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The evolution of the crocodyliforms through the K-Pg crisis has often been evaluated, but each time, the crocodyliforms were considered as forming a homogeneous group. I considered here, the evolution of two longirostrine taxa from the Campanian to the Thanetian: tethysuchians and gavialoids. The gavialoids are almost restricted to Laurasian continents, where tethysuchians form most of the Gondwanan fauna. This segregation can be compared with climatic distribution: tethysuchians are restricted to hot climatic areas, where gavialoids are restricted to a northern, warm temperate climatic belt from where tethysuchians were almost excluded. This suggests that gavialoids were more tolerant of cooler climates than tethysuchians. The tethysuchians could have been excluded from the European continent by the existence of a cool European oceanic current, whilst on the contrary, the presence of a protogulfstream along north-east American coast could have allowed the presence of some tethysuchians in marine realm in this area. Both gavialoids and tethysuchians strongly diversified after the K-Pg crisis, particularly on Gondwanan continents, and mostly with tethysuchian species. Most of these tethysuchians were non-marine during the Maastrichtian, and the number of marine species strongly increases after the K-Pg crisis, whilst the number of non-marine ones remains nearly constant. This rise of marine diversity compared to non-marine forms is congruent with previous hypotheses suggesting that the crocodyliforms did not suffer from the K-Pg crisis, but on the contrary, benefited from the extinction of large marine reptiles to diversify after the crisis mainly in this environment. So, if the history of the crocodyliforms on the whole is important, the evolution of each group should be considered separately, as their evolution could be influenced by regional environmental conditions and factors.

Introduction

The Late Cretaceous-Paleogene is a period of strong faunal turnover, with the extinction of numerous clades of large vertebrae such as dinosaurs on continents and large marine reptiles in the seas. It has been stated that the Cretaceous/Paleogene crisis affected the marine and terrestrial crocodyliform diversity differently [START_REF] Bronzati | Diversification events and the effects of mass extinctions on Crocodyliformes evolutionary history[END_REF][START_REF] Mannion | Climate constrains the evolutionary history and biodiversity of crocodylians[END_REF][START_REF] Puértolas-Pascual | Review of the Late Cretaceous-early Paleogene crocodylomorphs of Europe: Extinction patterns across the K-PG boundary[END_REF]. Marine crocodyliforms were poorly affected by the crisis [START_REF] Brochu | Phylogenetic approaches toward crocodylian history[END_REF][START_REF] Bronzati | Diversification events and the effects of mass extinctions on Crocodyliformes evolutionary history[END_REF], or seemed to benefit from the extinction of other marine reptiles at the K-Pg boundary (Jouve et al., 2008b(Jouve et al., , 2008a)). Diversity analyses [START_REF] De Celis | Spatiotemporal palaeodiversity patterns of modern crocodiles (Crocodyliformes: Eusuchia)[END_REF][START_REF] Mannion | Climate constrains the evolutionary history and biodiversity of crocodylians[END_REF][START_REF] Martin | Sea surface temperature contributes to marine crocodylomorph evolution[END_REF][START_REF] Solórzano | Biotic and abiotic factors driving the diversification dynamics of Crocodylia[END_REF], even if they should be considered with caution due to the number of possible biases, also highlight a rapid radiation of surviving crocodyliform groups, in particular those of the dyrosaurids, in the Early Paleocene.

Until now, the diversity analyses considered geographic disparities (Sόlorzano et al., 2019), or the evolution of several clades such as eusuchians (De Celis et al., 2019), but few considered the ecological niches using snout shape proxy [START_REF] Wilberg | Investigating patterns of crocodyliform cranial disparity through the Mesozoic and Cenozoic[END_REF]. Here, I propose to evaluate and compare the evolution of longirostrine crocodyliforms throughout the K-Pg crisis. Two longirostrine clades crossed the crisis: tethysuchians and gavialoids. The first is formed by two distinct groups, pholidosaurids and dyrosauroids. Pholidosaurids were supposed extinct, at the end of the Cenomanian until recently, but newly described and reinterpreted remains of others suggest they survived to the Danian, and thus crossed the K-Pg boundary (Fig. 1). However, they remain scarce at the end of the Cretaceous and beginning of the Paleogene [START_REF] Jouve | Paleocene resurrection of a crocodylomorph taxon: Biotic crises, climatic and sea level fluctuations[END_REF]. The dyrosauroids appeared during the Early Cretaceous, and are little known during this period and most of the Late Cretaceous, but they diversified during the Maastrichtian with the dyrosaurids, and in particular during the Paleogene. They became extinct later during the Eocene (e.g. [START_REF] Buffetaut | Radiation évolutive, paléoécologie et biogéographie des crocodiliens mésosuchiens[END_REF][START_REF] Jouve | Etude des Crocodyliformes fini Crétacé-Paléogène du Bassin des Oulad Abdoun (Maroc) et comparaison avec les faunes africaines contemporaines: systématique, phylogénie et paléobiogéographie[END_REF]. Gavialoidea is the unique longirostrine crocodylian group known from the Late Cretaceous. They appeared during the Late Cretaceous and diversified during this period (Fig. 2). Gavialis gangeticus is the unique living gavialoid species, even if their affinities are still debated (see below). Both tethysuchians and gavialoids are well known, and are present through the Late Cretaceous and Early Paleogene, and their shared narrow longirostrine morphology and similar tooth shape suggest they occupied close ecological niches. Only their geographic distribution is different, gavialoids being mainly present in northern hemisphere (e.g. [START_REF] Brochu | Phylogenetic approaches toward crocodylian history[END_REF] (Fig. 2), when dyrosaurids are, with some exceptions, a southern and Gondwanan taxon (e.g. [START_REF] Barbosa | New dyrosaurid crocodylomorph and evidences for faunal turnrover at the K-P transition in Brazil[END_REF][START_REF] Jouve | Etude des Crocodyliformes fini Crétacé-Paléogène du Bassin des Oulad Abdoun (Maroc) et comparaison avec les faunes africaines contemporaines: systématique, phylogénie et paléobiogéographie[END_REF]Jouve et al., 2020Jouve et al., , 2008b)) (Fig. 1). The comparison between the evolution of both groups through the crisis and between continents could provide information on the general pattern of evolution of longirostrine crocodyliforms and on the potential consequences of the crisis on their evolution and spatial distribution. While dyrosaurids are well distributed, they are completely absent from Europe whereas they are well diversified in close area such as in North Africa. This geographic segregation is also questioned herein.

The sampling of the studied groups does not allow complex statistical analyses. Thus, the present work does not claim to propose definitive results, but to clarify and update our knowledge on the considered groups, and to evaluate with this cleaned data the indication on their evolution and history through space and time. It modestly provides some clues and directions for future researches.

Material and Methods

Paleobiogeographic distribution

The evolution of the longirostrine crocodyliforms throughout the Maastrichtian-Paleocene is evaluated according to their spatial distribution. The distribution of their record and the number of identified species (Appendix 1 of Supplementary data) are thus reported on paleogeographic maps [START_REF] Markwick | Palaeo-digital elevation models for use as boundary conditions in coupled ocean-atmosphere GCM experiments: a Maastrichtian (late Cretaceous) example[END_REF], and compared with climatic latitudinal distribution and paleocurrents [START_REF] Puceat | Neodymium isotope evolution of NW Tethyan upper ocean waters throughout the Cretaceous[END_REF][START_REF] Boucot | Phanerozoic Paleoclimate: An Atlas of Lithologic Indicators of Climate[END_REF] (Fig. 3).

Diversity curves

Paleogeography

The distribution of the longirostrine crocodyliformes strongly varies geographically, with a strong distribution of the dyrosaurids mainly in Gondwanan continents (e.g. [START_REF] Barbosa | New dyrosaurid crocodylomorph and evidences for faunal turnrover at the K-P transition in Brazil[END_REF][START_REF] Jouve | Etude des Crocodyliformes fini Crétacé-Paléogène du Bassin des Oulad Abdoun (Maroc) et comparaison avec les faunes africaines contemporaines: systématique, phylogénie et paléobiogéographie[END_REF]Jouve et al., 2020Jouve et al., , 2008b)) (Fig. 1) when gavialoids are mainly Laurasian (e.g. [START_REF] Brochu | Phylogenetic approaches toward crocodylian history[END_REF] (Fig. 2). The evolution of the diversity is thus also studied between both area, with the diversity count considered in two geographic area: Laurasian (North Tethys area), and Gondwana (South Tethys area). This is also the opportunity to test the biases of the geographical records [START_REF] Gardner | Early tetrapodomorph biogeography: Controlling for fossil record bias in macroevolutionary analyses[END_REF], the quality of the fossil sampling being different between North and South hemisphere.

Time and stratigraphic bins

The diversity dynamic of the longirostrine crocodyliforms between Late Cretaceous and Paleocene has been evaluated and compared, including new taxonomical considerations on some taxa (Jouve et al., 2020;[START_REF] Jouve | Paleocene resurrection of a crocodylomorph taxon: Biotic crises, climatic and sea level fluctuations[END_REF])(Appendices 1-3 of Supplementary data). The sampling is particularly poor in some continents, and numerous data must be improved and completed to provide a clear pattern in the distribution of the longirostrine crocodyliforms through Late Cretaceous-Early Paleogene times. To evaluate the evolution more precisely, I used narrow time bins, but this implies a lower sample, and thus does not allow the use of classical statistical methods. So, I conducted simple analyses in the present preliminary work, pending stronger data to conduct more complex statistical analyses, such as a new Maastrichtian South American sampling and aging, and giving a precise age for the Paleocene West African and Saudi Arabian faunas (see below). This kind of analysis is strongly biased by the quality of the original data. Nevertheless, different corrections that help to minimize the biases introduced by the variability in the fossil record have been proposed for establishing diversity patterns across time (e.g. [START_REF] Lloyd | Taxonomic Structure of the Fossil Record is Shaped by Sampling Bias[END_REF][START_REF] Benton | The first half of tetrapod evolution, sampling proxies, and fossil record quality[END_REF][START_REF] Rook | Contrasting patterns and connections of rock and biotic diversity in the marine and nonmarine fossil records of North America[END_REF], but most of them have been strongly criticized and discouraged [START_REF] Brocklehurst | A simulation-based examination of residual diversity estimates as a method of correcting for sampling bias[END_REF][START_REF] Sakamoto | Residual diversity estimates' do not correct for sampling bias in palaeodiversity data[END_REF][START_REF] Dunhill | On formation-based sampling proxies and why they should not be used to correct the fossil record[END_REF][START_REF] De Celis | Spatiotemporal palaeodiversity patterns of modern crocodiles (Crocodyliformes: Eusuchia)[END_REF].

The Shareholder Quorum Subsampling method [START_REF] Alroy | The Shifting Balance of Diversity Among Major Marine Animal Groups[END_REF] seems to be more performant that all previously used method to consider the sampling biases. Unfortunately, the number of taxa is too low to use this method.

Brocklehurst, 2015 demonstrated that the best method to estimate diversity with low sampling was the Phylogenetic Diversity Estimate (PDE)(see below). 

Taxonomical background

The crucial importance of taxonomical work in diversity studies to provide reliable results has been pointed out [START_REF] Jouve | Biases in the study of relationships between biodiversity dynamics and fluctuation of environmental conditions[END_REF]. Both gavialoids and dyrosaurids benefited from recent taxonomical review, and potential taxonomical biases are consequently considered as limited.

Nevertheless, according to the phylogenetic analyses, the fossil record is not complete and several ghost lineages are present in both clades (Figs.

1, 2). In order to limit their impact, I considered the unidentified species in the count of species (Appendix 2 of Supplementary data).

All Campanian to Thanetian localities bearing marine longirostrine crocodyliforms have been listed first (Appendix 4 of Supplementary data), even when the remains are identified at the family level only. Late Cretaceous and Early Paleogene longirostrine crocodyliforms are often known by poorly preserved and unidentified remains (Appendices 1 and 2 of Supplementary data). For several stages, only indeterminate crocodyliform remains are present; therefore, using only the clearly identified species could strongly bias the analyses of their distribution (Fig. 4). This procedure does not mix different taxonomic levels. A specimen attributed to Dyrosauridae indet. or Hyposaurus sp., even if it has not been attributed to a species, biologically pertains to a species which the name has not been established (too poor remains, waiting for complete study and description, only mandibular remains…), but the species exists.

I considered and included only indeterminate remains when they bear characters clearly suggesting a different species compared to that is known (see below), or if no other species is known in the same time interval. If they are not included only because they have not been formally named, the number of Campanian tethysuchians species is 0, when the existence of at least 4 different species have been clearly stated (Fig. 4). So, the exclusion of indeterminate (or more really unnamed species), could strongly underestimates the observed diversity, just due to human bias. This is based on morphology and anatomical criterions. It is true that the levels of names seem to have been mixed, not the biological level, as only different species are included. They are assigned to a particular species (different from others), not to a particular name. The objective is to evaluate the biological diversity, not the name diversity.

One of the limitation to using phylogenetic diversity estimates is their sensitivity to changes in phylogenetic hypotheses and the selective inclusion of well-known taxa [START_REF] Lane | Estimating paleodiversities: a test of the taxic and phylogenetic methods[END_REF][START_REF] Tennant | The Jurassic/Cretaceous boundary: a hidden mass extinction in tetrapods?[END_REF]. So, a dataset including these unidentified (or unattributed to a species name) specimen has been tested.

As the distribution of each observed species is restricted to a unique continent, I also have considered in the same dataset these indeterminate remains as a different species in the diversity counts. I considered that an isolated dyrosaurid skeleton in India (even not more precisely identified that Dyrosauridae indet.) attests the presence of a dyrosaurid species in this continent (Fig. 4). As no dyrosaurid and gavialoid species has a transcontinental distribution (Figs. 1,2), I hypothetized that the Indian dyrosaurid remains are representative of a different species than those found in other continents. This allows one to consider in the analysis the presence of tethysuchians and gavialoids in a continent where no identifiable remains at specific or generic levels have been found so far, in particular, the Indian continent (Appendix 3 of supplementary data).

Contrarily, when identifiable species were present on one given continent, the indeterminate remains observed on the same continent were not considered as a different species, even if they were from a different formation, except when morphological characters allow to distinguish them (see below; Appendix 3 of Supplementary data). This procedure was considered independently on each continent: unidentified remains present on two different continents have been considered as different species.

The taxonomical status of several Late Cretaceous tethysuchians is still unclear. A Cenomanian symphysis has been first tentatively attributed to a possible dyrosaurids [START_REF] Buffetaut | Un crocodilien d'un type particulier dans le Cénomanien de Nazaré (Portugal)[END_REF], but later to an eusuchian (Mateus et al., 2019a). Isolated teeth from Portugal have been attributed to the gavialoid Thoracosaurus [START_REF] Jonet | Contribution à l'étude des Vertébrés du Crétacé portugais et specialement du Cénomanien de l'Estremadure[END_REF], and a clear eusuchian vertebra has been found in the same layer as the supposed dyrosaurid mandibular fragment [START_REF] Callapez | Fossil assemblages and palaeoenvironments in the Cenomanian vertebrate site of Nazaré (West Central Portugal)[END_REF]. The mandibular fragment clearly stated the presence of a longirostrine form, and the vertebra the presence of an eusuchian. It cannot be excluded that both pertain to the same species, and the mandibular fragment could thus be from a gavialoid, and not a tethysuchian. The relationships between these longirostrine remains and Portugalosuchus azenhae Mateus et al., 2019b from the same age and region should be more deeply investigated. So, due to its unclear identification, it is not considered herein.

The Campanian species Aigialosuchus villandensis Persson, 1959 from Sweden has also been included. Its phylogenetic affinities have been questioned, and it has been alternatively and tentatively attributed to Gavialoidea [START_REF] Puértolas-Pascual | Review of the Late Cretaceous-early Paleogene crocodylomorphs of Europe: Extinction patterns across the K-PG boundary[END_REF], indeterminate Eusuchia (Brochu, 1997a;[START_REF] Schwarz-Wings | A new eusuchian (Crocodylia) tooth from the Early or Middle Paleocene, with a description of the Early-Middle Paleocene boundary succession at Gemmas Allé, Copenhagen, Denmark[END_REF], and Dyrosauridae [START_REF] Källsten | Diversity and Ecology of a Middle Campanian (Late Cretaceous) Marine Reptile Assemblage from Skåne, Southern Sweden[END_REF][START_REF] Kear | An introduction to the Mesozoic biotas of Scandinavia and its Arctic territories[END_REF]. The nasals that reach the posterior margin of the external nares suggests that A. villandensis is not a gavialoid [START_REF] Martin | Recent advances on the comprehension of the biogeography of Cretaceous European eusuchians[END_REF], as do the variation in size of the posterior maxillary teeth, the wavy ventral margin of the maxilla, the anterodorsal orientation of the external nares, the slightly spatulate anterior portion of the mandible and the massive and blunt teeth. On the contrary, these characters are found in basal tethysuchians such as in Elosuchus cherifiensis Lapparent de Broin 2002, even if the shape of the premaxilla differs. Also, the long dentary symphysis, extending more posteriorly than the seventh dentary tooth, suggests a longirostrine crocodyliform. These morphological observations, as the age of the specimen, suggest and allow to me to tentatively consider this species as a putative dyrosauroid, and to include it as such in the diversity analysis. Of course, a complete redescription of the type specimen is necessary to provide a definitive attribution.

Some other Campanian remains are also problematic as most of them are known from fragmentary remains. As suggested by Jouve et al. (2020), the Campanian material described alternatively as dyrosaurid and gavialoid [START_REF] Churcher | Giant Cretaceous lungfish Neoceratodus tuberculatus from a deltaic environment in the Quseir (= Baris) Formation of Kharga Oasis, western desert of Egypt[END_REF][START_REF] Churcher | Terrestrial vertebrates from Campanian strata in Wadi El-Gedid (Kharga and Dakhleg Oases), Western desert of Egypt[END_REF][START_REF] Lamanna | From dinosaurs to dyrosaurids (Crocodyliformes): removal of the post-Cenomanian (Late Cretaceous) record of Ornithischia from Africa[END_REF][START_REF] Sallam | Vertebrate paleontological exploration of the Upper Cretaceous succession in the Dakhla and Kharga Oases, Western Desert, Egypt[END_REF]) could be at least in part considered as Dyrosauroidea indet. and closely related to Elosuchus (Jouve et al., 2020).

From the same age, several other African fragmentary remains have been also attributed to dyrosaurids such as undescribed Kenyan remains [START_REF] Sertich | Rift valley dinosaurs: a new Late Cretaceous vertebrate fauna from Kenya[END_REF] and Sudanese cranial fragments [START_REF] Buffetaut | A new nonmarine vertebrate fauna in the Upper Cretaceous of northern Sudan[END_REF], and more precisely attributed to hyposaurin dyrosaurids for Sudanese mandibular and cranial remains [START_REF] Salih | First record of Hyposaurus (Dyrosauridae, Crocodyliformes) from the Upper Cretaceous Shendi Formation of Sudan[END_REF]. The Sudanese material could definitely be attributed to two different species (Hyposaurinae indet. and Dyrosauridae indet., Fig. 1). The material from the Shendi Formation [START_REF] Salih | First record of Hyposaurus (Dyrosauridae, Crocodyliformes) from the Upper Cretaceous Shendi Formation of Sudan[END_REF] with a slender snout, homodont dentition and narrow interfenestral bar, could be related to a possible hyposaurins (Jouve et al., 2020). It differs from the material from the Wadi Milk Formation [START_REF] Buffetaut | A new nonmarine vertebrate fauna in the Upper Cretaceous of northern Sudan[END_REF], represented by several skull fragments, in having narrow interfenestral bar. The length of the supratemporal fenestra suggests that the Wadi Milk species is more closely related to basal dyrosaurids than to basal dyrosauroids such as Elosuchus.

Phylogenetic background

As I focussed the discussion on the comparison of the evolution of the crocodyliform diversity into two paleogeographic bioprovinces, phylogenetic corrections were difficult to conduct, and have been proposed separately (Appendix 5 of Supplementary data). Both groups considered are present in both paleobioprovinces, and it was difficult to evaluate on which continent the ghost lineages were present. I thus considered the most parsimonious geographic distribution, with the migration as most recent as possible for ghost lineages (Figs. 1,2). I used the phylogenetic result proposed by [START_REF] Salas-Gismondi | New Miocene Caribbean gavialoids and patterns of longirostry in crocodylians[END_REF] for gavialoids, adding Ocepesuchus eoafricanum in the tree (Fig. 2), and [START_REF] Jouve | Paleocene resurrection of a crocodylomorph taxon: Biotic crises, climatic and sea level fluctuations[END_REF] and Jouve et al. (2020) for tethysuchians (Fig. 1).

The polytomies are resolved to minimize the length of the ghost lineages when the taxa included in these polytomies were from different stratigraphic levels.

In a second dataset, the indeterminate species have been included.

Only well preserved taxa are included in phylogenetic analyses, and thus in phylogenetic diversity estimates. This conducts to underestimate the diversity and introduces biases in the analysis [START_REF] Lane | Estimating paleodiversities: a test of the taxic and phylogenetic methods[END_REF][START_REF] Tennant | The Jurassic/Cretaceous boundary: a hidden mass extinction in tetrapods?[END_REF]. An empirical test suggests that diversity count including the species not included in the phylogenetic analyses is always less underestimated and closer to the diversity estimated with all phylogenetic hypotheses including this species than the diversity count excluding species not included in phylogeny (Fig. 5; Appendix 6 of Supplementary Data). This dataset will allow to test the impact of considering only species included in phylogenetic analyses on diversity estimate. In this dataset, the indeterminate species are excluded from the count for a continent where the phylogenetic tree suggests the presence of a ghost lineage (transparent taxa, Fig. 1), considering the possibility that the indeterminate taxa could be the ghost taxa (Appendix 5 of Supplementary data).

The sampling used in the present analysis is low, and could be thus sensitive to changes in phylogenetic analyses, one of the limitation of using the phylogenetic diversity estimates [START_REF] Lane | Estimating paleodiversities: a test of the taxic and phylogenetic methods[END_REF][START_REF] Tennant | The Jurassic/Cretaceous boundary: a hidden mass extinction in tetrapods?[END_REF]. This is particularly true for low sampling. To evaluate the robustness of the analysis and compare the results, I tested several datasets as suggested in previous works [START_REF] Brocklehurst | A simulation-based examination of residual diversity estimates as a method of correcting for sampling bias[END_REF][START_REF] Dunhill | On formation-based sampling proxies and why they should not be used to correct the fossil record[END_REF]. To test the impact of recent discoveries on diversity curves [START_REF] Jouve | Biases in the study of relationships between biodiversity dynamics and fluctuation of environmental conditions[END_REF], I constructed the same curves excluding recently described new or reattributed species from Bolivia (Jouve et al., 2020), Paleocene pholidosaurid remains from Morocco [START_REF] Jouve | Paleocene resurrection of a crocodylomorph taxon: Biotic crises, climatic and sea level fluctuations[END_REF], and the species Aigialosuchus villandensis herein tentatively considered as a tethysuchian (Appendix 4 of Supplementary data). Five occurrences are thus excluded in this dataset (Appendices 7, 8 of Supplementary data). Also, the phylogenetic relationships of the gavialoids with other eusuchians is still strongly debated between molecular and morphological analyses (e.g. [START_REF] Brochu | Phylogenetic approaches toward crocodylian history[END_REF][START_REF] Brochu | Phylogenetics, taxonomy, and historical biogeography of Alligatoroidea[END_REF]Brochu, , 1997b;;[START_REF] Gatesy | Combined support for wholesale taxic atavism in gavialine crocodylians[END_REF]. To reconcile both views, it has been suggested that Cretaceous-Paleocene fossil species considered as gavialoids in morphological analyses are, in fact, basal eusuchians (thoracosaurins), and only the post-Eocene forms could be real gavialoids, much more derived in the crocodylian tree [START_REF] Gatesy | Combined support for wholesale taxic atavism in gavialine crocodylians[END_REF][START_REF] Lee | Tip-dating and homoplasy: reconciling the shallow molecular divergences of modern gharials with their long fossil record[END_REF]. So, I also consider this possibility in the phylogenetic corrections, considering the most derived gavialoids (gryposuchins and Asian gavialoids) as being more closely related to tomistomines, excluded from the phylogenetic corrections, and considering only the thoracosaurins in another dataset (Appendix 9 of Supplementary data).

In summary, to evaluate the evolution of longirostrine crocodyliform Off course, the low sampling must be considered to evaluate the reliability of the present analyses. This will be taken into account in the conclusions, but the diversity count is based on a clear and strong taxonomical background.

Paleoenvironments

Previous works suggests the possibility that the evolution of tethysuchian diversity, and in particular that of dyrosaurids (Jouve et al., 2008b(Jouve et al., , 2020)), could be correlated with the presence or absence of other large marine reptile groups such as mosasaurs and plesiosaurs. To evaluate this hypothesis, the distribution of the tethysuchians has also been tested according to their paleoenvironmental distribution. Two environments have been thus considered: marine and non-marine (Appendix 10 of Supplementary data). For several species or fossiliferous localities, it is difficult to evaluate from which environment the remains come. MHNM-kh01, an indeterminate pholidosaurid, comes undoubtedly from marine sediments ("couche 2b", Danian, Oulad Abdoun Basin; Jouve and Jalil, 2020). Nevertheless, while hundreds of dyrosaurid remains are known from the same layer, the described pholidosaurid specimen is unique [START_REF] Jouve | Paleocene resurrection of a crocodylomorph taxon: Biotic crises, climatic and sea level fluctuations[END_REF]. I thus considered the Danian Moroccan MHNM-kh01 as brought by a river in marine sediments, as is the case for several mammal remains found in the same fields [START_REF] Bardet | Les vertébrés des phosphates Crétacés-Paléogènes (72,1-47,8 Ma) du Maroc[END_REF].

A different issue exists for Maastrichtian Malian remains described from the Ménaka Formation [START_REF] Hill | Dyrosaurid (Crocodyliformes: Mesoeucrocodylia) fossil from the Upper Cretaceous and Paleogene of Mali: implications for phylogeny and survivorship across the K/T boundary[END_REF][START_REF] O'leary | Stratigraphy and Paleobiology of the Upper Cretaceous-Lower Paleogene Sediments from the Trans-Saharan Seaway in Mali[END_REF]. They come from the Iullemmeden Basin where numerous mosasaurs have been described from Niger and Nigeria [START_REF] Bardet | Maastrichtian marine reptiles of the Mediterranean Tethys: a palaeobiogeographical approach[END_REF][START_REF] Lingham-Soliar | A new mosasaur Pluridens walkeri from the Upper Cretaceous, Maastrichtian of the Iullemmeden Basin, southwest Niger[END_REF][START_REF] Lingham-Soliar | Mosasaurs from the Upper Cretaceous of Niger[END_REF]. In Mali, the facies of the sediments in which the fossils were found, a phosphate conglomerate, suggests a shallow marine to brackish environment [START_REF] Hill | Dyrosaurid (Crocodyliformes: Mesoeucrocodylia) fossil from the Upper Cretaceous and Paleogene of Mali: implications for phylogeny and survivorship across the K/T boundary[END_REF][START_REF] O'leary | Stratigraphy and Paleobiology of the Upper Cretaceous-Lower Paleogene Sediments from the Trans-Saharan Seaway in Mali[END_REF]. On the contrary, the total absence of large marine reptiles such as mosasaurs or plesiosaurs, while they are particularly numerous in other parts of the Iullemmeden basin, suggests a more brackish environment, or at least a peculiar marine environment from which large marine squamate reptiles were excluded. The same observation is true for equivalent Nigerien fauna. (Jouve et al., 2008a). A crocodyliform scarcity is also observed in Syria and Jordan phosphatic basins [START_REF] Bardet | Marine reptiles from the Late Cretaceous Phosphates of Jordan: palaeobiogeographical implications[END_REF][START_REF] Bardet | Maastrichtian marine reptiles of the Mediterranean Tethys: a palaeobiogeographical approach[END_REF]. The same is true for the only specimen, Sokotosuchus ianwilsoni from the Maastrichtian in Nigeria, which is also the only known Maastrichtian Nigerian crocodyliform. So, considering the paleoenvironmental distribution of tethysuchians, Maastrichtian Malian, Nigerian, and Nigerien species probably come from non-marine environments. All these remains have been alternatively considered as marine in a second analysis (Appendix 11 of Supplementary data).

The proportion of marine and non-marine dyrosaurids has also been evaluated (Appendix 12 of Supplementary data).

Results

Paleogeographic distribution

The geographic distribution of tethysuchians and gavialoids strongly differs. During the Maastrichtian, while the gavialoids are widely distributed in Laurasian continents and in South America, they are almost absent from India and Africa (Fig. 3A). On the latter continent, only one species (Jouve et al., 2008a), represented by a unique specimen, is recorded in the northwestern most part of Africa. Though well known in Africa, on the contrary, tethysuchians are poorly known in North and South America, and are completely absent from Europe.

During the Danian, gavialoids are absent from South America, with only one species being present in the Gondwanan continents, in the northwestern most part of Africa as during the Maastrichtian (Jouve et al., 2006a)(Fig. 3B).

A clear geographical segregation of longirostrine crocodyliforms was set up during the Maastrichtian-Paleocene period with two paleogeographical bioprovinces: the Northern Tethys province corresponding to former Laurasia (North America, Europe, and Asia), with several gavialoids, and only two tethysuchian species, and the southern Tethys margin province (South America, Africa, and Indian continent), corresponding to former Gondwana, with numerous tethysuchians, and only two gavialoids [START_REF] Jouve | Etude des Crocodyliformes fini Crétacé-Paléogène du Bassin des Oulad Abdoun (Maroc) et comparaison avec les faunes africaines contemporaines: systématique, phylogénie et paléobiogéographie[END_REF][START_REF] Hill | Dyrosaurid (Crocodyliformes: Mesoeucrocodylia) fossil from the Upper Cretaceous and Paleogene of Mali: implications for phylogeny and survivorship across the K/T boundary[END_REF][START_REF] Hastings | A new blunt-snouted dyrosaurid, Anthracosuchus balrogus gen. et sp. nov. (Crocodylomorpha, Mesoeucrocodylia), from the Palaeocene of Colombia[END_REF]Jouve et al., 2008aJouve et al., , 2008bJouve et al., , 2020;;[START_REF] Jouve | Paleocene resurrection of a crocodylomorph taxon: Biotic crises, climatic and sea level fluctuations[END_REF] (Fig. 3; Appendix 1 of Supplementary data). The same geographical segregation with north and south Tethys paleobioprovinces is observed in other marine reptiles during the Maastrichtian, and is interpreted as possibly related to differences in paleoecological preferences linked to differences in paleolatitudinal gradients and/or paleocurrents [START_REF] Bardet | Maastrichtian marine reptiles of the Mediterranean Tethys: a palaeobiogeographical approach[END_REF]. Also, the latitudinal distribution differs between gavialoids and tethysuchians. When gavialoids are widely distributed during both Maastrichtian and Danian intervals in Laurasia, north to the 30°N, tethysuchians are almost restricted to intertropical area (Fig. 3). If they were present in Europe from the Late Jurassic to the early Campanian (Fig. 1), they are completely absent from this continent after that (Fig. 1).

Only the presence of North American dyrosaurids is the exception northern to the 30°.

Late Cretaceous -Paleocene evolution

The evolution of the longirostrine crocodyliform diversity throughout the Late Cretaceous-Paleocene varies according to the corrections applied to the dataset. Using raw data, the curves show an increase of diversity from Campanian to Selandian-Thantian (Fig. 6C) in tethysuchians and Gondwanan continent (Fig. 6A,B). This is strongly biased by the high number of Maastrichtian geological Formations (24) compared to those available for other stratigraphic levels (9 Campanian, 14 Danian, 12 Selandian-Thanetian) (Appendix 4 of Supplementary data), but also to the differences between Laurasian (15 Maastrichtian Formations) and Gondwanan (9 Maastrichtian Formations) provinces. The phylogenetic corrections of this dataset strongly impact the shape of the diversity curves (Figs. to Spain, and it is probable that the gavialoid diversity was biased, underestimated for both these periods of time, questioning the reliability of the evaluation of the North Tethyian diversity. Moreover, the high Campanian and Maastrichtian diversity is clearly here the result of the overestimation of diversity in older time bins, related to the phylogenetic estimates only constructing backward-extending ghost lineages [START_REF] Tennant | The Jurassic/Cretaceous boundary: a hidden mass extinction in tetrapods?[END_REF]. Only two Campanian gavialoids are known, while the phylogenetic correction increases this number to 6.

When the phylogenetically corrected diversity includes the indeterminate remains, the diversity curves do not strongly vary in shape, but their magnitude strongly vary, being higher than when it is excluded (Fig. 8). The normalization with the time bin length does not change the curve shape except for the North Tethys area (Figs. 9). This is clearly related with the poor Laurasian sampling, in particular for the Danian, and the length of the Campanian, more than twice longer than the other time intervals, when most of the species from the interval are not more precisely dated than Campanian. The diversity is thus probably The exclusion of the recent remains has the strongest impact on the raw data compared to their impact on the other data sets (Figs. 6,8,9).

When the diversity is corrected with the phylogeny, the shape of the diversity curves remains close to that which is observed when the correction is considered (Figs. 8,9), and weakly impact on their possible interpretations. The shape of the curves is identical, with only the Paleocene diversity peak being weaker when the new remains are excluded.

When only the species included in phylogenetic are considered (indeterminate and species not included in phylogenies excluded), the shapes of the curves does not consistently differ from the version including the remains. If the shapes remain the same, the diversity is strongly underestimated when the remains are excluded (Fig. 7).

Excluding the most derived gavialoids (gryposuchines and derived Asian gavialoids) weakly impacts on the shape of the diversity curves (Appendix 14 of Supplementary data).

So, only the data corrected with phylogeny will be considered in the discussion (Fig. 8).

Paleoclimatic distribution

The distribution of the gavialoids and tethysuchians strongly differs and seems to be at least, in part, related to the climatic distribution. Most of the gavialoids are present in the north warm temperate and boreotropical climatic belts, with two species in South America and Morocco (Fig. 10). Contrary, tethysuchians are restricted to the area comprised between north and south 30°, in arid and tropical climatic areas. They are present north to the 30° only on the North American east coast, where a warm paleogulf stream exists, and they are completely absent from Europe where northern cooler currents are suggested (Fig. 11).

Late Cretaceous -Paleocene paleoenvironmental tethysuchian distribution

Most of the Late Jurassic-Late Cretaceous tethysuchians, are nonmarine forms, whereas most of the Paleocene ones lived in marine environments (Fig. 12). The evolution of the tethysuchians throughout the K-Pg crisis varies according to their environment. The corrected number of non-marine tethysuchian species increases slightly during the Late Cretaceous, as marine ones, but decreases slightly during the Danian and strongly during the Selandian-Thanetian (Fig. 13). On the contrary, marine tethysuchian diversity is much lower than non-marine diversity during the Late Cretaceous, but a high rise of the number of marine species occurs during the Danian, being constant and much higher than non-marine diversity during the Selandian-Thanetian (Figs. 13). The proportion of marine species compared to non-marine species is also nearly constant during the Campanian-Maastrichtian, and increases sharply during the Paleocene (Fig. 14). Considering the total tethysuchian diversity corrected with phylogeny from the Late Jurassic to the end of the Paleocene, these are mainly formed by non-Marine species (65.91%; Fig. 15A), whereas the marine forms slightly dominate when considering the fully corrected Campanian-Thanetian interval (53.45%; Fig. 15B). Nonmarine species represent most of the Campanian-Maastrichtian diversity (73.91%; Fig. 15C), but Marine species form most of the Paleocene one (71.43%; Fig. 15D). The proportion of marine forms increases from 26.67% during the Maastrichtian to 63.16% during the Danian (Appendix 10 of Supplementary Information). This suggests a clear difference in the presence of tethysuchians in marine realm between Cretaceous and Paleocene, with a striking diversification in the seas after the K-P crisis. This Early Paleocene marine diversification of tethysuchians is less brutal when the species found in marine environments, and those from uncertain origin (Malian, Nigerian and Nigerian species; Fig. 9) are considered as marine (Fig. 13).

Discussion

Paleobiogeography

Even if some tethysuchians and possible dyrosauroids were present in Europe during the late Early Cretaceous to the early Campanian (Fig. 1), the phylogenetic relationships suggest that the first dyrosaurid tethysuchians were African, and probably dated from the second part of the Late Cretaceous (Fig. 1;[START_REF] Jouve | Etude des Crocodyliformes fini Crétacé-Paléogène du Bassin des Oulad Abdoun (Maroc) et comparaison avec les faunes africaines contemporaines: systématique, phylogénie et paléobiogéographie[END_REF]Jouve et al., 2008b;Hastings et al., 2015;[START_REF] Jouve | Paleocene resurrection of a crocodylomorph taxon: Biotic crises, climatic and sea level fluctuations[END_REF]. The first clearly identified gavialoid remains were from North American Campanian (Fig. 2; Brochu, 2001a), but some Cenomanian remains from Portugal could be a gavialoid (see above). The difference in the geographical origin of dyrosaurids (Africa) and gavialoids (North America) explains the main diversification of each group on each hemisphere during the latest Cretaceous and earliest Paleocene (Fig. 3). The presence of a circumequatorial paleocurrent, due to the presence of the Tethys could have limited the dispersal between both paleoprovinces, Laurasia (North Tethys province) and Gondwana (South Tethys province)(Fig. 11). Nevertheless, at least during the Late Cretaceous, faunal exchanges still existed between the North and South Americas, with the presence of crocodylians in South America, the small gavialoid Dolichochampsa minima in the Late Cretaceous of Bolivia and Argentina [START_REF] Gasparini | Dolichochampsa minima, n. g. n. sp., a representative of a new family of eusuchian crocodiles from the Late Cretaceous of northern Argentina[END_REF]Jouve et al., 2020), and caimanins in the Paleocene of Argentina [START_REF] Bona | The Alligatoroidea of Argentina: an update of its fossil record[END_REF].

Gavialoids are also present in North Africa [START_REF] Hua | A primitive marine gavialoid from the Paleocene of Morocco[END_REF]Jouve et al., 2006aJouve et al., , 2008a) ) during Maastrichtian and Paleocene in spite of an intensified Tethyian surface current between Europe and Africa [START_REF] Puceat | Neodymium isotope evolution of NW Tethyan upper ocean waters throughout the Cretaceous[END_REF])(Fig. 8). So, if this current could have limited the crocodyliform exchanges between Northern (Laurasia) and Southern provinces (Gondwana), small sized crocodyliforms have crossed the Tethys to join Africa and dyrosaurids the Atlantic to North and South America (Fig. 3), why are the dyrosaurids absent from Europe when they are recognized as particularly adapted to marine life, and good swimmers [START_REF] Jouve | Etude des Crocodyliformes fini Crétacé-Paléogène du Bassin des Oulad Abdoun (Maroc) et comparaison avec les faunes africaines contemporaines: systématique, phylogénie et paléobiogéographie[END_REF]Jouve et al., 2006b;[START_REF] Schwarz-Wings | Reconstruction of the bracing system of the trunk and tail in hyposaurine dyrosaurids (Crocodylomorpha; Mesoeucrocodylia)[END_REF]? Gavialoids are nearly restricted to the northern part of the North hemisphere above the 30° (Fig. 3). Southern to this limit, few occurrences are noted and almost North America and Europe [START_REF] Efimov | On the fossil crocodiles of Mongolia and the USSR[END_REF][START_REF] Mulder | Thoracosaurine vertebrae (Crocodylia; Crocodylidae) from the Maastrichtian type area[END_REF][START_REF] Zarski | The first Polish find of Lower Paleocene crocodile Thoracosaurus Leidy, 1852: geological and palaeontological description[END_REF][START_REF] Storrs | Mesozoic crocodyliforms of north-central Eurasia[END_REF][START_REF] Laurent | Un crâne de Thoracosaurine (Crocodylia, Crocodylidae) dans le Maastrichtien supérieur du Sud de la France[END_REF][START_REF] Laurent | Late Maastrichtian continental vertebrates from southwestern France: correlation with marine fauna[END_REF][START_REF] Brochu | A new Late Cretaceous gavialoid crocodylian from Eastern North America and phylogenetic relationships of thoracosaurs[END_REF](Appendix 1 of Supplementary data). Dyrosaurids are largely distributed in South America, Africa, India and Pakistan during both periods, and in numerous North American localities at least during the Paleocene (e.g. [START_REF] Buffetaut | Les crocodiliens paléogènes du Tilemsi (Mali): un aperçu systématique[END_REF][START_REF] Barbosa | New dyrosaurid crocodylomorph and evidences for faunal turnrover at the K-P transition in Brazil[END_REF]Jouve et al., 2008b;[START_REF] Khosla | Dyrosaurid remains from the Intertrappean Beds of India and the Late Cretaceous distribution of Dyrosauridae[END_REF][START_REF] Denton | A revision of the crocodilian fauna of the upper Paleocene Aquia Formation of Virginia and Maryland, in: Abstract with Programs[END_REF]. Crocodyliforms are environmentally sensitive, and their distribution is strongly correlated with climatic constraints, driving their latitudinal distribution (Markwick, 1998a(Markwick, , 1998b;;[START_REF] Carvalho | Climate's role in the distribution of the Cretaceous terrestrial Crocodyliformes throughout Gondwana[END_REF][START_REF] Mannion | Climate constrains the evolutionary history and biodiversity of crocodylians[END_REF][START_REF] Jouve | Longirostrine crocodylians from the Bartonian of Morocco and Paleogene climatic and sea level oscillations in the Peri-Tethys area[END_REF][START_REF] Solórzano | Biotic and abiotic factors driving the diversification dynamics of Crocodylia[END_REF][START_REF] De Celis | Spatiotemporal palaeodiversity patterns of modern crocodiles (Crocodyliformes: Eusuchia)[END_REF]. Sea surface temperatures have also been suggested as a possible factor of crocodyliform evolution by [START_REF] Martin | Sea surface temperature contributes to marine crocodylomorph evolution[END_REF], but the reliability of this result has been strongly questioned [START_REF] Jouve | Biases in the study of relationships between biodiversity dynamics and fluctuation of environmental conditions[END_REF] The Late Cretaceous-Paleocene tethysuchians are often found in marine environments, and thus could also be sensitive to oceanic currents and their temperatures, as suggested by [START_REF] Martin | Sea surface temperature contributes to marine crocodylomorph evolution[END_REF]. The presence of a proto-Gulf Stream along the North American West Coast during the Maastrichtian and Paleocene, with a warmer current [START_REF] Watkins | Calcareous nannofossil evidence for the existence of the Gulf Stream during the late Maastrichtian[END_REF], could have been favourable to their presence in this area, maybe also during the Maastrichtian (Fig. 8). On the contrary, the presence of a cooler current from two marginal seas, the Greenland-Iceland-Norvegian Sea and the Labrador Sea that runs alongside the west European coast [START_REF] Puceat | Neodymium isotope evolution of NW Tethyan upper ocean waters throughout the Cretaceous[END_REF][START_REF] Hay | Cretaceous oceans and ocean modelling[END_REF][START_REF] Herman | Albian-Paleocene flora of the north pacific: Systematic composition, palaeofloristics and phytostratigraphy[END_REF], and probable warmer water between European islands, could have prevented the migration and presence of tethysuchians to European islands, even in boreotropical zones (Figs. 7,8). Gavialoids could have be present in Europe which aims to their better temperature tolerance. In warm temperate climatic zones, numerous other crocodylians have also been described such as Borealosuchus and Brachychampsa in North America, demonstrating a better tolerance of probably the whole of the crocodylians and, in particular, the tethysuchians and dyrosaurids. In intertropical zones, comparison between dyrosaurid and gavialoid distributions suggests that the strong Paleocene dyrosaurid diversification excluded gavialoids from this area, thus restricting their presence to warm temperate climatic zones. Solόrzano et al. (2019) suggested that the size of the warm temperate belt was a better driver for crocodylian speciation than direct temperature proxies. For gavialoids, at least during the end of the Cretaceous and early Paleogene, the competition with dyrosaurids in intertropical areas could have increased this evolutive relationships with the size of the warm temperate belt, to where they were almost restricted and dyrosaurids almost excluded. De Celis et al. ( 2020) also highlighted the strong heterogeneous spatial distribution of the crocodylians, and suggested that this difference could be related to the limited Gondwanan fossil record. At least for the present studied taxa and interval of time, the number of Formations bearing crocodyliforms between Gondwana and Laurasia is nearly equivalent (Maastrichtian), although higher in Gondwana (Danian, Selandian-Thanetian), and lower in Gondwana during the Campanian only (Appendices 3 and 10 of Supplementary Information).

The lower diversification on Laurasian continents compared to Gondwanan ones (Fig. 8D) could be also partly related to the relative size of the climatic area favourable to crocodyliforms respectively on each area, with most of the Gondwanan continents being in hot climatic areas, while only the southern part of the Laurasian continents were probably in favourable climatic areas. Moreover, the gavialoid distribution and their knowledge are particularly limited in Asia.

The Late Cretaceous-Paleocene heterogeneous distribution could have been related to the presence and competition with tethysuchians, as to differential climatic and current temperature sensitivity. More studies are necessary to test their impact after the Paleocene, but gavialoids became extinct in Africa at the end of the Danian, and are absent until the late Eocene, a period of time during which dyrosaurids flourished [START_REF] Bardet | Les vertébrés des phosphates Crétacés-Paléogènes (72,1-47,8 Ma) du Maroc[END_REF][START_REF] Bardet | Reptilian assemblage from the latest Cretaceous -paleogene phosphates of Morocco: Arambourg to present time[END_REF][START_REF] Jouve | Etude des Crocodyliformes fini Crétacé-Paléogène du Bassin des Oulad Abdoun (Maroc) et comparaison avec les faunes africaines contemporaines: systématique, phylogénie et paléobiogéographie[END_REF]. Crocodyliforms have been used to evaluate the spatial distribution of paleoclimates (Markwick 1998a, b;[START_REF] Mannion | Climate constrains the evolutionary history and biodiversity of crocodylians[END_REF], but the results presented herein suggest that the climatic limits of the crocodyliforms could differ according to the group. Such differences have been previously suggested within crocodylians [START_REF] Martin | A new species of Diplocynodon (Crocodylia, Alligatoroidea) from the Late Eocene of the Massif Central, France, and the evolution of the genus in the climatic context of the Late Palaeogene[END_REF][START_REF] Jouve | Longirostrine crocodylians from the Bartonian of Morocco and Paleogene climatic and sea level oscillations in the Peri-Tethys area[END_REF], a group restricted to extant taxa and their close relatives. Several environmental variables such as climate and oceanic currents as competition, can also influence this differential distribution. Such segregation with Laurasian and Gondwanan fauna also exists in mosasaurs [START_REF] Bardet | Maastrichtian marine reptiles of the Mediterranean Tethys: a palaeobiogeographical approach[END_REF], with possible same origins. This is hypothetical and should be off course more thoroughly investigated, but the spatial and temporal distribution of different crocodyliform assemblages could help to better define the paleoclimatic environments, as dyrosaurids seem to be more restricted to hot climates, and gavialoids much more tolerant to cooler climates.

Cretaceous-Paleogene crisis

Paleogeographic and taxonomic segregation

It has been stated that the Cretaceous/Paleogene crisis affected the marine and terrestrial crocodyliform diversity differently [START_REF] Bronzati | Diversification events and the effects of mass extinctions on Crocodyliformes evolutionary history[END_REF][START_REF] Mannion | Climate constrains the evolutionary history and biodiversity of crocodylians[END_REF][START_REF] Puértolas-Pascual | Review of the Late Cretaceous-early Paleogene crocodylomorphs of Europe: Extinction patterns across the K-PG boundary[END_REF]. Marine crocodyliforms were poorly affected by the crisis [START_REF] Brochu | Phylogenetic approaches toward crocodylian history[END_REF], or seemed to benefit from the extinction of other marine reptiles at the K-Pg boundary (Jouve et al., 2008a, b). Diversity analyses [START_REF] Martin | Sea surface temperature contributes to marine crocodylomorph evolution[END_REF][START_REF] Mannion | Climate constrains the evolutionary history and biodiversity of crocodylians[END_REF], even if they should be considered with caution [START_REF] Jouve | Biases in the study of relationships between biodiversity dynamics and fluctuation of environmental conditions[END_REF], also highlight a rapid radiation of surviving crocodyliform groups, eusuchians and dyrosaurids, in the early Paleocene.

The longirostrine crocodyliform diversity strongly increases at the end of the Cretaceous and after the K-Pg boundary (Figs. 8C).

Nevertheless, comparing the gavialoid and tethysuchian diversities through the Late Cretaceous-Paleogene boundary, the crocodyliform evolution seems to be complex, and a clear difference in the geographic and temporal distribution exists between both groups (Fig. 3). Gavialoid diversity remains nearly constant during the latest Cretaceous and Paleocene in North Tethyian province (Fig. 8A). When the whole of the gavialoids is considered, excluding geographical considerations (Fig. 8C), the gavialoid diversity slightly increases from the Maastrichtian to the Danian. The slight decrease of the Late Cretaceous diversity is also observed when the North Tethyian crocodyliforms (gavialoids + tethysuchians) are considered, as most of the longirostrine crocodyliform diversity in this area is formed by gavialoids (Fig. 8D). Due to poor North Tethyian Danian sampling, particularly in Europe with numerous unidentified gavialoids, and overestimated diversity of older time bins related to the PDE method (see above), it is possible that this stability was apparent. So, more investigation and effort in taxonomical revie of European gavialoids should be conducted. The tethysuchian and gavialoid diversity lower during the Maastrichtian compared to the Paleocene is not related to the lack of Maastrichtian formation bearing crocodyliforms, as the number of Maastrichtian formations is almost equal (24) to the number of Paleocene (Danian+Selandian-Thanetian) ones (26), and much higher than the number of Danian formations. Neither is it related to the length of the time bins, as Maastrichtian, Danian and Selandian-Tanetian are of nearly the same length. Moreover, the rise of the Paleocene diversity is higher when the time bins are normalised (Fig. 9). So, a clear difference exists between the evolution of gavialoids and tethysuchians, and in particular dyrosaurids, and is clearly related to the difference between the evolution of the North and South Tethyian crocodyliform fauna. Both groups begin to diversify during the Maastrichtian (Fig. 8C), with a different intensity, and tethysuchian diversification is mainly related to dyrosaurids in Gondwana (Fig. 8B). The dyrosaurid diversification began during the Maastrichtian and is the highest during the Danian (Fig. 8C). Here again, the overestimate of the diversity in oldest time bins due to PDE method (see above) could conceal a more brutal Paleocene diversification.

Cretaceous aquatic longirostrine crocodyliform remains are particularly scarce in South America, with only some fragments of possible dyrosaurids in Colombia and Bolivia, and the gavialoid Dolichochampsa minima in Argentina and Bolivia (Fig. 2) (Jouve et al., 2020). Dyrosaurids are more numerous and clearly identified in the Paleocene [START_REF] Barbosa | New dyrosaurid crocodylomorph and evidences for faunal turnrover at the K-P transition in Brazil[END_REF]Jouve et al., 2020). This seems to confirm their diversification after the K-Pg crisis on this continent, when gavialoids did not longer survive on this continent, maybe due to the concurrence and diversification of larger, slender snouted dyrosaurids. The opposite is observed for another eusuchian crocodylian group, the alligatoroids. They are absent in South America and diversified in North America during the Late Cretaceous, and well diversified on both continents during the Paleocene. Necrosuchus ionensis Simpson, 1937, Eocaiman palaeocenicus Bona, 2007, and Notocaiman stromeri Rusconi, 1937, from the Paleocene of Argentina [START_REF] Bona | The Alligatoroidea of Argentina: an update of its fossil record[END_REF]Brochu, 2001b), demonstrate the existence of faunal exchanges from North to South America as soon as the early Cenozoic, where they also diversified. In Paleocene basins where caimanins are absent, such as the Colombian and Bolivian basins, the blunt toothed morphology niche is occupied by dyrosaurids, respectively Anthracosuchus balrogus and Rodeosuchus machukiru. The same is true in the African Paleocene basins with Phosphatosaurus sp. in the Oulad Abdoun Basin in Morocco [START_REF] Jouve | Etude des Crocodyliformes fini Crétacé-Paléogène du Bassin des Oulad Abdoun (Maroc) et comparaison avec les faunes africaines contemporaines: systématique, phylogénie et paléobiogéographie[END_REF][START_REF] Bardet | Les vertébrés des phosphates Crétacés-Paléogènes (72,1-47,8 Ma) du Maroc[END_REF], and Taoudeni and Iullemmeden Basins in Mali and Niger [START_REF] Buffetaut | Sokotosuchus ianwilsoni and the evolution of the dyrosaurid crocodilians[END_REF][START_REF] Hill | Dyrosaurid (Crocodyliformes: Mesoeucrocodylia) fossil from the Upper Cretaceous and Paleogene of Mali: implications for phylogeny and survivorship across the K/T boundary[END_REF].

As stated above, most of the Gondwanan crocodyliforms are formed by tethysuchians, when most of the Laurasian species are gavialoids. Only two (maybe three) tethysuchian species are present in North America during the Late Cretaceous and Paleocene, whereas they are absent from both periods of time in Europe (Figs. 1,3). In South America, as in Africa, gavialoids are poorly diversified and distributed during the Maastrichtian and Paleocene, whereas tethysuchians, seem to have been widely distributed during the Maastrichtian, and diversified in situ during the Paleocene on these continents. No intercontinental exchange was noted during the Danian (Jouve et al., 2020)(Figs. 1).

The distribution of the longirostrine crocodyliform diversity on

Gondwanan continents is heterogeneous, and in particular during the Maastrichtian. Their diversity increases in the Danian and Selandian-Thanetian of Africa in relatively closed basins: Sokoto basin (Niger, Nigeria) and Oulad Abdoun Basin (Morocco)(e.g. [START_REF] Hill | Dyrosaurid (Crocodyliformes: Mesoeucrocodylia) fossil from the Upper Cretaceous and Paleogene of Mali: implications for phylogeny and survivorship across the K/T boundary[END_REF][START_REF] Jouve | Etude des Crocodyliformes fini Crétacé-Paléogène du Bassin des Oulad Abdoun (Maroc) et comparaison avec les faunes africaines contemporaines: systématique, phylogénie et paléobiogéographie[END_REF]Jouve et al., 2008bJouve et al., , 2008a;;[START_REF] O'leary | Stratigraphy and Paleobiology of the Upper Cretaceous-Lower Paleogene Sediments from the Trans-Saharan Seaway in Mali[END_REF]. The interpretation is difficult for Central Paleo-Andean Basin (Bolivia) as the Maastrichtian remains are scarce (Table 1; Appendix 13 of Supplementary data). The diversity remains nearly constant and poor in open seas such as in Angola, Europe, and Pernambuco Basin (Brazil) between Maastrichtian and Danian. In most of these basins, numerous mosasaurid remains have been found in the Maastrichtian levels when they were preserved (Sokoto Basin; Oulad Abdoun Basin, Angola, Pernambuco) (Table 1; Appendix 13 of Supplementary data; [START_REF] Bardet | Maastrichtian marine reptiles of the Mediterranean Tethys: a palaeobiogeographical approach[END_REF]. It has been suggested that the extinction of these large marine reptiles could have favoured the high diversification of the crocodyliforms during the Paleocene [START_REF] Jouve | Etude des Crocodyliformes fini Crétacé-Paléogène du Bassin des Oulad Abdoun (Maroc) et comparaison avec les faunes africaines contemporaines: systématique, phylogénie et paléobiogéographie[END_REF][START_REF] Barbosa | New dyrosaurid crocodylomorph and evidences for faunal turnrover at the K-P transition in Brazil[END_REF]Jouve et al., 2008a, b;[START_REF] Bardet | Les vertébrés des phosphates Crétacés-Paléogènes (72,1-47,8 Ma) du Maroc[END_REF]. This is not true in all basins. In Europe, Angola and Pernambuco basin, the marine crocodyliforms do not seem to have benefited from the extinction of other large marine reptiles, and the number of marine crocodyliform species remains low even during the Selandian-Thanetian (Table 1; Appendix 13 of Supplementary data). More efforts must be conducted in these localities to improve our knowledges on the crocodyliform fauna. On the contrary, the longirostrine crocodyliform diversity increases strongly in the Danian of the Oulad Abdoun Basins, and if the number of Danian species is unknown in Iullemeden and Sokoto Basins, the number of Selandian-Thanetian is high in both basins (Table 1; Appendix 13 of Supplementary data). It is possible that the closed basins have accumulated and preserved more nutrient input from weathering of continental rocks from land than the open sea where oceanic currents disperse them more easily. This could have favoured rich food chains and the high diversities of top predators such as mosasaurs during the Late Cretaceous, and crocodyliforms during the Paleocene. Correlation with the presence of upwelling should also be investigated. Their presence has been established in Oulad abdoun and Iullemeden basins with phosphorites, and such high diversity of large marine reptiles (ichthyosaurs, plesiosaurs, and mosasaurs) has been correlated with the presence of upwelling throughout the Mesozoic [START_REF] Montague-Judd | Paleo-upwelling and the distribution of Mesozoic marine reptiles[END_REF]. By contrast, the Pernambuco Basin is known for its phosphatic deposits, suggesting the presence of upwellings, but with the presence of numerous Maastrichtian mosasaurid species and only one Danian dyrosaurid. So, was the open sea less favourable to longirostrine crocodyliform diversification even after the extinction of other large marine reptiles? More investigation is required on this basin to evaluate precisely the crocodyliform fauna present therein.

In Laurasia the evolution of crocodyliforms differs between Europe and North-East American coast. In Europe, the Maastrichtian longirostrine crocodyliform diversity is weak where 11 mosasaurids and plesiosaurians are known, and their diversity remains constant but low during the Paleocene, as is observed in Gondwanan opened basins (Table 1;

Appendix 13 of Supplementary data). By contrast, the mosasauridsplesiosaurians diversity is high in North-East American coast, and the longirostrine crocodyliforms are present with 2 to 3 contemporaneous species, and the diversity increases during the Selandian-Thanetian. The Maastrichtian diversity is not congruent with that which is observed in other basins where mosasaurid and plesiosausian diversity is high. But, as discussed in Jouve et al. (2020), the stratigraphic origin of the North American Maastrichtian longirostrine crocodyliforms needs to be reexamined, as the Maastrichtian diversity could be lower than currently supposed. Moreover, could the warm temperate climate (as suggested by Solόrzano et al., 2019) and paleogulf stream be favourable to the gavialoids, particularly during the Paleocene?

Paleoenvironmental segregation

It must be noted that the marine crocodyliform species are absent, or nearly so where numerous mosasaurid species have been found (Table 1, Appendix 13 of Supplementary Data). This is evident in all basins considered herein, and in particular in Gondwanan continents. Moreover, some crocodyliform species found in marine environments could have had fresh water preferences, and their remains could have fresh-water input as origin, such as the gavialoid Ocepesuchus eoafricanus, or Sokotosuchus ianwilsoni, herein considered as non-marine species. Only one specimen is known for each of these species, when numerous mosasaurid remains have been found in the same layers. So, the number of marine species could be biased by taphonomic events, but only in a unique direction, an overestimation of the number of the marine species. Carcasses could have been brought to the marine real by rivers, not the reverse. The Maastrichtian mosasaurids and plesiosaurians are not strongly diversified in all basins. In the Central Paleo-Andean Basin no mosasaurid remains have been found in the Maastrichtian el Molino Formation of Bolivia [START_REF] Gayet | Middle Maastrichtian vertebrates (fishes, amphibians, dinosaurs and others reptiles, mammals) from Pajcha Pata (Bolivia). Biostratigraphic, palaeoecologic and palaeobiogeographic implications[END_REF], even if marine influences have been demonstrated in the basin. Large reptilian predators have been signalled in this formation with poorly preserved crocodyliforms. Did differences in continental influence, and particularly fresh water input, restrict the presence of mosasaurs? The absence of clear presence of tethysuchians and mosasaurs in Malian basin also supports a possible continental influence there. It could be noted that most of the basal Early Cretaceous to Campanian dyrosauroids as Maastrichtian dyrosauroids, originates from non-marine environments (Fig. 12). An inverse interpretation has been proposed in [START_REF] Wilberg | Evolutionary structure and timing of major habitat shifts in Crocodylomorpha[END_REF], probably due to a lower number of species included in the phylogenetic analysis. Mosasaurs are particularly scarce in fresh-water environments, whilst dyrosaurids, are also found in non-marine formations (e.g. [START_REF] Buffetaut | A dyrosaurid (Crocodylia, Mesosuchia) from the Upper Eocene of Burma[END_REF][START_REF] Buffetaut | A new nonmarine vertebrate fauna in the Upper Cretaceous of northern Sudan[END_REF][START_REF] Hastings | A new longirostrine dyrosaurid (Crocodylomorpha, Mesoeucrocodylia) from the Paleocene of North-Eastern Colombia: Biogeographic and behavioural implications for New-World Dyrosauridae[END_REF][START_REF] Khosla | Dyrosaurid remains from the Intertrappean Beds of India and the Late Cretaceous distribution of Dyrosauridae[END_REF][START_REF] Storrs | A dyrosaurid crocodile (Crocodylia: Mesosuchia) from the Paleocene of Pakistan[END_REF]. Such preferences for marine or non-marine environments are known in several reptile groups, such as metriorhynchoids and teleosauroids crocodyliforms, extant crocodylians, and plesiosaurs. For each of these groups, rare species living in nonpreferred environment are known, demonstrating a possible adaptation of marine groups to fresh-water environment, and vice versa [START_REF] Martin | Strontium isotopes and the long-term residency of thalattosuchians in the freshwater environment[END_REF]. The same is true for extant cetaceans. An ecologic segregation, like a more restricted preference of mosasaurs to salted environments, could explain the difference in distribution between marine dyrosaurids and mosasaurs during the Maastrichtian, and an absence of the latter from mixed environments (Table 1). Until now, tethysuchians have been considered as a largely marine taxon, and in particular the dyrosaurids, but the Late Jurassic-Paleocene species are largely non-marine forms (65.91%; Fig. 15A), and almost as marine as non-marine during Campanian-Thanetian (46.55% non-marine; Fig. 15B). This proportion is much higher considering only the Campanian-Maastrichtian time interval (73.91%; Fig. 15C), or only dyrosaurids (79.46%; Fig. 15C). By contrast, the proportion of marine forms is much higher during Paleocene (71.43%; Fig. 15D). The tethysuchian diversity is thus mainly non-marine during the Campanian-Maastrichtian, and the proportion of marine forms sharply increases after the K-P crisis (Fig. 14). As seen above, the tethysuchian diversity begins increasing during the Maastrichtian and after the K-Pg crisis (Fig. 8C), this evolution differs between marine and non-marine environments. The non-marine diversity increases from the Campanian to the Maastrichtian, having fallen during Paleocene (Fig. 13A). If the marine diversity increases in the same proportions as non-marine-forms during the Campanian-Maastrichtian, the rise of the Danian marine taxa is much more abrupt, with the number of marine forms becoming much higher than non-marine during the Danian, whereas the non-marine species were 3 times higher than the marine diversity during the Maastrichtian. It is almost twice lower during the Danian (Fig. 10; Appendix 10 of Supplementary data). These differences are more marked if only considering the evolution of dyrosaurids (Appendix 12 of Supplementary data). So, if the tethysuchians clearly diversified during the end of the Cetaceous, due particularly to the dyrosaurid diversification, they strongly diversify after the K-Pg crisis, and this amazing rise occurs in marine environments only. This, and the almost total absence of tethysuchians where mosasaurs were present, supports the hypothesis of an exclusion of the tethysuchians and in particular of the dyrosaurids, from marine environments during the Late Cretaceous in relation to the presence of large marine squamates, and their opportunistic marine diversification aims to the extinction of mosasaurs.

The results presented here suggest a possible ecological segregation during the Maastrichtian, with marine mosasaurs and mainly non-marine tethysuchians. Such ecological segregation with niche partitioning has been suggested between large aquatic reptiles including crocodyliforms as the Miocene North American crocodylians Alligator and Gavialosuchus americanus. The first fed on freshwater and terrestrial source, whereas G. americanus procured prey from marine environment [START_REF] Whiting | Paleoecology of Miocene crocodylians in Florida: Insights from stable isotope analysis[END_REF]. This paleoenvironmental segregation could also contribute to explain the tethysuchian survivorship, while mosasaurs and plesiosaurs became extinct during the K-Pg crisis. The fresh-water environments suffered less from the K-Pg crisis than marine realm [START_REF] Bakker | Chapter 14 Tetrapod Mass Extinctions -A Model of the Regulation of Speciation Rates and Immigration by Cycles of Topographic Diversity[END_REF][START_REF] Van Valen | Ecology and the extinction of the dinosaurs[END_REF][START_REF] Sheehan | Major extinctions of land-dwelling vertebrates at the Cretaceous-Tertiary boundary, eastern Montana[END_REF][START_REF] Cavin | Effects of the Cretaceous-Tertiary Boundary Event on Bony Fishes[END_REF], and this constrained fresh-water life, as a flexibility in their environment of life probably helped tethysuchians to survive to the K-Pg crisis.

Off course, the previous results must be considered with caution, as several biases exist on the data used. First, the sampling is weak and cannot allow to consider the present conclusion as definitive. Second, several species are from unclear environments.

Conclusions

Aquatic longirostrine crocodyliforms show a clear diversification from the end of the Cretaceous and lower Paleocene, with a marked diversification of crocodyliforms after the K-Pg boundary, and, in particular, that of the dyrosaurid tethysuchians in Gondwana. While the latter strongly diversified and dispersed, the diversification of the gavialoids was gentler, with a geographical regression maybe related to the competition with dyrosaurid diversification on Gondwanan continents.

As previously suggested, the crocodylian diversity, and thus gavialoid one, seems to be correlated with the size of the warm temperate climatic belt, and the present work also suggests that the presence of tethysuchians in Gondwana could have limited their presence on these continents and excluded them from other climatic areas. The diversification is particularly remarkable on the Gondwanan continent, much more than that observed in Laurasia. This could be explained by the relative size of both the continent and the climatic distribution, Gondwana being mostly in a hot climatic belt, when the crocodylian climatic belt to which the crocodylians were restricted (warm temperate) is relatively narrow on Laurasia, thus limiting the possible diversification on the Laurasian continents.

It is also suggested here that the evolution pattern of the aquatic crocodyliforms is driven by a complex set of possible factors: environments, snout shape, paleogeographical bioprovinces, climate sensitivity, trophic concurrence, upwelling presence, and paleocurrents; with each group being affected differently by each of these factors.

Moreover, a geographical sampling bias is also observed, Gondwanan fauna being better known than European one, in particular for the Danian interval. This should be considered in future analyses of diversity evolution and their factors. Later events, like the extinction of dyrosaurids during the late Eocene should also be analysed in the light of their climatic sensitivity, and the temperature decreasing strongly from middle to Late Eocene. Also, the strong middle-late Eocene decrease of sea levels could have affected these nearshore animals. However, the preferences of the gavialoids and crocodylians in general for fresh water and their lesser climatic sensitivity, could have prevented their extinction during climatic and sea level crises. So, if the history of the crocodyliforms on the whole is important, the evolution of each group should be considered separately, as their evolution, and the factors driving it, could differ. Moreover, identification of paleogeographical bioprovinces is of particular importance, as regional factors or environmental conditions can also drive the evolution of the crocodyliforms, and information will be lost if the study is not detailed.

The present paper has not the arrogance to propose a definitive result as many biases are possible on the data used. It just tries to propose some hypotheses, points some clues to help finding direction for future researches. The analyses of the diversity evolution are strongly dependent on the quality of the fossil record. Future field works should focus on the South American Maastrichtian to evaluate the presence of dyrosaurid tethysuchians during this period with new and better-preserved specimens. This would confirm if their Maastrichtian distribution was large, with a low diversity, and a strong post Maastrichtian diversification, or if their distribution was restricted, with an increase of both diversity and geographical distribution after the K-Pg crisis. In Africa, the age of the Paleocene remains should be refined to evaluate the evolution of diversity between the lower and late Paleocene. This would also enable a more precise evaluation of the crocodyliform diversity just after the K-Pg crisis.

In Africa, the number of Danian formations bearing tethysuchian is low during this period, and several are dated no more precisely than Selandian-Thanetian. The relationships between mosasaur and tethysuchian diversities should also be more deeply investigated, in particular in West Africa. In this region, mosasaurs are present in some basins, with scarce dyrosaurids, whereas they are absent from others. This should be confirmed by more investigations, and the evaluation of the paleoenvironmental differences between both locations should be conducted to elucidate the reasons for the absence of mosasaurs in some basins. Thorough investigations are required in Maastrichtian African and South American continent to clarify the paleobiogeographic evolution of the dyrosaurids and their continental interchanges. So, I think that all these uncertainties strongly bias the statistical analyses provided up until now, and that they should be considered with caution. Only the answer to the problems described above can provide enough robust data to base confident statistical analyses. 

  Several lithologic units have uncertain and contiguous age assignments. The diversity counts of these units have been counted for the stages included in the uncertainty range. Several corrections have also been conducted on the diversity curves obtained (see below). As the Selandian formations are particularly scarce and numerous African dyrosaurids have an unclear Selandian-Thanetian age, the second Paleocene time bin considered is the Selandian plus Thanetian. It results in Maastrichtian, Danian, and Selandian-Thanetian time bins having more homogeneous lengths (respectively 6.1My, 4.4My, and 5.6My). Nevertheless, as the length of each time bins consistently varies, it should have been better to divide the larger time intervals (Campanian, Maastrichtian, Selandian-Thanetian) to compare periods of closer time lengths, but the precise age of most of the Campanian, Maastrichtian, and Selandian-Thanetian species is not known. So, I also used a PDE dataset version normalised with the time lengths.

  diversity and test the impact of various corrections I used eight datasets: raw data; raw data excluding recent remains; raw data corrected with phylogeny; raw data corrected with phylogeny excluding species not included in phylogenetic analyses; raw data corrected with phylogeny excluding recent remains; taxic diversity corrected by phylogeny, per unit of time; taxic diversity corrected by phylogeny, per unit of time excluding recent remains; taxic diversity corrected by phylogeny, per unit of time excluding derived gavialoids; For each dataset, four graphical comparisons are conducted: tethysuchian and gavialoid diversity; Laurasian tethysuchian and gavialoid diversity compared with Gondwanan diversity; and global longirostrine crocodyliform diversity. Only the last combinations are considered in the discussion in the result section.

  Several reptile faunas have been described from several Maastrichtian localities of Niger (see de Lapparent de Broin et al., 2020 for a synthetic review), and crocodyliforms and mosasaurs are alternatively described in the layers, and are never clearly cited as associated in the same beds, but it is difficult to evaluate if this is related to the nondifferentiation of both taxa by non-specialists, or if a clear segregation exists in Maastrichtian layers, with beds bearing mosasaurs and others with crocodyliforms (Lapparent de Broin, pers. com. 2020). More interestingly, Lingham-Soliar (1991), when listed the reptilian fauna found in studied Maastrichtian localities from Niger and similar to those found in Nigeria, does not mention crocodyliforms remains among mosasaurs, sea snake, turtles, sharks, cat fish, and Stratodus remains. This, and the clear statement of the absence of mosasaur in the Maastrichtian Malian layers studied by O'Leary et al. (2019), strongly suggests a possible environmental segregation between West African mosasaurs and dyrosauroids. Such segregation also exists in Moroccan Late Cretaceous-Paleogene basins: in the Ganntour and Oulad Abdoun Basins, the Maastrichtian layers provided numerous mosasaurs and plesiosaurs remains, but few crocodyliform fossils, as confirmed by the crocodyliform/mosasaurid teeth ratio from the Oulad Abdoun Basin (about 1/1000)

  7). With this dataset the crocodyliform diversity decline at the end of the Paleocene, and the Maastrichtian-Danian transition is marked by a North Tethyian gentle diversity fall (Figs. 7C, D). This is probably due to the poor Maastrichtian and Danian European sampling. If numerous remains are known for both interval of time, from 5 Maastrichtian and four Danian localities (Appendix 1 of supplementary data), most of them are to poor to be attributed to a species and are considered as Thoracosaurus sp.. The localities are extended from Ukraine

  overestimated for the Campanian and underestimated for the Danian. With all the phylogenetic diversity estimate datasets, the Maastrichtian and Danian diversities rise and decrease during the Selandian-Thanetian for global and Gondwanan diversity (Figs. 7C, D, 8C, D, 9C, D). It is also the case considering the dyrosaurid and gavialoid diversities in Gondwana (Figs. 7B, 8B, 9B). The corrections have the strongest impact on the North Tethyian diversity curves (Figs. 7-9). On the contrary, the Laurasian diversity is relatively constant in North Tethys, with larger variations between datasets (Figs. 7A, 8A, 9A). This could be explained by the low number for Paleocene formations available in Laurasia compared to the number of Maastrichtian ones, and the high number of unidentified remains attributed to Thoracosaurus sp. in Europe and East Asia (Appendix 4 of Supplementary data). So, the Laurasian sampling is particularly low (Fig. 7A, 8A, 9A).

  restricted to the Maastrichtian with a Mexican thoracosaurine (Carbot-Chanona et al., 2014), D. minima from Bolivia and Argentina, Ocepesuchus eoafricanus Jouve et al., 2008a from Morocco. Only one species is recorded during the Paleocene south to the N30°, Argochampsa krebsi, from Morocco, the northernmost part of Africa. On the contrary, they are present in numerous Maastrichtian and Paleocene localities in

  , in part due to the poor sample of the lower Paleogene sea surface temperature data. Compared with the climatic zones proposed by Boucot et al. (2013), if the tethysuchian diversity strongly increases during the Paleocene in South Tethys province, in arid and tropical climatic zones, only one species [or maybe two (Jouve et al., 2020)] is present in the Paleocene boreotropical climate from North America (Fig. 7), and none in Europe. All Cretaceous and Paleocene dyrosaurid occurrences are thus in intertropical area with tropical, arid, and boreotropical climats (Fig. 7). Gavialoids have a larger climatic distribution, being also largely present in the warm temperate climatic zones distributed in Europe and North America, where they reached the north 50°. So, this suggests that the temperature tolerance of dyrosaurids could have lower than that of crocodylians, being poorly diversified in boreotropical and almost absent in cooler climatic zones. The presence of several tethysuchians in Europe during the early Late Cretaceous (pholidosaurids, tethysuchians indeterminated), such as the latest possible tethysuchian A. villandensis during the early Campanian, is congruent with higher temperatures during the early Late Cretaceous. The second part of this period is marked by a strong cooling from the Campanian to the early Paleocene (Jouve and Jalil, 2020), interval of time during which tethysuchians are absent from Europe and poorly represented north to the 30° North.

  The tethysuchians, and dyrosaurids in particular, began their diversification during the Campanian, but strongly benefited from the extinction of the large Cretaceous marine reptiles. They were mainly present in non-marine environments in South Tethys paleoprovince during the Late Cretaceous, and seems to have diversified mostly in marine environments during the Early Paleocene. Their survivorship of the Cretaceous-Paleogene Crisis could be in part related to their Late Cretaceous non-marine preferred environments, and their marine post-Cretaceous diversification related to the extinction of other large marine predators such as mosasaurs. The dyrosaurids have been considered as mainly marine forms, and only marginally non-marine, but the present result suggests that the dyrosaurids originates from non-marine environments, were mostly non-marine during the Late Cretaceous, and were only mainly marine after the K-Pg crisis. They largely colonised the marine realm during the Paleocene probably because of the extinction of large marine mosasaurs and plesiosaurs. Their absence from Europe could be related to warm paleocurrents, and their poor diversification in North America to cooler climate. They could have been more sensitive to cooler climates than crocodylians such as gavialoids.Future works should compare their diversification with more precise climatic evolution models. Comparison with the evolution of local sea surface temperatures could also help to determine the possible influence of their variation on the distribution of tethysuchians and dyrosaurids in particular. Until now comparisons have been provided between global crocodyliform evolution and the sea surface temperature values, but comparisons should also be conducted between different geographical locations for the same period, particularly the Maastrichtian and Paleocene. Unfortunately, the sea surface temperatures data are scarce during these periods, particularly for the Paleocene, and do not allow a confident evaluation of global sea surface temperatures, so local temperatures cannot be evaluated.
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