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Vertebrate teeth are highly mineralized dermal tissues composed, principally, of bioapatite making them highly resistant to physical and chemical alteration over geologic time scales. This means that the morphology and microstructure of fossil teeth is often preserved, providing diagnostic features for taxonomic classification and enabling inferences about phylogenetic relationships. They also provide abundant information about the feeding ecology of fossil taxa, including diet, feeding behavior, local resource availability, habitat structure, and climate conditions. Tooth shape, tooth wear at different scales, dental chemistry and isotopic composition, as well as ingesta particles aggregated in dental calculus comprise important clues to reconstruct the feeding ecology of a fossil species. This special issue features 21 papers that address the use of dental proxies to infer diet and related ecological habits. Among them, a first paper compares post mortem damages on enamel surfaces with dietary-related tooth wear. Then, nine papers focus on in vivo or in vitro experimentation to test specific hypotheses. Authors address questions about taphonomic processes that may blur dietary or ecological signals, the biotic and abiotic sources of the dental wear, and the calibration of models linking diet composition to dental proxies. Eight papers explore links between dental proxies and ecology and behavior in real world contexts and focus on the study of living mammals in the wild at the individual and population scales. Among those latter studies, three integrate fossil case studies. The remaining papers address questions about niche partitioning, climate effects on local resources and their use, physiology, and the influence of diet on phenotypic selection in extinct species. As such, this special issue will stimulate further work on dental proxies and be of interest to a broad community of palaeoecologists.

Introduction

Vertebrates interact with their environment when feeding on plant or animal matter. Tracing the diet of a given species is therefore a challenge critical for reconstructing its ecology, especially for extinct or fossil taxa. Direct evidence of the diet, such as stomach contents, are rarely preserved in the fossil record. Therefore, vertebrate paleontologists mostly base dietary interpretations on the form and function of typically wellpreserved hard tissues such as bones and teeth. The latter are used for uptake and processing of ingesta in many different ways such as grasping, grazing, tearing, grinding, milling and more. This is especially true for mammals which experienced multiple radiations in conjunction with, if not driven by, dental shape evolution. For instance heterodont dentitions with multi-cusped tooth crowns are a key innovation, enabling chewing and thus more efficient food processing and nutrient uptake [START_REF] Ungar | Mammal Teeth: Origin, Evolution, and Diversity[END_REF]. Based on functional interpretations, paleontologists identify plausible underlying mechanisms driving evolution and propose environmental reconstructions; these may constrain climate models because the food resources of primary consumers are directly impacted by climate. For instance, hypsodont cheek teeth represent an adaptation to grazing for extinct rodents and ungulates such as horses (e.g., [START_REF] Rensberger | Function in the cheek tooth evolution of some hypsodont geomyoid rodents[END_REF][START_REF] Kaiser | Hypsodonty and tooth facet development in relation to diet and habitat in herbivorous ungulates: implications for understanding tooth wear[END_REF]. Consequently, the variation in relative abundances of taxa with hypsodont, mesodont, or brachyodont dentition especially among the guild of herbivorous mammals are used as a proxy to infer changes in tree cover and, by extension, in precipitation over time and space (e.g., [START_REF] Fortelius | Fossil mammals resolve regional patterns of Eurasian climate change over 20 million years[END_REF]. However, highly hypsodont ungulates such as the chamois may integrate less grass in their diet than other species like the red deer with mesodont teeth [START_REF] Gebert | Variations of diet of red deer (Cervus elaphus L.) in Europe[END_REF][START_REF] Azorit | Seasonal and specific diet variations in sympatric red and fallow deer of southern Spain: a preliminary approach to feeding behaviour[END_REF][START_REF] Marchand | Are mouflon Ovis gmelini musimon really grazers? A review of variation in diet composition[END_REF][START_REF] Redjadj | Intraand interspecific differences in diet quality and composition in a large herbivore community[END_REF]. Furthermore, thick enamel on primate molars is interpreted as an adaptation to forage on hard seeds or tubers (e.g., [START_REF] Grine | Enamel thickness and development in Australopithecus and Paranthropus[END_REF][START_REF] Hlusko | Genetics and the evolution of primates enamel thickness: a baboon model[END_REF]. However, the thick molar enamel of the robust hominin Paranthropus has been equally interpreted as an adaptation to crack hard seeds [START_REF] Wood | Patterns of resource use in early Homo and Paranthropus[END_REF] or as an adaptation to compensate tooth wear due to tough silica-bearing plants [START_REF] Rabenold | Abrasive, silica phytoliths and the evolution of thick molar enamel in primates, with implications for the diet of Paranthropus boisei[END_REF]. Subsequent interpretations regarding the effects of climate changes on human evolution cannot even begin if hypotheses about the functions of dental traits remains unresolved.

To surmount these limitations, paleontologists have used and developed approaches including combinations of taxon-free tools such as dental microwear texture analysis [START_REF] Ungar | Quantification of dental microwear by tandem scanning confocal microscopy and scale-sensitive fractal analyses[END_REF][START_REF] Scott | Dental microwear texture analysis shows within-species diet variability in fossil hominins[END_REF][START_REF] Schulz | Feeding ecology and chewing mechanics in hoofed mammals: 3D tribology of enamel wear[END_REF][START_REF] Calandra | Dental microwear texture analysis in mammalian ecology: DMTA in ecology[END_REF][START_REF] Ramdarshan | Overcoming sampling issues in dental tribology: Insights from an experimentation on sheep[END_REF][START_REF] Martin | Dietary niches of terrestrial cercopithecines from the Plio-Pleistocene Shungura Formation, Ethiopia: evidence from Dental Microwear Texture Analysis[END_REF][START_REF] Teaford | Changing perspectives on early hominin diets[END_REF], stable isotope analyses (DeNiro andEpstein, 1978, 1981;[START_REF] Longinelli | Oxygen isotopes in mammal bone phosphate: A new tool for palaeohydrological and palaeoclimatological research?[END_REF][START_REF] Minagawa | Stepwise enrichment of 15 N along food chains: further evidence and the relation between δ 15 N and animal age[END_REF][START_REF] Cerling | Dietary and environmental reconstruction with stable isotope analyses of herbivore tooth enamel from the Miocene locality of Fort Ternan, Kenya[END_REF][START_REF] Cerling | Carbon isotope fractionation between diet and bioapatite in ungulate mammals and implications for ecological and paleoecological studies[END_REF][START_REF] Skulan | Calcium isotope fractionation between soft and mineralized tissues as a monitor of calcium use in vertebrates[END_REF][START_REF] Heuser | Calcium isotopes in fossil bones and teeth-Diagenetic versus biogenic origin[END_REF][START_REF] Jaouen | Iron, copper and zinc isotopic fractionation up mammal trophic chains[END_REF][START_REF] Bourgon | Zinc isotopes in Late Pleistocene fossil teeth from a Southeast Asian cave setting preserve paleodietary information[END_REF]Martin et al., 2018;[START_REF] Leichliter | Nitrogen isotopes in tooth enamel record diet and trophic level enrichment: Results from a controlled feeding experiment[END_REF]Leichliter et al., , 2022;;[START_REF] Mccormack | Trophic position of Otodus megalodon and great white sharks through time revealed by zinc isotopes[END_REF], and trace element analyses [START_REF] Toots | Strontium in fossil bones and the reconstruction of food chains[END_REF][START_REF] Sillen | Trace element and isotopic aspects of predator-prey relationships in terrestrial foodwebs[END_REF][START_REF] Burton | Correlation of bone Ba/Ca and Sr/Ca due to biological purification of calcium[END_REF] to test hypotheses regarding past climate conditions, ecology, physiology, function or dietary behavior of extinct species. In the example of Paranthropus referenced above, dental microwear texture analysis excludes the consumption of hard items while enamel carbon isotopes attest to a diet derived most exclusively from C4 plants, likely herbaceous monocots, i.e. grasses, rushes or sedges, in its diet [START_REF] Cerling | Diet of Paranthropus boisei in the early Pleistocene of East Africa[END_REF][START_REF] Ungar | The Diets of Early Hominins[END_REF]. Paleontologists have integrated controlled animal feeding experiments and models based on modern faunal communities with well-described life history and dietary traits to calibrate those dietary proxies. Pioneering dental wear studies include the experimental works piloted by Mark Teaford and colleagues on captive monkeys with sessions of in vivo dental molding that permit assessment of tooth wear depending on food [START_REF] Teaford | In vivo and in vitro turnover in dental microwear[END_REF]. Also, Alan Walker and collaborators were the first to explore the effects of silica concentration in diet on tooth wear among sympatric wild populations in two species of hyraxes [START_REF] Walker | Microwear of mammalian teeth as an indicator of diet[END_REF]. Although practiced for decades now, such studies are essential to calibrate and refine the relationship between ecological traits and measurements on dental tissues. This special issue "Understanding dental proxies of ancient diets" presents the most up-to-date research testing hypotheses with either experimental approaches or study of modern communities with known ecological traits. Some of these papers were presented at a special symposium "Experimental approaches in palaeontology: new data from old fossils" that took place in Paris July 2018 in the framework of the 5 th International Palaeontological Congress. From that symposium emerged the idea for a synthesis presenting the most recent research demonstrating the benefit of experimentation and the study of modern communities to interpret the feeding ecology of fossil vertebrates from past ecosystems. Initially the final publication was set for May 2020 but then Covid pandemic hit and delayed the process and the last paper of that issue was only accepted in early 2022. Thus, now it is time to place the last stone. Overall, this special issue comprises 21 papers (Table 1) that deal with different aspects of dietary reconstructions making it a great state-of-the-art contribution to the understanding and the use of dental proxies.

Dietary proxy or post mortem artefacts?

The very first question to be resolved for a paleontologist is whether the fossil tooth still yields an in vivo-determined dietary or a post mortem and taphonomically altered signal. Several studies have experimentally assessed the main factors altering the isotopic composition in dental hard tissues as well as surface wear features of teeth in aqueous sedimentary settings (Weber et al., 2021a, this VSI, Weber et al., 2022). In dental tribology, several studies have also questioned whether a given scar is derived from food/tooth and tooth/tooth contact or from post mortem erosion due to chemical solution or even friction with sedimentary particles?

In this special issue, two studies, with K. Weber as first author of both, attempt to resolve that question. While the first one compares ante-mortem and experimentally produced post mortem wear on dental surfaces (Weber et al., 2021a, this VSI), the second study (Weber et al., 2021b, this VSI) entitled "The Good, the Bad and the Ugly -A Visual Guide for Common Post-Mortem Wear Patterns in Vertebrate Teeth" provides a visual guide of common post mortem altered surfaces with a wink to the Sergio Leone' movie. One could question the benefits of observer-based assessment as automatic 3D surface analyses have progressed much during the last decade. Actually, this approach has value as experimentally produced post mortem surface textures can sometimes not be discriminated from dietary wear-derived textures based purely on surface texture parameters. This is a point the first study face as the authors conclude that the high values of dental texture complexity and roughness on fossil shark teeth might reveal either different feeding habits of extant sharks or -much more likely -reflect the result of post mortem alteration during transport processes. This was experimentally confirmed as similar wear features were induced by tumbling modern shark teeth in siliciclastic sand-water mixtures (Weber et al., 2021a, this VSI). In the same way, just as it is sometimes difficult to recognize who is the good guys in the Sergio Leone historical fresco, these two papers highlight the difficulty in identifying post mortem alteration at the first (macro or micro) glance. A careful look is required and a first catalogue is provided of how bad and ugly surface textures may appear.

Do dental proxies reflect diet?

With respect to enamel carbon stable isotopes, several colleagues have found that diet [START_REF] Deniro | Influence of diet on the distribution of carbon isotopes in animals[END_REF][START_REF] Cerling | Carbon isotope fractionation between diet and bioapatite in ungulate mammals and implications for ecological and paleoecological studies[END_REF][START_REF] Passey | Carbon isotope fractionation between diet, breath CO2, and bioapatite in different mammals[END_REF] and, to a lesser extent, habitat structure (Van der [START_REF] Van Der Merwe | The canopy effect, carbon isotope ratios and foodwebs in Amazonia[END_REF][START_REF] Cerling | Dietary and environmental reconstruction with stable isotope analyses of herbivore tooth enamel from the Miocene locality of Fort Ternan, Kenya[END_REF][START_REF] Drucker | Can carbon-13 in large herbivores reflect the canopy effect in temperate and boreal ecosystems? Evidence from modern and ancient ungulates[END_REF][START_REF] Bonafini | Investigation of the 'canopy effect'in the isotope ecology of temperate woodlands[END_REF] contribute to the values recorded in enamel. In dental tribology, the relative contribution of diet versus habitat is similarly an important question. Does dental microwear texture reflect diet and mechanics of mastication? To what extent does grit or even fine siliciclastic particles from mineral dust or soil ingested alongside with food contribute to tooth wear? Can these exogenous particles even be the main drivers of tooth wear and thus the main force of natural selection on dental phenotypes such as hypsodonty?

In this special issue, the role of exogenous particles in dental microwear etiology is analyzed through studies based on controlled feeding experiments but also on wild communities of mammals. In the first case, several lots of goats were fed for six months with different diet types including a fraction of sand-sized grit in some of them (Schulz-Kornas et al., 2020, this VSI). On the other hand, different groups of rabbits were also fed with the same different diets again loaded with silt-to sand-sized grits for some of these groups (Martin et al., 2020, this VSI). Results showed that diet and exogenous particles both affect enamel surfaces which partly contradicts earlier experimental studies in slightly different settings. Indeed, based on an experimentation of 40 ewes over a 2 month period, [START_REF] Merceron | Untangling the environmental from the dietary: dust does not matter[END_REF] had found out that although loads of silt/fine sand-sized quartz particles in diet contribute to tooth wear, it did not blur the significant differences due to differences in the dietary bolus (see discussion in Schulz-Kornas et al., 2020, this VSI;and Martin et al., 2020, this VSI; see also Hatt et al., 2020, this VSI).

Other points to consider are particle size, their densities in the dietary bolus, the duration over which animals consume food loaded with grit and dust, but also the type of food itself. Indeed, Teaford et al. (2021, this VSI) show here that depending on the mechanical properties (brittle biscuits versus ductile gummies) of the food in which external abrasives are incorporated, captive capuchin monkeys behave differently during food processing. They avoid brittle food with large grained external abrasives as such food items require more chewing and force to be comminuted, implying more contacts between teeth and external abrasives. This study shows how behavior and feeding preferences affect dietary composition, and thus dental proxies in general and tooth wear in particular.

When exploring the effects of exogenous particles on tooth wear, the taxonomic status of the species must also be considered. Ruminants differ from other herbivorous ungulates as they have acquired along their phylogenetic history a critical set of specific gastro-intestinal adaptations with forestomach chambers playing a major role in digestion through a process of bacteria-driven hydrolysis of cellulose. Such digestive organs also help sieve food before regurgitation. Following-up on study in other species, a new study conducted on sheep is presented here. The authors confirm that the forestomach plays a key role in separating grit from food by gravity settling, but specify that the smallest particles (silt and fine sand size), pass through this sieving process (Hatt et al., 2020, this VSI). They confirm recent studies attesting that small silicate particles mimic the wear of silica phytoliths (Winkler et al., 2020b).

The effects of grit or dust on tooth wear can also be studied in wild species known to ingest soil particles. Moles are good candidates. These small predators spend most of their life beneath the soil surface and eat a wide spectrum of invertebrates including a large number of earthworms among other species. While eating them, they unavoidably ingest soil particles as their prey's gastro-intestinal tract contains soil particles. In this volume, Adams et al. (2020, this VSI) do not find any sort of relations between concentration of soil particles and dental microwear texture parameters as they were comparing tooth wear with silica contents in both soil and stomach content. They even point out that the dental microwear texture of these earthworm-eating moles resemble those of insectivorous bats (i.e. grit-free insect soft tissue feeding), a mammal whose lifestyle prevents them from ingesting much dust and grit while eating. The authors conclude that dental microwear texture is mostly controlled by food material properties.

Calibrating dental proxies

What kind of information do chemical dental proxies offer? Many studies have shown that isotope compositions of dental tissues record during mineralization information about the environment, water, climate (seasonality), and habitat use as well as the diet of vertebrates (e.g., [START_REF] Longinelli | Oxygen isotopes in mammal bone phosphate: A new tool for palaeohydrological and palaeoclimatological research?[END_REF][START_REF] Ericson | Strontium isotope characterization in the study of prehistoric human ecology[END_REF][START_REF] Fricke | Intra-tooth variations in δ 18 O (PO4) of mammalian tooth enamel as a record of seasonal variations in continental climate variables[END_REF][START_REF] Cerling | Carbon isotope fractionation between diet and bioapatite in ungulate mammals and implications for ecological and paleoecological studies[END_REF][START_REF] Passey | Tooth enamel mineralization in ungulates: Implications for recovering a primary isotopic time-series[END_REF][START_REF] Langlois | Box-modeling of bone and tooth phosphate oxygen isotope composotions as a function of environmental and physiological parameters[END_REF][START_REF] Passey | Carbon isotope fractionation between diet, breath CO2, and bioapatite in different mammals[END_REF][START_REF] Bentley | Strontium isotopes from the earth to the archaeological skeleton: a review[END_REF][START_REF] Koch | Isotopic study of the biology of modern and fossil vertebrates[END_REF][START_REF] Martin | Non-traditional isotope perspectives in vertebrate palaeobiology[END_REF][START_REF] Tacail | New frontiers in calcium stable isotope geochemistry: perspectives in present and past vertebrate biology[END_REF]Leichliter et al. accepted). Regarding dental microwear, pioneering works have suggested that time windows to create wear signals vary between months, weeks and even days depending on food properties (e.g., [START_REF] Teaford | In vivo and in vitro turnover in dental microwear[END_REF][START_REF] Teaford | Seasonal or ecological differences in diet and molar microwear in Cebus nigrivittatus[END_REF]. However, so far, no study has assessed the time windows required to form a diet-related dental mesowear signal. In this special issue, two papers address this knowledge gap.

First, Ackermans and colleagues explore dental mesowear turnover thanks to an experiment in which 39 ewes were fed with pellets containing two different concentrations of three distinct sized external abrasives (Ackermans et al., 2020, this VSI). Dental mesowear was scored on each specimen at different times over the 17months duration of the experiment thanks to several sessions of in vivo dental molding. The authors discovered that temporal variation in tooth wear can be observed, but statistically speaking is non-significant across samples of individuals fed different diets. Such results would suggest that dental mesowear is indeed a long period dietary proxy that is challenging in terms of tracking seasonal variations in diet. However, the authors confess that the use of standardized pelleted diet may explain this low discrimination between different diet groups.

Winkler and colleagues set up a new experiment with 72 rats fed with standard pellets with or without silt-sized siliciclastic external abrasives (i.e. loess) (Winkler et al., 2020a, this VSI). At a given moment, diets were switched -meaning one group received a less abrasive diet than its former diet while the other rats were fed a more abrasive diet. The authors found out that the new diet needed 2 to 3 weeks after the diet-switch to be imprinted on the enamel surface depending on specific dietary composition. This supports pioneering works, indeed. Furthermore, this study pinpoints a gross timeframe needed to significantly change microwear textures on an enamel surface that is consistent with a dental proxy that can track seasonal variations in diet in wild mammal communities.

Another study in this special issue is fully dedicated to experimental settings (Louail et al., 2021, this VSI). Louail and collaborators test the tooth wear effects of diets including different types and amounts of seeds.

Here the species model is the omnivorous pig as the scientific hypothesis of the authors is based on the (paleo-)dietary habits of primates whose low crowned and bunodont molars broadly resemble those of suids. The authors selected seeds differing in both size and hardness. They conclude that dietary discrimination is more efficient when the texture surface analysis is conducted on both shearing and crushing dental facets. In addition, the authors found out that their new protocol including sub-surface analysis is more efficient at differentiating dental microwear textures. Indeed, the most-discriminant texture variables are not always a single value extracted from a given surface but rather a variable describing its variation or heterogeneity over the surface.

If the former study has pinpointed the importance of assessing each kind of dental facet, Thiery and Sha (2020, this VSI) point out that the mode of comminution of foods along the full dental arch is an essential consideration. This study conducted on captive capuchins in a zoo aimed to identify the role of molars in cracking seeds. In the course of feeding trials, the contribution of molars to seed processing was low (only 5.5%) meaning that most seed shells are opened without the use of molars. One may then surmise that selective pressures of hard seed predation might be actually more important on premolars and the anterior dentition. The question follows then, whether dental proxies, and here notably tooth wear analysis along the dental arch, can detect such seed predation? This requires further testing.

Into the wild

All of the above-mentioned experimental studies provide knowledge of the relations between food composition and food properties with dental proxies in and on dental tissues. This gives paleontologists the keys to better interpret dental proxies and their variation. However, if experimental settings are needed to target some questions raised by paleontologists, experimentation still cannot reproduce natural conditions. Indeed, wild conditions include between-individual physiological differences due to sex, age, competition and health conditions as well as a wide spectrum of food items with different mechanical properties depending on individual development, targeted organs, species, and environmental conditions (e.g., hydrologic stress for instance). Studying well-known populations of extant species provides a means to test feeding hypotheses in realistic natural environments.

The first paper using wild populations addresses the question: how might we interpret variations in dental proxies for a given species over different regions? Berlioz and colleagues aim to answer this question by focusing on the continental-scale range of a single species occupying different habitats and having access to different types of vegetal resources (Berlioz et al., 2022, this VSI). They choose the largest European ruminant: the moose, Alces alces. As a large-bodied browsing species, this cervid forages on nutrient-rich fresh dicot leaves (soft items) to nutrient-poor and lignified tissues, requiring much more mastication movements to extract energy. With nearly 200 individuals from six populations spread across northern latitudes in Europe, [START_REF] Berlioz | Dental microwear foraging ecology of a large browsing ruminant in Northern Hemisphere: The European moose (Alces alces)[END_REF]this VSI) show how much the dental microwear texture parameters vary from the Scandinavian taiga to the marshland of the Biebrza National Park, Poland. This study provides paleontologists an example of the broad expected range of dental wear parameter values for a large, non-selective browser in a temperate humid setting.

While the former paper explores continental scale variations in tooth wear, Merceron and colleagues work at more local scale. They considered a well-studied community of four sympatric ruminants from an Alpine environment. This sample mimics a potential taphocoenosis, as these ruminants exploit different habitats from mountainous uplands to the river along which they all might be found following post mortem displacements (Merceron et al., 2021a, this VSI). While the enamel carbon isotope composition along their tooth crown traces the seasonal use of habitats, the dental microwear textures provide insights into the quantities of leafy versus hard, lignified tissues in their diet during the last few weeks before their death. In addition, inter-and intraindividual variations in texture complexity appear to reflect social behavior. For instance, the roe deer has a dietary composition impacted by its solitary behavior, its small home range, and the spatial heterogeneities of food resources. Moreover, the large home range of the red deer make its preferred food resources more available and its gregarious behavior tend to reduce inter-individual differences. Oxygen isotope compositions, especially those of the bovid species mirror the values found in local meteoric waters when treated within an appropriate reverse model (Merceron et al., 2021a, this VSI), reflecting drinking water sources as well as seasonality.

Robinet and colleagues also look at local scale variations in dental proxies on wild-caught specimens of two sympatric extant species of caviomorph rodents captured in French Guiana (Robinet et al., 2022, this VSI). While the low sample size per locality and per species could be viewed as a handicap, it has the merit of mimicking conditions encountered by paleontologists in many taphocoenoses. Notably, the authors did find significant differences in texture parameters by species, sex, and season, as well as between localities along a 1.5 km transect with significant tree cover alteration due to anthropic activities. This provides another new example on how dental proxies may vary at intra-and inter-specific scales.

Uno and colleagues go further as they work on dental proxies at the scale of an individual (Uno et al., 2020, this VSI). Their study tracks variations in both oxygen and carbon isotope composition on the tusk of an elephant that was tracked over five years using a GPS collar. This study first provides information on tusk growth rate. It also shows that the tusk records seasonal changes in carbon isotope composition reflecting seasonal balance from a pure C3 to a mixed C3-C4 diet. Furthermore, variations in oxygen isotope composition along tusk reflect water sources and notably the ratio between meteoritic water and plant-derived water varies around the year. Such studies on ever-growing teeth of large animals with a long lifespan and large home range provide a long-term record of food and water intake for an individual and hence a decade-scale and regional-scale climate record offering wide opportunities for application to the fossil record (e.g., [START_REF] Wooller | Lifetime mobility of an Arctic woolly mammoth[END_REF].

Dental proxies -a toolbox to reconstruct past feeding ecology

The above-mentioned studies, conducted on either experimental or wild animals, help to model variations in dental proxies useable when interpreting the fossil record. The seven following studies actually extract dental proxies on extinct species to study their feeding habits, environmental conditions, and physiology.

One of the most popular phenomena in evolution is insularity, mostly because it can result in severe phenotypic changes such as those seen with dwarf elephants on a Mediterranean island or flightless birds like the dodo. Here Kubo and Fujita (2021, this VSI) investigate the dietary adaptations of a dwarf deer that lived on small Japanese islands during the Pleistocene. The authors first set up a model based on extant sika deer spread from South to North in Japan for which the proportion of monocots in the dietary bolus is correlated with dental microwear texture roughness. Once inserted into that model, the extinct populations of dwarf deer do not plot with the most browsing populations of extant deer as previously assumed but with the populations of extant sika deer engaged in grazing. Such plastic feeding preferences might have been a key adaptation in insular habitats where variations in resources may have severe consequences on species survival and on phenotypic selection.

Merceron and colleagues explore niche partitioning among extinct species of cercopithecids from the Shungura Formation, Omo River valley, southern Ethiopia via dental microwear (Merceron et al., 2021b, this VSI). This study is based on an innovative analytical method based on surface subsampling and automatic identification of discriminative texture variables on crushing/grinding and shearing molar facets. The authors first applied the method on wild caught specimens belonging to four extant species of Ethiopian monkeys encompassing the whole dietary spectrum to serve as comparative models. Once applied to extinct samples, it allows exploration of interspecific differences in diet, but also the apparent effects of climate changes during Plio-Pleistocene times on the dietary habits of the most open habitat dwelling theropithecins as well as on the two supposedly most forest dependent ones, two now extinct species of large bodied colobines.

For a few years now, calcium isotope composition of bone and dental tissues have received much attention and they reflect both feeding preferences and trophic level. However, Hassler et al. (2021, this VSI) report several conflicting cases for cervids exemplified by unexpected values found for a reindeer from a Pleistocene site in France. The authors thus assess the different factors controlling fractionation and thus calcium isotope composition on both dental and bone tissues using an extant dataset of red deer with known sex, age, and date of death where all were sampled during the very same hunting season in the Bauges Natural Regional Park, Alps, France. The main outcome is the significant effect of lactation on bone Ca isotope composition. Surprisingly, both gestation and antlerogenesis have smaller effects. The enamel microsampling along the molar crown gives clues to variations in Ca isotope composition pinpointing the period during which lactation and thus change in calcium isotope fractionation occurs.

Rancho La Brea is always music to paleontologist ears. This world-famous fossil lagerstätte in California has provided a unique fossil record from the Late Pleistocene onwards. Here, Cohen et al. (2021, this VSI) explore ecological partitioning among large herbivorous mammals and dietary changes through time. They based their analysis on dental mesowear for which recent experiments published in that special issue (Ackermans et al., 2020, this VSI) have proven that mesowear reflects the average diet of a long, year to life time period. The authors find that at La Brea the horse was a strict grazer while bison and camels were mixed feeders. The authors find also little change in the feeding habits of taxa through time, raising many questions and emphasizing the importance of adopting a multi-proxy analysis to further differentiate niche partitioning and habitat use. This conclusion of the former paper is the reason why Curran and colleagues have proposed to study the ecology of herbivorous mammals from the Early Pleistocene of Romania using different complementary proxies. Indeed, experimental studies or analysis on wild extant specimens have shown that dental proxies reflect different time intervals with dental microwear reflecting a short time compared to other approaches. Curran et al. (2021, this VSI) combine here dental microwear texture analysis and molar mesowear scoring together with carbon and oxygen enamel isotope analysis. A key finding is that dental microwear texture suggests grazing habits which is, however, not supported by dental mesowear for some of the ruminants. Additionally, the enamel carbon isotope composition attests the consumption of C3 plants. The authors suggest that those C3 plants might be grasses, known to be less abrasive than C4 grasses. This might explain the apparent discrepancies between different dietary proxies.

Whereas studies mentioned above are mostly based on either dental wear analysis or enamel stable isotope composition or used a combined approach, the last contribution (Virk and Gobetz, 2021, this VSI) to this special issue reconstructs feeding habits of extinct relatives of present-day horses based on the botanical analysis of their dental calculus. Such deposits of ingested plant matter on non-occlusal dental facets retain debris of plant tissues including phytoliths as well as pollen. It therefore provides information on the most abundant vegetal resources consumed by extant or extinct animals. The authors found that North American Merychippus were still browsing although these equids acquired lophodonty and developed hypsodonty, because all analyzed dental calculus contains 19 to 28% woody microfossils. Nevertheless, all individuals have dental calculus with at least 45% of phytoliths derived from C3 grasses.

Concluding remarks

This special issue provides a state-of-the-art overview of how dental wear and isotope proxies can be applied to reconstruct diet and other ecological traits of extinct species in the field of palaeontology and archaeology. For reliable reconstructions of paleodiet and feeding ecology a thorough understanding of complex in vivo processes is required. The relationship of these processes and dental proxies is illuminated in several case studies. Both controlled laboratory experiments and analysis of teeth from wild populations of known ecology and feeding habits are the key to ground truth and validate dental proxies. Although enamel is the hardest biological tissue, post-mortem processes can alter its chemical and physical properties, which may potentially bias reliable ecological and environmental reconstructions. Therefore, it is critical to assess experimentally and empirically the robusticity of dental proxies against taphonomic alteration and to identify indicators of confounding post mortem modifications of dental wear features or chemistry. Experimental approaches to investigate the preservation of original diet-induced dental surface wear are provided as well as a catalogue of taphonomically altered surfaces. Biogenic tissues apart, exogenous mineral abrasives contribute in some ways to tooth wear. Their roles are often not considered or even ignored, mostly because their quantitative effects are not assessed. We may expect higher contribution of eolian dust particles to tooth wear in arid habitats and of grit for species foraging on the ground. Several papers in this special issue based on experimental approaches or based on samples of wild caught specimen aim to assess the role of such particles depending on their size, nature and density in the dietary bolus.

Although several experimental studies in this special issue confirm the correlation between diet and dental proxies, well-characterized samples of wild caught animals are essential for more robust interpretations of fossil samples. Indeed, many studies make too definitive conclusions concerning dietary habits, niche partitioning, and environmental reconstructions based on too few specimens. Teeth from modern wild individuals with known provenance and season of death, but also age, sex, as well as spatial and social behaviors, clearly show that variations in dental proxies among and within fossil samples should be interpreted with caution. The fact that each dental proxy reflects different durations (from weeks to years) and different ontogenetic periods of the life from the pre-weaning period to the few weeks before death of an individual requires care in the interpretation of inter-and intra-sample variation in fossil samples. Finally, one of the most important outcomes here is the demonstrated benefit of combining different dental proxies to refine paleoecological studies. All of the contributions to this special issue demonstrate the value of different dental proxies to infer diet and other ecological traits of extant and extinct species and the benefit of combining them. Finally, the experimental approaches applied showcase here the great extent to which experimentation can inform and refine our understanding of the diet and feeding ecology both of extant and extinct wild animal taxa.

Agency for Research (DIET-Scratches Project, ANR-17-CE27-0002-02; PI: G. Merceron) and from the Nouvelle-Aquitaine region, France (ALIHOM project n•210389; PI: G. Merceron).

Acknowledgements

As guest editors, we are grateful to the editors that have helped us along this (so long) process and all of the reviewers that have contributed to improve the quality of each of these manuscripts and this special issue as a whole.

TT received funding from the European Research Council under the European Union's Horizon 2020 research and innovation program grant agreement no. 681450 (PI: T. Tütken). GM received funding from the French

Table 1 The list of the 21 studies comprising this VSI on Understanding dental proxies of ancient diet highlighting the topic, the taxa studied as model, the types of approach and methodology used, and the major findings. Feeding experiments on capuchin monkeys shows that external abrasives have different impacts depending on grit size but also material properties of the food. Also, capuchins avoid biscuits laced with large grained abrasives.

Papers

Hatt et al., 2020

The role of rumination in reducing the effects of external abrasives on dental tissue

Sheep Experimentation Anatomical dissection

The digestive adaptations of the ruminants allows them to wash food before comminuting food.

Results show here that this adapation is not as efficient as for the finest external particles compared to grit and sand ones. Variations in both  13 C and   O along hair and tusks of extant elephants track seasonal changes in diet and thus in variations in vegetation and rainfalls around the year. Dental microwear texture analysis depicts extinct and insular sika deer as mixed feeders and possibly grazers when compared with extant deer samples distributed along a latitudinal transect in Japan.