the early Oligocene of Puerto Rico[END_REF]Viñola Lopez et al. 2022). UM N312, Chinchilla sp. Some of specimens have the dentine dammaged (dashed lines). a-d, h-j, l, n-q and s-y: lower incisors. e-g, k and m: upper incisors. r, lower or upper incisor. 

Figure captions
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 12 Fig. 1 Optical and scanning electron photomicrographs of an incisor for which the enamel microstructure is revealed in section after polishing and etching. a. longitudinal section of the incisor (here Capromys pilorides) showing the enamel layer on the buccal aspect of the tooth (optical incident light photography); b. studied area of the enamel layer at higher magnification, showing inclined Hunter-Schreger bands (HSBs) (optical incident light photography); c. studied area of the enamel layer, revealing microstructural details (scanning electron photomicrograph): the portio externa (PE) is the outer part of the enamel layer, displaying radial enamel, whereas the portio interna (PI), generally representing the largest proportion (%) of the total enamel thickness, displays multiserial HSBs. On this given sample, HSBs are inclined at ~35° to the enamel-dentine junction (EDJ); d. microstructural detail of 'c' showing seven decussating HSBs with five to six prisms per band, and the crystallites of the inter-prismatic matrix (IPM) forming thin plates between the prism rows (inter-row sheets) that run perpendicular to the prism long axes (direction), without any anastomosis between prisms
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 3456789 Fig. 3 Scanning electron photomicrographs of incisors of subfossil spiny rat hutias (Echimyidae Capromyinae) from the West Indies, for which the enamel microstructure (multiserial HSBs) is shown in longitudinal section and at different magnifications. The left pictures illustrate an overview of the enamel layer for each specimen, and the associated right ones a detail of the microstructure in PI. a-b. Isolobodon portoricensis (UF 520141); c-d.Isolobodon montanus (UF 333172); e-f. Hexolobodon phenax (UF 520143, reversed); g-h.Rhizoplagiodontia lemkei (UF 70850)

  depending on the arrangement and direction of the hydroxyapatite crystallites of the IPM, with respect to the crystallites of the prisms, thereby describing different subtypes (Sbt.) or transitional subtypes of multiserial enamel. Arbitrary division of the range of the angle (α) formed between the IPM crystallites and the prism crystallites: parallel to very low acute angle (0° ≤ α ≤ 15°); low acute angle (15° < α ≤ 40°); medium to high acute angle (40° < α ≤ 70°); very high acute to right angle (70° < α ≤ 90°). Abbreviations: HSB, Hunter-Schreger band; IPM, inter-prismatic matrix; mm, millimeters; PE, portio externa; PI, portio interna; †, extinct; #, slightly different fromSupplementary MaterialOnline Resource 1 Incisor enamel microstructure for extant and extinct Ctenohystrica

Fig. 1

 1 Fig. 1 Optical and scanning electron photomicrographs of an incisor for which the enamel microstructure is revealed in section after polishing and etching. a longitudinal section of the incisor (here Capromys pilorides) showing the enamel layer on the labial aspect of the tooth (optical incident light photography); b studied area of the enamel layer at higher magnification, showing inclined Hunter-Schreger bands (HSBs) (optical incident light photography); c studied area of the enamel layer, revealing microstructural details (scanning electron photomicrograph): the portio externa (PE) is the outer part of the enamel layer, displaying radial enamel, whereas the portio interna (PI), generally representing the largest proportion (%) of the total enamel thickness, displays multiserial HSBs. On this given sample, HSBs are inclined at ~35° to the enamel-dentine junction (EDJ); d microstructural detail of 'c' showing seven decussating HSBs with five to six prisms per band, and the crystallites of the inter-prismatic matrix (IPM) forming thin plates between the prism rows (inter-row sheets) that run perpendicular to the prism long axes (direction), without any anastomosis between prisms

  Fig.2Incisor cross-sections of sampled hystricognathous rodents from the West Indies and South America. Most of specimens from the West Indies are subfossils (see Table1). a UF 520141, Isolobodon portoricensis; b UF 333712, Isolobodon montanus; c UF 520143, Hexolobodon phenax; d UF 70850, Rhizoplagiodontia lemkei; e UF 520142, Plagiodontia ipnaeum; f UF 520144, Capromys pilorides; g Geocapromys caymanensis; h CLV 2595, Geocapromys columbianus; i CLV 401, Macrocapromys acevedo; j CLV 2597, Mesocapromys nanus; k UF 333716, Brotomys contractus; l CVL 2596, Boromys offella; m CLV 2598, Boromys torrei; n UPRMP-3229, Heteropsomys sp.; o UPRMP-3230, Elasmodontomys obliquus; p UPRMP-3231, Elasmodontomys obliquus; q UPRMP-3232, Elasmodontomys obliquus; r UF 274295, Clidomys sp.; s UM SB-Coco-03, Amblyrhiza sp.; t UM SB-Coco-04, Amblyrhiza sp. (juvenile); u LACM 162956, Borikenomys praecursor; v UM 524N, Mysateles sp.; w UM N385, Cuniculus paca; x UM 521N, Lagidium sp.; y UM N312, Chinchilla sp. Some of specimens have the dentine dammaged (dashed lines). a-d, h-j, l, n-q and s-y: lower incisors. e-g, k and m: upper incisors. r, lower or upper incisor. Scale bar = 1 mm

Fig. 3

 3 Fig. 3 Scanning electron photomicrographs of incisors of subfossil spiny rat hutias (Echimyidae Capromyinae) from the West Indies, for which the enamel microstructure (multiserial HSBs) is shown in longitudinal section and at different magnifications. The left pictures illustrate an overview of the enamel layer for each specimen, and the associated right ones a detail of the microstructure in PI. a-b Isolobodon portoricensis (UF 520141); c-d Isolobodon montanus (UF 333172); e-f Hexolobodon phenax (UF 520143, reversed); g-h Rhizoplagiodontia lemkei (UF 70850)
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 456789 Fig. 4 Scanning electron photomicrographs of incisors of subfossil spiny rat hutias (Echimyidae Capromyinae) from the West Indies, for which the enamel microstructure (multiserial HSBs) is shown in longitudinal section and at different magnifications. The left pictures illustrate an overview of the enamel layer for each specimen, and the associated right ones a detail of the microstructure in PI. a-b Plagiodontia ipnaeum (UF 520142); c-d Capromys pilorides lewisi (UF 520144); e-f Geocapromys caymanensis (UF 520145); g-h Geocapromys columbianus (CLV 2595, reversed)

  

Table 1

 1 Boromys torrei; n. UPRMP-3229, Heteropsomys sp.; o. UPRMP-3230, Mysateles sp.; w. UM N385, Cuniculus paca; x. UM 521N, Lagidium sp.; y.

	). a. UF

Table captions Table 1

 captions1 List of sampled taxa for incisor enamel microstructure analyses with indications on their geographic provenance, age and collectors/collections. Abbreviations: CLV, Colección Lazaro Viñola; Coll., Collection; FMNH, Florida Museum of Natural History, Division of Vertebrate Paleontology, USA; LACM, Natural History Museum of Los Angeles County, USA; SB, Saint-Barthélemy, French West Indies; UF, University of Florida, USA; UM, Université de Montpellier, France; UPRMP, University of Puerto Rico, Mayaguez (Paleontology Collection, Department of Geology), Puerto Rico, USA; (frag.) means fragment of incisor. The date format used here is DD/MM/YY

Table 2

 2 Enamel characters and measurements of the studied incisor specimens. All incisor sections display multiserial HSBs. Enamel distinctions are made between some incisors

Chinchilloidea in its modern view, i.e., including Chinchillidae (Chinchillinae and Lagostominae), Dinomyidae and fossil kinds, and all the extinct close relatives, notably the giant neoepiblemids; e.g.,Kramarz et al. 

2013;[START_REF] Kerber | Tropical fossil caviomorph rodents from the southwestern Brazilian Amazonia in the context of the South American faunas: systematics, biochronology, and paleobiogeography[END_REF][START_REF] Kerber | A new rodent (Caviomorpha: Dinomyidae) from the upper Miocene of southwestern Brazilian Amazonia[END_REF][START_REF] Kerber | Morphology of cheek teeth and dental replacement in the extinct rodent Neoepiblema Ameghino, 1889 (Caviomorpha, Chinchilloidea, Neoepiblemidae)[END_REF][START_REF] Rinderknecht | Making a giant rodent: cranial anatomy and ontogenetic development in the genus Isostylomys (Mammalia, Hystricognathi, Dinomyidae)[END_REF] Boivin et al. 2019a;[START_REF] Rasia | Comprehensive total evidence phylogeny of chinchillids (Rodentia, Caviomorpha): cheek teeth anatomy and evolution[END_REF]).

"Ancient DNA suggests single colonization and within-archipelago diversification of Caribbean caviomorph rodents"[START_REF] Woods | Ancient DNA suggests single colonisation and within-archipelago diversification of Caribbean caviomorph rodents[END_REF]).

The dental pattern of Clidomys is much more reminiscent to that of neoepiblemid chinchilloids (i.e., laminar pattern but without heterogeneity of the enamel layer).

Earliest Oligocene Tarapoto/Shapaja TAR-01 (upper mb. Pozo Fm.), Peru Multiserial sbt 2 Boivin et al. (2019a) MUSM 3343 Earliest Oligocene Tarapoto/Shapaja TAR-01 (upper mb. Pozo Fm.), Peru Multiserial sbt (2)-3 Boivin et al. (2019a) MUSM 3344 Earliest Oligocene Tarapoto/Shapaja TAR-01 (upper mb. Pozo Fm.), Peru Multiserial sbt 1-2 Boivin et al. (2019a) MUSM 3345 Earliest Oligocene Tarapoto/Shapaja TAR-01 (upper mb. Pozo Fm.), Peru Multiserial sbt 2 Boivin et al. (2019a) MUSM 3346 Earliest Oligocene Tarapoto/Shapaja TAR-01 (upper mb. Pozo Fm.), Peru Multiserial sbt 3 Boivin et al. (2019a) MUSM 3347 Earliest Oligocene Tarapoto/Shapaja TAR-01 (upper mb. Pozo Fm.), Peru Multiserial sbt 2 Boivin et al. (2019a) MUSM 3348 Earliest Oligocene Tarapoto/Shapaja TAR-01 (upper mb. Pozo Fm.), Peru Multiserial sbt 2-3 Boivin et al. (2019a) MUSM 3349 Earliest Oligocene Tarapoto/Shapaja TAR-01 (upper mb. Pozo Fm.), Peru Multiserial sbt 3 Boivin et al. (2019a) MUSM 3350 Earliest Oligocene Tarapoto/Shapaja TAR-01 (upper mb. Pozo Fm.), Peru Multiserial sbt 2 Boivin et al. (2019a) MUSM 3351 Earliest Oligocene Tarapoto/Shapaja TAR-01 (upper mb. Pozo Fm.), Peru Multiserial sbt 2 Boivin et al. (2019a) MUSM 3352 Earliest Oligocene Tarapoto/Shapaja TAR-01 (upper mb. Pozo Fm.), Peru Multiserial sbt 3 Boivin et al. (2019a) MUSM 3353 Earliest Oligocene Tarapoto/Shapaja TAR-01 (upper mb. Pozo Fm.), Peru Multiserial sbt (1)-2 Boivin et al. (2019a)

Data Availability Statement Incisor specimens analyzed (polished cross sections and remaining parts of incisors) during the current study are available from the institutions that provided them (see specimen catalog numbers). The figured and extra SEM micrographs generated and analyzed during the current study are available from the corresponding author upon reasonable request.

The systematics derives from [START_REF] Upham | Evolution of caviomorph rodents: a complete phylogeny and timetree for living genera[END_REF], Boivin et al. (2019b), and[START_REF] Courcelle | Digging for the spiny rat and hutia phylogeny using a gene capture approach, with the description of a new mammal subfamily[END_REF] (and cited references therein) *Corresponds to the extant and extinct taxa, for which synonymy was made, based on Woods (199 3), Candela (2000), Candela and Nasif (2006), Vucetich et al. (2010), [START_REF] Patton | Mammals of South America[END_REF], Rasia (2016), and Rasia and Candela (2016)