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A.12. Scientific Diffusion & Popularisation

Scientific contribution on biodiversity, systematics, cockroaches and termites for french TV shows (E=M6, 2013 and 2015), popularization magazine (Wapiti, 2011) and ARTE documentary. Lecturer for Empreintes association (2012,2013) and lay public (MNHN, 2013). M y research interests revolve around phylogenetics and are deeply anchored in a tree-thinking biology approach. I try to craft phylogenetic tests as carefully as possible, paying special attention to evolutionary questions and the protocol to test them. Because I study evolutionary questions linked to diverse fields, I am also at the interface between diverse disciplines. I thus tend towards interdisciplinarity, with all the difficulties and richness it brings. So far, I mainly focused on three decisive aspects of phylogenetic tests that have significant consequences on the outcomes: i) taxonomic sampling, ii) character coding/ delimitation, and iii) methodological developments. I provide here a brief introduction to contextualize my research before developing my research themes in three dedicated chapters and presenting my future projects in a fourth one.

Phylogenetics in evolutionary biology

Evolution lies at the heart of biology, as famously stated by [START_REF] Dobzhansky | Nothing in biology makes sense except in the light of evolution[END_REF] when he wrote: "Nothing in Biology makes sense except in the light of Evolution". Dobzhansky emphasized how evolution explains altogether the unity and diversity of life, and we measure now how visionary this sentence was [START_REF] Losos | Evolutionary biology for the 21st century[END_REF]. With evolutionary concepts and methods, we have the ability to address an almost endless list of problems, including those assessed as the most challenging for humanity, such as environmental and health issues (NRC 2009).

The academic discipline "evolutionary biology" encompasses numerous subfields, sometimes seen as opposed to each other according to their scale of studies or their ultimate aims. Macro-scale studies apprehending global patterns of evolution, for instance, have been distinguished from micro-scale studies investigating evolutionary mechanisms or processes [START_REF] Eldredge | Phylogenetic patterns and the evolutionary process: method and theory in compara-tive biology[END_REF]Futuyama 1998). Yet, beyond these divisions, evolutionary biology is a vivid discipline whose subfields complement and feed on one another (Sandvick 2008;Losos 2011b;[START_REF] Weber | Phylogeny, ecology, and the coupling of comparative and experimental approaches[END_REF]. At the macro-evolutionary scale, phylogenetics has become a prevalent discipline nurturing numerous others.

Phylogenetic systematics was in its infancy fifty years ago [START_REF] Hennig | Phylogenetic systematics[END_REF] but, now, its importance is universally recognized. We are firmly placed in what is called a tree-thinking biology era that originated in the 80s [START_REF] Coddington | Cladistic tests of adaptational hypotheses[END_REF][START_REF] Grandcolas | Why to use phylogeny in evolutionary ecology?[END_REF][START_REF] O'hara | Population thinking and tree thinking in systematics[END_REF][START_REF] Baum | Evolution. The tree-thinking challenge[END_REF][START_REF] Omland | Tree thinking for all biology: the problem with reading phylogenies as ladders of progress[END_REF][START_REF] Baum | Tree thinking. An introduction to phylogenetic biology[END_REF][START_REF] Losos | Evolutionary biology for the 21st century[END_REF]. Phylogenetics, the study of evolutionary relationships among organisms, has travelled a long way since Hennig, and it was suggested twelve years ago that phylogeneticists were already producing no less than 15 evolutionary trees per day [START_REF] Rokas | Genomics and the Tree of Life[END_REF]; see also [START_REF] Pagel | Inferring the historical patterns of biological evolution[END_REF][START_REF] Parr | Evolutionary informatics: Unifying knowledge about the diversity of life[END_REF] to visualize the exponential growth of publications on phylogenetics). Phylogenetic trees serve to study a multitude of evolutionary questions and help investigating forensic, or medical issues among other applications [START_REF] Gregory | Understanding Evolutionary Trees[END_REF][START_REF] Arnold | Phylogenetic Targeting of Research Effort in Evolutionary Biology[END_REF]. They bring a historical frame, wherein evolutionary questions are addressed [START_REF] Huelsenbeck | Phylogenetic methods come of age: testing hypotheses in an evolutionary context[END_REF][START_REF] O'hara | Population thinking and tree thinking in systematics[END_REF]Baum et B. Introduction al. 2005). This growing importance will undoubtedly carry on as 'better' trees should be reconstructed while genomic methods and computer sciences improve (e.g., [START_REF] Segata | PhyloPhlAn is a new method for improved phylogenetic and taxonomic placement of microbes[END_REF][START_REF] Jarvis | Whole-genome analyses resolve early branches in the tree of life of modern birds[END_REF][START_REF] Faurby | A species-level phylogeny of all extant and late Quaternary extinct mammals using a novel heuristic-hierarchical Bayesian approach[END_REF]. Consequently, some people rephrased Dobzhansky 's famous statement: nothing in evolution makes sense except in the light of phylogeny (on "SSB support for teaching evolution" webpage -consulted on 7 th march 2014; "Tree-thinking group, 2015" webpage -consulted on 2015-08-20).

Given the importance of tree-thinking in biology [START_REF] Mctavish | How and Why to Build a Unified Tree of Life[END_REF], turnkey solutions to use phylogenies have been proposed in several domains (e.g., [START_REF] Pearse | phyloGenerator: An automated phylogeny generation tool for ecologists[END_REF][START_REF] Thomas | PASTIS: An R package to facilitate phylogenetic assembly with soft taxonomic inferences[END_REF]. This commendable initiative helps people grasping the main concepts and tools of phylogenetics. Here, I do not provide turnkey solutions but rather underline the importance of referring to keystone phylogenetic concepts each time one engages in a phylogenetic test of evolutionary scenario. I also show that, sometimes, new tools must be proposed or refined to respect these fundamental principles, especially in interdisciplinary studies.

Phylogenetics and experimental design

A common element of most scientific methods is the process of testing. Since undergraduate school, young scientists are taught the importance and power of testing in sciences and are explained that it requires an adequate, well-formulated protocol or experimental design. Some disciplines, such as medicine or ethology, often rely on typical experimental designs, where a treatment helps assessing the causal relationship between two variables (called explanatory and response variables). Like so, during my post-doctoral project, my colleagues and I developed an experimental design when investigating the signal, supposedly competitive, emitted by males of Tylopelta gibbera (Hemiptera: Membracidae) during mate localisation (Legendre et al. 2012). Like all experimental designs, it implied delimiting an adequate sample, choosing the methods to use, and defining the measures to perform. This experimental design step was critical; as [START_REF] Martin | Measuring behaviour: an introductory guide[END_REF] underlined, "careful attention to the design of experiments will save many a headache at a later stage in a study".

Martin & Bateson's advice also stands for phylogenetic tests of evolutionary scenarios, i.e. studies whose aim is to answer evolutionary questions beyond phylogenetic relationships (even though getting a robust phylogenetic pattern remains a necessary first step). Clear hypotheses must be formulated and a sound protocol with proper data gathering must be designed. These stages represent mandatory steps entitling scientists to obtain promising results. Yet, meticulous designing has been somehow overlooked in the tree-thinking paradigm because phylogenetics was not initially developed in a so prosperous context. In phylogenetics, data gathering involves taxon and character sampling, as well as character delimitation, two points that I develop in chapters 1 and 2.

Phylogenetics in interdisciplinary studies

The success of phylogenetics in evolutionary biology explains why phylogenetics is such a vibrant field of research. But it comes at a price: Along with increased relevance comes responsibility. People using phylogenetic trees, i.e. tree users, extend well beyond phylogeneticists sensu stricto. Tree users comprise scientists from different fields and with various backgrounds.

As such, they might fail to fully grasp each and every concepts or methods of phylogenetics [START_REF] Omland | Tree thinking for all biology: the problem with reading phylogenies as ladders of progress[END_REF]. Ecologists, ethologists or physiologists, for instance, have to master phylogenetics to adequately tackle some of their specific issues [START_REF] Rezende | Phylogenetic analyses: comparing species to infer adaptations and physiological mechanisms[END_REF][START_REF] Pozzi | The Use (and Misuse) of Phylogenetic Trees in Comparative Behavioral Analyses[END_REF][START_REF] Roquet | Building megaphylogenies for macroecology: taking up the challenge[END_REF]. They must either own multiple skills or collaborate with phylogeneticists. In both cases, they have to engage in interdisciplinary studies. Reciprocally, a phylogeneticist's interest might spread over very different fields, also resulting in interdisciplinary studies.

Interdisciplinary studies are desirable: They allow tackling a scientific issue from different perspectives, different background, and with various tools. Interdisciplinary studies are also highly rewarding [START_REF] Masel | Answering evolutionary questions: A guide for mechanistic biologists[END_REF] but, as for any merging process, they can also be challenging. Data gathered in a given discipline cannot always be used readily in another one, and spurious outcomes might be produced if one fails to identify these limitations. To overcome this impediment, new methodological developments are often needed in interdisciplinary studies. Some authors even argue that it is a pre-requisite of a 'real', i.e. highly integrated, interdisciplinarity, contrary to multidisciplinary approaches with a lower degree of integration and a loose cooperation between disciplines (e.g., [START_REF] Tress | Clarifying Integrative Research Concepts in Landscape Ecology[END_REF]). In the 2 nd and 3 rd chapters, I illustrate how I tackle these two predicaments of interdisciplinary studies (character delimitation issues and the need of new methods) using phylogenetics to investigate social behaviour evolution.

I. SamplIng

StrategIeS to addreSS evolutIonary hypotheSeS In phylogenetIcS H ypothesis testing has always been central in biology [START_REF] Mahner | Foundations of biophilosophy[END_REF]. It relates to the hypothetico-deductive scientific method that we all learned early in science classes: We formulate a hypothesis, design a protocol, gather some data accordingly, analyse the results and conclude about the hypothesis. This routine is commonly applied in several disciplines such as ecology, ethology or medicine, among many other fields of science.

For example, my colleagues and I followed this scientific approach in a recent behavioural study about sexual communication in treehoppers: we stated a problematic (is there a specialized signal produced by male treehoppers, Tylopelta gibbera, that disrupts competitors' duets?), designed a protocol (characterizing search path of single males duetting with a female; characterizing the behaviour of two males duetting with the same female; measuring female response and time to localize the female, with and without competitor in natural conditions and with playbacks), gathered some data following this protocol, compared them (the overlapping signal strongly decreased female response; males took longer to localize the female in the presence of a competitor) and concluded about the hypothesis (yes, the signal functions as to disrupt communication; Legendre et al. 2012 -Figure 1).

Protocol design is a central task in the research agenda and is carried out in advance. Species choice belongs to the sampling step of the protocol design and should thus be anticipated, like the number of replicates for instance. Choosing species to study is, however, rarely considered as an equivalent issue to the number of replicates [START_REF] Westoby | Choosing species to study[END_REF]. Our study on signal competition (Legendre et al. 2012) illustrates this topic: We did not ask whether Tylopelta gibbera was, or not, the best model species to show a male-male competition in vibrational communication, but we did wonder how many replicates would be necessary to test our hypothesis.

Yet, this species choice is significant, as it impacts the rest of the experimental design and the outcomes. Sampling is hypothesis-dependent, whether performed in a phylogenetic context or not, and must be conducted with special care. In phylogenetics, although the perfect taxonomic sampling (i.e. an exhaustive sampling of past and extant taxa) is out of reach -numerous extant and extinct taxa are unknown or hard to acquire -some samplings are better than others to test a given hypothesis, like some protocols in ethology are better than others to answer a particular question.

In phylogenetics, species sampling has long been recognized as of utmost importance.

Several authors have emphasized the role and impact of taxon sampling on phylogenetic relationships per se or on clades support and robustness (e.g., [START_REF] Lecointre | Species sampling has a major impact on phylogenetic inference[END_REF][START_REF] Douzery | The pitfalls of molecular phylogeny based on four species, as illustrated by the Cetacea/Artiodactyla relationships[END_REF][START_REF] Hillis | Taxonomic sampling, phylogenetic accuracy, and investigator bias[END_REF][START_REF] Zwickl | Increased taxon sampling greatly reduces phylogenetic error[END_REF]Grandcolas et al. 2004;[START_REF] Heath | Taxon sampling and the accuracy of phylogenetic analyses[END_REF].

In a hypothesis-testing context, this role takes on another dimension: Species sampling impacts both the phylogenetic pattern and the answer to the evolutionary question. This supplemental attribute has given birth to what has been called either 'phylogenetic experimental design' or 'phylogenetic-targeting', with connected methods proposed and illustrative examples produced B. I. Sampling strategies [START_REF] Goldman | Phylogenetic information and experimental design in molecular systematics[END_REF][START_REF] Mauro | Experimental design in caecilian systematics: Phylogenetic information of mitochondrial genomes and nuclear rag1[END_REF], 2012;[START_REF] Arnold | Phylogenetic Targeting of Research Effort in Evolutionary Biology[END_REF][START_REF] Plazzi | Phylogenetic representativeness: a new method for evaluating taxon sampling in evolutionary studies[END_REF]. These methods still have to be sharpened but, until it happens, a sampling strategy must be stated explicitly [START_REF] Westoby | Choosing species to study[END_REF]. I illustrate below, using two published examples, how I design taxonomic samplings strategically to ensure phylogenetic tests of evolutionary hypotheses as powerful as possible. dre et al. 2010) that the dataset used was insufficient to derive a robust phylogenetic hypothesis, let alone a robust classification. Still, it was mainly used to refine the classification implemented in OSF. In addition, numerous subfamilies were not sampled and kept in diverse positions in the OSF classification according to previous, non phylogenetic, hypotheses [START_REF] Chopard | Taxonomic bias in conservation research[END_REF][START_REF] Chopard | Taxonomic bias in conservation research[END_REF][START_REF] Otte | Orthoptera species file. 1. Crickets (Grylloidea)[END_REF]. Therefore, as usual in phylogenetics, more data were needed and we developed a sampling strategy to test the OSF classification. We focused on Grylloidea and tested as many subfamilies and upper taxonomic levels as possible [START_REF] Chintauan-Marquier | Laying the foundations of evolutionary and systematic studies in crickets (Insecta, Orthoptera): A multilocus phylogenetic analysis[END_REF].

I. 1. 2. Taxonomic sampling strategy to test the cricket OSF classification system

In 2014, the OSF classification included 25 cricket subfamilies. To test the validity of these groups, at least two representatives of each group had to be sampled. A dataset complying with this criterion would approach the 'ideal' minimum taxonomic sampling to test the OSF classification. Unfortunately, and as too often in phylogenetics, what is judged as the 'ideal' sampling to answer a given question was unreachable [START_REF] Westoby | Choosing species to study[END_REF]. We then built a taxonomic sample matching this objective as closely as possible.

We included species belonging to as many supra generic groups as possible among those listed in the OSF on the 1 st September 2014. We also sampled genera not currently classified in a supra generic category in the OSF, to improve the phylogenetic diversity of the ingroup, and to limit sampling biases. In addition, we took into account the genera classified in tribal or subfamilial groups that are no more in use in the OSF. In total, we included 205 species (152 genera) representing 22 of the 25 subfamilies (i.e. 88 %) and 37 of the 52 tribes (i.e. 71 %) listed in the OSF. This sampling covered all the families (four) and "subfamily groups" (three) listed in the OSF. We increased the taxonomic sample for a cricket molecular phylogenetic study and were able to test most of the cricket supra-generic groups.

I. 1. 3. Laying the foundation of a phylogenetic classification for crickets and of evolutionary hypotheses on this group

We sequenced seven molecular markers and obtained a ~3600 bp alignment. We then performed maximum parsimony, maximum likelihood and Bayesian inference analyses. We showed that some traditional groups are supported while others are not (Chintauan-Marquier et al. 2016 ; Figure 3). Three out of the four families were monophyletic but only one of the "subfamily group" was monophyletic. As for subfamilies, only 6 out of 22 were monophyletic. Different situations must be distinguished though for the non-monophyletic subfamilies. Some of them could be recovered monophyletic providing minor changes in cricket classification (most often, this means to move a few genera from one clade to another), while others were polyphyletic or nested within larger clades. These different situations imply different solutions to obtain a phylogeny-based classification system. Furthermore, our results suggested nomenclatural amendments (e.g., new names, new ranks) and questioned the possibility to consider an entirely phylogenetically-derived classification, with all names reflecting tree topology. Overall, our results showed that the OSF classification system must be updated according to the most recent phylogenetic results, considering phylogenetic uncertainty when relevant. Only then shall it be used for the numerous evolutionary questions addressed in this Insect group, especially on communication for which crickets comprises important models [START_REF] Gerhardt | Acoustic Communication in Insects and Anurans[END_REF].

In short, we tested the OSF classification system and brought the foundations for a future classification system that should become the new benchmark for crickets and for evolutionary studies on this group. A similar approach with equivalent outcomes has been recently undertaken for Blaberidae cockroaches (Legendre et al. 2017). It helped differentiating results supported on not, controversial or not with previous works, a report useful to prioritize future samplings and future phylogenetic tests, from the simplest (e.g., classification) to much more complex evolutionary scenarios. 

I. 2. 1. Tempo of evolution, fossils and datings

Tempo of evolution has long fascinated evolutionary biologists [START_REF] Simpson | Tempo and mode in evolution[END_REF]. What is the rate of evolution of a taxonomic group? Why and how does it accelerate or decelerate in some groups? When do two sister-groups diversified? Concomitantly or not? All these questions, and numerous others, are gathered under the word "tempo". Nowadays, questions about tempo of evolution are commonly tackled in a phylogenetic framework, thanks to numerous advances in diversification and dating analyses [START_REF] Drummond | Relaxed phylogenetics and dating with confidence[END_REF][START_REF] Morlon | Phylogenetic approaches for studying diversification[END_REF]. For these analyses, designing the taxonomic sampling is again a crucial step, and it is also true for Dictyoptera, the insect super-order that illustrates this section. But studies on tempo of evolution comprise another component sensitive to sampling issues: fossils. We only know 2 to 30 % of the actual species diversity (May 1990a), which itself represents less than 1 % of the past diversity [START_REF] Benton | Diversification and extinction in the history of life[END_REF]. These figures underline why sampling carefully extinct taxa is of prime importance.

Fossils bring original character combinations and are associated with an age, more or less accurate. They help deciphering the evolution of forms and behaviours and allow delimiting an absolute temporal frame [START_REF] Donoghue | The Importance of Fossils in Phylogeny Reconstruction[END_REF]. In phylogenetics, fossils can be part of the taxa whose relationships are reconstructed and/or be used as calibration points in dating estimates, analyses adding a temporal dimension to phylogenetic relationships. In the latter, more restrictive case, fossils enable us to transform a phylogram into a chronogram. Chronograms are pivotal to investigate evolutionary questions about tempo so that the role of fossils in dating analyses cannot be underestimated and their choice (i.e. their sampling) is of uppermost importance [START_REF] Quental | Diversity dynamics: molecular phylogenies need the fossil record[END_REF][START_REF] Parham | Best practices for justifying fossil calibrations[END_REF]. Like a biased or superficial taxonomic sampling can be detrimental to tree reconstruction, inadequate fossil calibrations can constrain or orientate dating analyses towards misleading estimates. In both cases, evolutionary interpretations will be erroneous. Hence, a careful sampling of both terminals and calibration points is required.

The problem of incomplete or controversial fossil record occurs in countless taxonomic groups, and, when investigating tempo-related problems, it adds up to the issue of molecular phylogenies with limited samples. Dictyoptera -an insect super-order including cockroaches, praying mantises and termites, the latter being now most often considered as a suborder of Blattodea (Inward et al. 2007a;[START_REF] Beccaloni | Order Blattodea[END_REF] -illustrate these issues. First, the oldest 'Dictyoptera-like' fossils would be useful to date the oldest nodes, but these fossils are controversial (see below). They cannot be used as long as they have not been re-examined. Second, even if well-established molecular phylogenies have been proposed for praying mantises and termites (Inward et al. 2007b;Legendre et al. 2008b;[START_REF] Svenson | Reconstructing the origins of praying mantises (Dictyoptera, Mantodea): the roles of Gondwanan vicariance and morphological convergence[END_REF], studies where the three groups were considered together had much smaller taxonomic and molecular samples or did not incorporate attempts of molecular dating estimates (Inward et al. 2007a;[START_REF] Djernaes | Identifying possible sister groups of Cryptocercidae+Isoptera: A combined molecular and morphological phylogeny of Dictyoptera[END_REF]. These limitations impede our understanding of dictyopteran evolution.

Yet, the study of this charismatic group of insects, which is deeply rooted in a long chronological timescale [START_REF] Davis | Eusociality and the success of the termites: insights from a supertree of dictyopteran families[END_REF][START_REF] Laurentiaux | La reproduction chez les Blattes carbonifères[END_REF], could shed light on the evolution of a variety of important traits from social or predatory behaviours, to digestive or intracellular symbioses [START_REF] Grandcolas | The phylogeny of cockroach families: A cladistic appraisal of morpho-anatomical data[END_REF][START_REF] Grandcolas | The origin of protistan symbionts in termites and cockroaches: A phylogenetic perspective[END_REF]Inward et al. 2007b;Legendre et al. 2008b;[START_REF] Svenson | Phylogeny of Mantodea based on molecular data: evolution of a charismatic predator[END_REF].

Therefore, I conducted a collaborative project testing the controversial tempo of diversification of praying mantises, cockroaches and termites. We designed a sampling strategy to overcome the aforementioned limitations. We sampled ca. 800 species, while previous dictyopteran phylogenies included less than 80 taxa, and chose fossils critically in Parham et al.'s (2012) spirit to produce dating estimates.

I. 2. 2. Critical fossil sampling and conservative test

Since the nineteenth century, cockroaches are thought to be very ancient because of the existence of numerous cockroach-like Palaeozoic and Mesozoic fossils (also called "roachoids"), and are traditionally conceived as ancestral to termites and praying mantises [START_REF] Cornwell | A laboratory insect and an industrial pest cockroach[END_REF][START_REF] Imms | Recent advances in entomology[END_REF][START_REF] Rau | Cockroaches: the forerunners of termites (Orthoptera: Blattidae; Isoptera)[END_REF][START_REF] Roth | Evolution and taxonomic significance of reproduction in Blattaria[END_REF][START_REF] Roth | Sliferia, a new ovoviviparous cockroach genus (Blattellidae) and the evolution of ovoviviparity in Blattaria (Dictyoptera)[END_REF][START_REF] Tillyard | Are termites descended from true cockroaches[END_REF]. These "roachoids" are, however, controversial.

The best-preserved female "roachoid" fossils show external ovipositors (long or short depending on the taxa), a morphological character that is never found in extant cockroaches (Figure 4). Moreover, other characters such as wing venation or mouthparts are often incomplete or difficult to interpret. Hence, the systematic relationships of "roachoid" fossils remain disputed.

The question, still unresolved, is whether these "roachoids" are indeed true cockroaches or rather a stem-group of Dictyoptera [START_REF] Grandcolas | The phylogeny of cockroach families: A cladistic appraisal of morpho-anatomical data[END_REF][START_REF] Hennig | Insect Phylogeny[END_REF]; Figure 5), even if the Dictyoptera (including these "roachoids") seems to be monophyletic, with the Palaeozoic Paoliida as its sister group (Prokop et al. 2014).

Mantises are understood as much more recent than these "roachoids", according to the fossil record (i.e. Early Jurassic; [START_REF] Grimaldi | A revision of Cretaceous mantises and their relationships, including new taxa (Insecta: Dictyoptera: Mantodea)[END_REF][START_REF] Svenson | Phylogeny of Mantodea based on molecular data: evolution of a charismatic predator[END_REF][START_REF] Vršanský | Origin and the early evolution of mantises[END_REF]. The most recent phylogenetic hypotheses postulate, however, that praying mantises are sister-group to the modern cockroaches or to all other modern Dictyoptera [START_REF] Trautwein | Advances in insect phylogeny at the dawn of the postgenomic era[END_REF]. The relatively young age of crown-mantises seems to contradict the hypothesis that all Palaeozoic and Early Mesozoic "roachoids" could belong to the crown Blattodea. Recently, some Palae- ozoic fossils were thought to be stem-mantis lineages, sharing synapomorphic characters with modern praying mantises within the wings and maybe raptorial forelegs [START_REF] Béthoux | Evidence for Carboniferous origin of the order Mantodea (Insecta: Dictyoptera) gained from forewing morphology[END_REF][START_REF] Béthoux | New Data on Homocladus grandis, A Permian Stem-Mantodean (Polyneoptera: Dictyoptera)[END_REF]. This hypothesis (Figure 5) would reconcile the latest molecular phylogenies with the fossil record but it has also been disputed [START_REF] Aristov | Fossil insects of the middle and upper Permian of European Russia[END_REF][START_REF] Gorochov | No evidence for Paleozoic origin of mantises (Dictyoptera : Mantina)[END_REF][START_REF] Kukalova-Peck | Is the Carboniferous † Adiphlebia lacoana really the "oldest beetle"? Critical reassessment and description of a new Permian beetle family[END_REF][START_REF] Guan | Revision of the enigmatic insect family Anthracoptilidae enlightens the evolution of Palaeozoic stem-dictyopterans[END_REF].

Finally, termites were always considered as a recent group according to a rich fossil re- Here again, these hypotheses have been criticized [START_REF] Genise | Comment-Advanced early jurassic termite (Insecta: Isoptera). Nests: evidence from the Clarens formation in the Tuli Basin, Southern Africa[END_REF]) and would need proper testing.

We did not use these controversial fossils but tested them with a conservative approach (Figure 6), wherein the possibility to infer old age estimates was kept as follows. Because we were testing the likelihood of old age estimates, our settings in datings needed to allow their potential recovery. We nested our analysis in a deeper group, well-represented in the fossil record, and selected outgroups accordingly [START_REF] Graham | Rooting phylogenetic trees with distant outgroups: a case study from the commelinoid monocots[END_REF]Grandcolas et al. 2004;[START_REF] Hedman | Constraints on clade ages from fossil outgroups[END_REF]). In addition, we placed a maximal age constraint at the root, corresponding to the differentiation between Palaeoptera and Neoptera, of 470 Ma. This value corresponds to the maximum of the 95 % confidence interval inferred in [START_REF] Rehm | Dating the arthropod tree based on large-scale transcriptome data[END_REF] and is a very old limit given that the Palaeoptera/Neoptera diversification is commonly thought to have occurred around 400

Ma [START_REF] Grimaldi | Evolution of the Insects[END_REF]. 

I. 2. 3. Origins of cockroaches, praying mantises and termites: "roachoids", ecological succession and sociality evolution

We found relatively old age estimates for crown-Dictyoptera (293-315 Mya), and thus for stem-mantises and stem-cockroaches due to the topology recovered, estimates compatible with several controversial fossils. Some "roachoid" fossils and the oldest putative stem-mantises fossils cannot be ruled out. On the opposite, our results invalidate both the hypothesis suggesting that winged "blattoids" would date back to the Devonian [START_REF] Zhang | The most ancient roach (Blattodea): a new genus and species from the earliest Late Carboniferous (Namurian) of China, with a discussion of the phylomorphogeny of early[END_REF]) and the putative Triassic nest evidence.

These age estimates raise new questions and new hypotheses of evolution can be postulated. First, given that termites would date back, at most, to the Early Jurassic and that they are crucial decomposers nowadays, one can wonder how warm ecosystems functioned in the Triassic or before (e.g., [START_REF] Raymond | Rates and processes of terrestrial nutrient cycling in the Paleozoic: the world before beetles, termites, and flies[END_REF]. Myriapoda, Blattodea and some Orthoptera could have acted as decomposers, but further evidence is needed. It remains an open question, like for scavenger and coprophagous guilds, as these guilds are mainly composed of two recent lineages: Diptera and Coleoptera since the Cenozoic. Second, we found a large temporal gap of ca. 100 Myr between stem-and crown-mantises. This pattern of old origin and much more recent diversification is puzzling but it could be related to their major life history trait, carnivory. Before the Jurassic, several carnivorous lineages existed, including several polyneopterans: Titanoptera only known from the Triassic is now extinct; Mantophasmatodea was present (and may have flourished) before the diversification of the crown-mantises [START_REF] Huang | Mantophasmatodea now in the Jurassic[END_REF]; some Palaeozoic and Early Mesozoic "roachoids" (Raphidiomimoidea) were likely carnivorous. Crown-mantises would have post-dated all these polyneopteran carnivores according to our results, a scenario of 'ecological succession' already hypothesized by [START_REF] Gorochov | New and little known orthopteroid insects (Polyneoptera) from fossil resins: Communication 1[END_REF].

Given the controversial nature of anthracoptilids around both their taxonomic affinity and their possession of raptorial forelegs [START_REF] Aristov | Fossil insects of the middle and upper Permian of European Russia[END_REF], we cannot infer whether raptorial legs were a crown-mantis apomorphy that would have been a key acquisition for their diversification, after competitors had disappeared. This 'ecological succession' scenario would thus deserve to be further investigated.

This study clarified the debate around the origin of each crown-dictyopteran group but the debate is far from over. We reduced the temporal frame typically associated to Dictyoptera and suggested that modern Dictyoptera did not diversify before Hymenoptera, Diptera or Coleoptera. We also brought new hypotheses about dictyopteran evolution, like the possibility for eusociality (i.e. highly integrated social systems) to act as a key innovation promoting diversification, a hypothesis subsequently tested and validated (Legendre & Condamine, in press).

In addition, the inferred age estimates allow targeting critical periods to look for dictyopteran fossils, where their presence is still disputable: praying mantises in the Permian and Triassic periods; cockroaches in the Permian; and termites in the Jurassic. I. 3. More on sampling: from fieldwork to "big data" I have underlined the importance of a targeted sampling with regard to an evolutionary question, emphasizing taxonomic sampling. Extant and extinct taxa must be sampled critically to maximize the power of the phylogenetic test because 'phylogenetic targeting' (sensu Arnold & Nunn 2010) is hypothesis-dependent. In return, the answer to the tests suggests new sampling priorities and new research directions or projects. For these projects, increasing the phylogenetic sampling is a trivial but unavoidable perspective that concerns taxonomic and character sampling.

Both taxonomic and character samplings depend on the state of knowledge in taxonomy, an important aspect of my research. Taxonomy, and its related activities from fieldwork to curation and highlighting of natural history collections, is essential because it allows collecting and describing new taxa -it thus contributes to the ever going quest of a better taxonomic sampling -and providing traits (through direct or indirect observations) useful for diverse evolutionary investigations. These studies will be all the more interesting and complex that we know various features about the organisms.

I underline below the role of fieldwork in my research, especially with regard to sampling, before developing ongoing projects related to taxonomic and character sampling.

I. 3. 1. Taxonomy at the heart of phylogenetic tests of evolutionary scenarios

Taxonomy, an academic field dealing with organismal biology, encompasses the description and identification of organisms. The definition of taxonomy varies and I mean it here in a broad sense, including fieldwork and curation of natural history collections. By definition, taxonomy directly contributes to sampled taxa but, by extension, taxonomy underlies countless disciplines, such as evolution or ecology. To paraphrase Robert M. May (1990b), taxonomy helps us to better apprehend the bricks of "the house of biological science" and thus occupies a fundamental position in biology.

The role of taxonomy in evolutionary biology is exacerbated by three points related to the current situations in phylogenetics and in the study of biodiversity. First, we face a biodiversity crisis that threatens numerous species, most of which remain to be described or unearthed [START_REF] Hortal | Seven Shortfalls that Beset Large-Scale Knowledge of Biodiversity[END_REF]. To collect specimens and describe species, two taxonomic activities, contributes fighting against this situation. Second, we are in the era of phylogenomics, wherein the number of molecular characters used to reconstruct a phylogenetic tree will not be a limitation anymore [START_REF] Pyron | Post-molecular systematics and the future of phylogenetics[END_REF]. Instead, the number of species sampled and for which we have information on traits to be studied, two pieces of information that taxonomy brings, will limit future studies.

Third, we are in a tree-thinking paradigm, wherein numerous questions are addressed and various methods developed. Questions need characters to be as diversified as possible; methods need comprehensive sampling to provide results as robust as possible. Taxonomy is thus a rare discipline -taxonomic skills keep disappearing despite several warnings (e.g., Gaston & May 1995) -with a pivotal position.

My research comprises a taxonomic activity, including work in the field and on natural history collections. Fieldworks, especially for organisms not easily captured by traps like cockroaches (Colinet et al. 2016), bring natural history data: direct observation of behaviours, habitats, etc. The role of natural history data cannot be overemphasized [START_REF] Losos | Evolutionary biology for the 21st century[END_REF], they contribute to our understanding of the tree of life and on its evolutionary dynamics. Fieldworks will constitute part of my future projects and will enrich Natural History Collections (NHC). Moreover, these collections comprise useful information beyond the specimens per se (i.e. information written on labels). Building on the wealth of information contained in NHC, I initiated the reScue project (funds: ATM and Synthesys). This pilot project aims at using NHC to investigate biogeographic scenarios. It uses the geographic data reported on specimen labels to overcome a well-known limitation, the Wallacean shortfall, which refers to the lack of knowledge about the geographical distribution of species [START_REF] Lomolino | Conservation biogeography[END_REF]). This shortfall hampers accurate inferences in evolution and ecology (e.g., biogeographic scenario, delimitation of priority conservation areas). This ongoing project is the foundation of a larger project developed in section IV.3.

I. 3. 2. Primary biodiversity data and taxonomic bias

The recently defended 7). We also showed that it appears to be linked to societal preferences Phylogenetic tests and protocol design rather than to research activity. We therefore call scientists to advertise more on non-charismatic species to help inverting this trend (Troudet et al. 2017).

In addition, we have reported that the practice of biodiversity data collating has changed recently (Troudet et al. submitted). More and more observations of biodiversity are performed, instead of specimens or samples collecting. One advantage of mere observations is that it is faster than capturing specimens, a quality in the current period of biodiversity crisis. But there are also disadvantages, such as the impossibility to a posteriori validate the taxonomic identity of an observation occurrence. Specimens are needed for obvious reasons such as validation of identification or species description, but also to maximize the research agenda of current and future studies dealing with biodiversity and phylogenetics. For instance, with a specimen, morpho-anatomic characters can be observed, which is essential for including fossils in phylogenetic analyses following, arguably, the most promising approach of age estimates, tip-datings [START_REF] Pyron | Divergence time estimation using fossils as terminal taxa and the origins of Lissamphibia[END_REF][START_REF] Ronquist | A total-evidence approach to dating with fossils, applied to the early radiation of the hymenoptera[END_REF].

In this light, the importance of taxonomy, fieldwork and NHC is even more striking. Taxonomists must keep advertising this role, as well as the importance of studying each and every organism and not only the most charismatic ones.

I. 3. 3. Networks and Next Generation Sequencing (NGS) -D. Evangelista current project

Character sampling is equally important to taxonomic sampling to get meaningful and robust phylogenetic hypotheses that, in turn, are used in phylogenetic test of evolutionary questions. In dictyopteran phylogenetics, only six short molecular markers are repeatedly used. We have investigated the phylogenetic signal of these markers, relying on modern phylogenetic signal measures and network analyses [START_REF] Thouzé | Taux d'évolution accélérs, convergences et conflits topologiques : apport des études de réseaux et de signal phylogénétique chez les Dictyoptères et les Blaberidae (Insecta : Dictyoptera)[END_REF]Evangelista et al. submitted; Figure 8).

We have performed these analyses at two different taxonomic and temporal scales: the Blaberidae family (ca. 200 Mya) and the Dictyoptera super-order (ca. 380 Mya - Legendre et al. 2015b). We have compared the results and identified the phylogenetic profile of future markers that would best contribute to resolve difficult issues in tree reconstruction for these groups.

Subsequently, for the post-doctoral project of Dominic Evangelista on Blaberoidea phylogenetics (i.e. Blaberidae + Ectobiidae), we have targeted molecular markers with a supposedly adequate phylogenetic profile at this scale. We are currently working on these markers, relying on Next Generation Sequencing and more specifically on exon capture, a method that proved efficient for other taxonomic groups (e.g., [START_REF] Bragg | Exon capture phylogenomics: efficacy across scales of divergence[END_REF][START_REF] Heyduk | Phylogenomic analyses of species relationships in the genus Sabal (Arecaceae) using targeted sequence capture[END_REF][START_REF] Sass | Revisiting the Zingiberales: using multiplexed exon capture to resolve ancient and recent phylogenetic splits in a charismatic plant lineage[END_REF]. We have targeted ca. 250 loci and the assembly stage on 93 taxa is in progress. Hopefully, this wealth of data will allow resolving unsupported or controversial nodes (Legendre et al. 2017).

In this chapter, I emphasized that sampling, of taxa and characters, is part of the protocol design in phylogenetics, and that it must be anticipated according to the question tested. Even though the perfect sampling is out of reach, some are better than others to answer as powerfully as possible to a specific question. In this quest of the best possible sampling, taxonomy, fieldwork and natural history collections play a pivotal role, which should be promulgated. With taxa and characters strategically targeted, one can engage in the following stage of the phylogenetic test of evolutionary scenarios: the coding step (including character delimitation). 

II. character codIng and phylogenetIc teSt of adaptatIon

In IntegratIve approacheS I n phylogenetics, data gathering implies data coding, the way we try to accurately represent observations. As soon as this coding step is shaky, any subsequent step is flawed, and the whole scientific process is doomed to failure. Coding must therefore be performed with special care. To code characters for their matrix, phylogeneticists rely on homology criteria. These criteria help sorting out comparable things (putative homologous characters) from things that are not (non homologous characters), and they proved indispensable and helpful in numerous occasions. For instance, my colleagues and I explained, using homology criteria, why the stridulum (i.e. the song organ in Ensifera) of true crickets and tettigonids is not homologous to the stridulum of mole crickets (Desutter- [START_REF] Grandcolas | The genus Cryptocercus in East Asia: distribution and new species (Insecta, Dictyoptera, Blattaria, Polyphagidae)[END_REF]Grandcolas et al. , 2017)).

Data coding has long been recognized as of fundamental importance for phylogenetic tree reconstructions and has been profusely discussed (e.g., [START_REF] Stevens | Character states, morphological variation, and phylogenetic analysis: a review[END_REF][START_REF] Lipscomb | Parsimony, homology and the analysis of multistate characters[END_REF][START_REF] Wiens | Polymorphic characters in phylogenetic systematics[END_REF][START_REF] Simmons | Gaps as characters in sequence-based phylogenetic analyses[END_REF]. These discussions related mainly, however, to characters included in the phylogenetic matrix, and much less often to the characters of interest: the characters involved, strictly speaking, in the evolutionary hypotheses tested (but see Deleporte 1993; de Queiroz 1996 and references cited;Grandcolas et al. 2011). Yet, in a tree-thinking biology paradigm where phylogenetics encompasses more and more disciplines, characters of interest are multiform. They are not always straightforwardly integrated in a phylogenetic test of evolutionary scenario, a process to perform ably.

Integrative approaches, studies overlapping different fields, are increasingly developed and promoted in research. In systematics, integrative taxonomy [START_REF] Dayrat | Towards integrative taxonomy[END_REF]) is trendy, even though it refers simply to the use of different sorts of characters (e.g., molecules and morphology) to identify and describe species, so that the term 'integrative' seems usurped. But the use of phylogenies in various disciplines, from ethology to linguistics or ecology, does imply an interdisciplinarity, an integrative approach that is much more than the simple juxtaposition of two fields.

Interdisciplinarity is exciting, it can achieve more than the sum of the individual parts could do alone [START_REF] Knapp | Ten Simple Rules for a Successful Cross-Disciplinary Collaboration[END_REF], but it does not unfold without hurdles. Data from one field might not be suitable for the other field, and reciprocally [START_REF] Michener | Ecoinformatics: Supporting ecology as a data-intensive science[END_REF]. As recalled above, the data used in a phylogenetic matrix or a posteriori reconstructed on a tree must satisfy homology criteria. Do all linguistic, behavioural or ecological data comply with this requirement? Probably not (Grandcolas et al. 2011). This problem is patent when one confounds categories with phylogenetic characters. Although classifying complex biological phenomenon into a limited number of discrete categories (i.e. the categorization process) is necessary to understand underlying biological processes, it remains a simplification of a complex reality.

Categories are most often either too broad or too constraining to accurately reflect what we observe in nature (Wcislo 1997a,b;[START_REF] Doody | Breaking the Social-Non-social Dichotomy: A Role for Reptiles in Vertebrate Social Behavior Research?[END_REF]Legendre et al. 2015a). In other words, categories do not comply with homology criteria. This issue has been largely discussed with regard to social categories, but is clearly not restricted to social behaviours (e.g., Robillard et al. 2006a;Grandcolas et al. 2011). I illustrate below how it also applies to the phylogenetic test of putatively adaptive behaviours in frogs (Goutte et al. 2013[START_REF] Goutte | Environmental constraints and call evolution in torrent dwelling frogs[END_REF].

II.1. Convergence, adaptation and character coding

II.1.1. Adaptive convergence

Phenotypic convergence occurs when similar traits evolved independently due to similar selective pressures [START_REF] Wake | Homoplasy: From Detecting Pattern to Determining Process and Mechanism of Evolution[END_REF]. The notion of convergence is so tightly linked to the concept of adaptation that they have often been confused [START_REF] Stayton | The definition, recognition, and interpretation of convergent evolution, and two new measures for quantifying and assessing the significance of convergence[END_REF]. But all authors agree that under strong environmental constraints, organisms may share similarly optimized solutions: evo-devo to better grasp the molecular mechanisms underlying convergent phenomena [START_REF] Martin | The loci of repeated evolution: A catalog of genetic hotspots of phenotypic variation[END_REF], the study of convergence is hindered by a lack of natural history data and of taxonomic reliability [START_REF] Hortal | Seven Shortfalls that Beset Large-Scale Knowledge of Biodiversity[END_REF]. Without natural history data, evolutionary scenarios remain poor; without taxonomic expertise, scenarios might be spurious.

II.1.2. Coding of character and selective pressure to investigate adaptive convergence

The study of convergent characters is tightly linked to the character coding process, and thus to homology criteria. Despite several inconsistent definitions, convergence always implies two notions: similarity and independent evolution (Desutter- [START_REF] Grandcolas | The genus Cryptocercus in East Asia: distribution and new species (Insecta, Dictyoptera, Blattaria, Polyphagidae)[END_REF][START_REF] Stayton | The definition, recognition, and interpretation of convergent evolution, and two new measures for quantifying and assessing the significance of convergence[END_REF]). If two similar characters -like stridulatory veins of true crickets and mole crickets -do not comply with homology criteria, then they are readily identified as convergent. If they do comply with the homology criteria, the phylogenetic congruence test (sensu [START_REF] Patterson | Morphological characters and homology[END_REF] will discriminate convergence from inherited similarity (Desutter- [START_REF] Grandcolas | The genus Cryptocercus in East Asia: distribution and new species (Insecta, Dictyoptera, Blattaria, Polyphagidae)[END_REF][START_REF] Stayton | The definition, recognition, and interpretation of convergent evolution, and two new measures for quantifying and assessing the significance of convergence[END_REF].

Convergence is a key concept in evolutionary biology because it helps, in particular, investigating adaptations to environmental constraints s.l. (including habitat, climate, other species, etc. [START_REF] Schluter | The ecology of adaptive radiation[END_REF]. As Darwin put it: "We can clearly understand why analogical or adaptive character, although of the utmost importance to the welfare of the being, are almost valueless to the systematist. For animals, belonging to two most distinct lines of descent, may readily become adapted to similar conditions, and thus assume a close external resemblance" (Darwin 1859: 427; emphasises mine). In other words, under strong environmental constraints, organisms may share similarly optimized solutions: adaptations (Losos 2011a). Hence, convergence and adaptations are often perceived as "proofs" of the role of environmental constraints. This relation is widespread, for instance, in the literature on social systems, morphology or communication (e.g., [START_REF] Morton | Ecological Sources of Selection on Avian Sounds[END_REF][START_REF] Hansen | Vocal learning: its role in adapting sound structures to long-distance propagation, and a hypothesis on its evolution[END_REF][START_REF] Slobodchikoff | Resources and the evolution of social behavior[END_REF][START_REF] Hatchwell | The evolution of cooperative breeding in birds: kinship, dispersal and life history[END_REF]).

An adaptation can be defined as a novel character that has been shaped by natural selection for its current use [START_REF] Gould | Exaptation -a missing term in the science of form[END_REF]Grandcolas 2015 and references herein). Despite a long-standing focal issue, deciphering adaptation and its underlying mechanisms remain complex [START_REF] Wake | Homoplasy: From Detecting Pattern to Determining Process and Mechanism of Evolution[END_REF]). On one hand, adaptations could be identified only from a combination of comparative, populational, and optimality perspectives [START_REF] Olson | How to Study Adaptation (and Why To Do It That Way)[END_REF]. But a character might have an optimized performance and be symplesiomorphic. On the other hand, convergent patterns can occur because of other reasons than adaptation to a similar environment [START_REF] Wake | Homoplasy: The Result of Natural Selection, or Evidence of Design Limitations?[END_REF]Losos 2011a). Thus, convergence does not equate to adaptation, and reciprocally.

Besides, the word 'similar' is too imprecise to characterize environments. Consequently, when done in a comparative angle, studying adaptation requires a proper coding of both the characters (i.e. the putative convergence) and the environmental constraints (i.e. the selective pressure).

Because my research is anchored in phylogenetic tests of evolutionary hypotheses linked to diverse fields, the characters of interest and their codings are heterogeneous. Regrettably, and maybe because they are less and less often integrated in the phylogenetic matrix -especially with the increased ease to gather molecular data, the coding of the characters of interest is sometimes overlooked. Here, I illustrate how and why the coding step must be achieved with special care, using the study of potential acoustic adaptations in a constraining environment.

This problematic was tackled on Ranidae frogs living in torrents during the PhD thesis of Sandra Goutte.

II.2. Coding eco-ethological preferences beyond coarse categories: phylogenetic test of the Acoustic Adaptation Hypothesis (AAH)

Environmental pressure acts as one of the major selective forces on acoustic signals evolution. Environment affects both sound transmission and its content integrity, favouring some properties of calls in a given environment. Because a call that does not reach its intended receiver -or is too distorted to be efficiently recognizable or localizable -often reduces the fitness of the sender, the acoustic properties of a calling site are expected to constrain call evolution and might even lead to convergent calls in similar environments. This idea is referred to as the Acoustic Adaptation Hypothesis or AAH [START_REF] Morton | Ecological Sources of Selection on Avian Sounds[END_REF][START_REF] Marten | Sound transmission and its sig-nificance for animal vocalization[END_REF][START_REF] Wiley | Physical constraints on acoustic communication in the atmosphere: implications for the evolution of animal vocalizations[END_REF][START_REF] Endler | Signals, signal conditions, and the direction of evolution[END_REF][START_REF] Ey | The "acoustic adaptation hypothesis"-a review of the evidence from birds, anurans and mammals[END_REF][START_REF] Weir | The Role of Ecological Constraint in Driving the Evolution of Avian Song Frequency Across a Latitudinal Gradient[END_REF].

The AAH has been investigated several times but studies proved inconclusive [START_REF] Morton | Ecological Sources of Selection on Avian Sounds[END_REF][START_REF] Dubois | A case of possible vocal convergence between frogs and a bird in Himalayan torrents[END_REF][START_REF] Nemeth | Blackbirds sing higher-pitched songs in cities: adaptation to habitat acoustics or side-effect of urbanization?[END_REF][START_REF] Peters | Long-distance call evolution in the Felidae: effects of body weight, habitat, and phylogeny[END_REF]. Two main explanations have been proposed. First, it could result from shortcomings in the characterization of environmental constraints [START_REF] Bosch | Are frog calls modulated by the environment? An analysis with anuran species from Bolivia[END_REF][START_REF] Wells | The ecology and behavior of amphibians[END_REF]Ey & Fisher 2009). Calling sites are often simplified into coarse habitat categories such as "open" or "closed" habitats. This simplification does not account for the variability within those categories [START_REF] Morton | Ecological Sources of Selection on Avian Sounds[END_REF][START_REF] Zimmerman | A comparison of structural features of calls of open and forest Habitat frog species in the central Amazon[END_REF][START_REF] Kime | The transmission of advertisement calls in Central American frogs[END_REF]; Bosh & de la Riva 2004; Vargas-Salinas & Amézquita 2014), leading to misinterpretations or biased results as shown in other broad typologies (e.g., [START_REF] Doody | Breaking the Social-Non-social Dichotomy: A Role for Reptiles in Vertebrate Social Behavior Research?[END_REF]Legendre et al. 2014). Second, studies testing the adaptation of acoustic signals to the environment do not properly consider the role of phylogenetic history, a factor that might blur the relation between acoustic adaptation and environment (e.g., [START_REF] Penna | Frog call intensities and sound propagation in the South American temperate forest region[END_REF][START_REF] Kime | The transmission of advertisement calls in Central American frogs[END_REF][START_REF] Bevier | Variation in call structure and calling behavior in treefrogs of the genus Scinax[END_REF]. I highlight these two aspects in the following sections, paying special attention on how characters are defined and coded before being integrated in the phylogenetic test of AAH.

II.2.1. Characterizing environmental constraints

: what is a 'torrent'? (Goutte et al. 2013 -PLoS;Goutte et al. 2016 -Evolution) Context -Torrents are commonly perceived as constraining environments for acoustic communication; they are, however, inconsistently defined among ecologists. The 'torrent' habitat is usually characterized by variables such as slope, width and depth of a stream. But this set of variables is incomplete because both a steep, swift, narrow stream and a large tumultuous river on a flatter terrain can be understood as 'torrents'. Moreover, the slope of a stream, a key component of torrents description, is inconsistently measured among studies and scales [START_REF] Dubois | A case of possible vocal convergence between frogs and a bird in Himalayan torrents[END_REF][START_REF] Urbina-Cardona | Herpetofauna diversity and microenvironment correlates across a pasture-edge-interior ecotone in tropical rainforest fragments in the Los Tuxtlas Biosphere Reserve of Veracruz, Mexico[END_REF][START_REF] Keller | The importance of environmental heterogeneity for species diversity and assemblage structure in Bornean stream frogs[END_REF][START_REF] Ernst | Common ancestry or environmental trait filters: Cross-continental comparisons of trait-habitat relationships in tropical anuran amphibian assemblages[END_REF]. A torrent might then refer to different environmental constraints.

Correlatively, herpetologists inconsistently identified 'torrent frogs'. They use 'torrent frogs' as a common phrasing to define an ecological unit -or guild [START_REF] Simberloff | The Guild Concept and the Structure of Ecological Communities[END_REF] -comprising a group of anuran genera without necessarily direct phylogenetic relationships [START_REF] Lingnau | Vocalizations of the Brazilian torrent frog Hylodes heyeri (Anura: Hylodidae): Repertoire and influence of air temperature on advertisement call variation[END_REF][START_REF] Feng | Ultrasonic communication in concave-eared torrent frogs (Amolops tormotus)[END_REF][START_REF] Biju | Description of two new species of torrent frog, Amolops Cope (Anura: Ranidae) from a degrading forest in the northeast Indian state of Nagaland[END_REF]. The phrasing 'torrent frogs' designates animals that show morphological or behavioural traits thought to be adaptive to life (permanently or temporary) in fast flowing water (named torrents or not by ecologists). However, this ecological designation does not always relate to the genuine ecology of the species, as new species referred to 'torrent frog' genera are credited with a torrent dwelling ecology although their life history is largely unknown. The reverse can also be true, when an actual torrent dwelling frog species does not belong to one of the genera considered as torrent genera.

Then, which species shall we code as 'torrent-dwelling' if we want to study potential adaptations of frogs living in torrents? The coding step aims at not only conveying as accurately as possible observations but also helping to answer powerfully scientific questions. The ultimate goal here is to investigate whether frogs show acoustic adaptations to their habitats. We do not want to know what is a torrent per se but rather where do the species call and do they produce analogous vocalizations in similarly constraining environments [START_REF] Morton | Ecological Sources of Selection on Avian Sounds[END_REF][START_REF] Ey | The "acoustic adaptation hypothesis"-a review of the evidence from birds, anurans and mammals[END_REF].

Methods -Instead of coding habitats as coarse and ill-defined categories (e.g., a torrent or a forest), we recorded six ecological parameters at the exact calling sites of male frogs: depth, width, and average slope of the closest water body; air temperature; canopy coverage; ambient sound pressure level (SPL). We then contrasted two approaches using these parameters: one using directly the fine-grained characteristics; the other using categories derived from these finegrained characteristics. These categories were inferred using a hierarchical clustering analysis that allows grouping points (here the environmental conditions of a calling frog) according to their proximity in a Multiple Factorial Analysis space.

Results and discussion -We identified three frog guilds, including one that could be called a 'torrent' guild, and showed that the ecological parameter 'ambient noise' contributes largely to the characterization of these guilds (Goutte et al. 2013). We also showed that some species (including Odorrana schmackeri -the common name for Odorrana being 'torrent frogs') had individuals belonging to different guilds. This might either illustrate a variability of choice in calling post for these species or reflect marginal behaviours, or more simply suggest that the coarse categorization process does not reflect accurately the microhabitat of calling males.

In a second step, we tested whether the level of details in habitat characterization influenced how we interpret environmental constraints. We contrasted two coding options for calling sites ('fine scale' vs 'coarse type' codings) and compared the reconstructed history of calling site preferences. We showed differences suggesting that fine scale approaches are required. First, we showed that torrents fit neither with the "open" nor with the "closed" habitat categories, but present some constraints similar to both habitats. Second, even though both coding options are based on precise measurements (the "coarse types" were defined using precise measurements), they suggest different scenarios for the frog lineage Amolops. This implies diverging apprais-als on environmental constraints, and consequently on convergence and adaptation [START_REF] Patterson | Homology in classical and molecular biology[END_REF][START_REF] Wake | Homoplasy: The Result of Natural Selection, or Evidence of Design Limitations?[END_REF]. Our results illustrate that detailed habitat characterizations should always be preferred to categories to investigate the AAH (and probably much more other issues).

With a detailed coding, more than emphasizing the role of ambient noise in habitat description and identifying species that could be qualified of 'torrent-dwelling', we associated fine scale environmental variables to each singing frog individuals. We also showed that a fine-scale characterization of the environmental constraints is needed because it might induce different conclusions than with the less accurate categorization approach. We thus escaped from the first impediment of AAH studies: shortcomings in environmental constraints characterization. The second limitation concerns the way the phylogenetic history of species is considered, an issue addressed in the following section. (Goutte et al. 2016 -Evolution;Goutte et al. 2018 -Journal of Evolutionary Biology) Context -An adaptation to a given environment implies two important attributes: the adaptive character must be an evolutionary novelty and it must be somehow associated to the environment. The 'novelty' attribute can be assessed through Ancestral State Reconstructions (ASR; [START_REF] Grandcolas | Testing adaptation with phylogeny: how to account for phylogenetic pattern and selective value together[END_REF][START_REF] Glor | Phylogenetic Insights on Adaptive Radiation[END_REF], analyses inferring when a character state evolved and whether an evolutionary novelty co-occurred with a change in the environmental context. The 'association' attribute can be evaluated through correlation test and GLS models.

II.2.2. Acoustic Adaptation Hypothesis and 'modern' phylogenetic methods

For this, because species share a phylogenetic history and are thus dependent, methods accounting for phylogenetic non-independence of species must be used; this topic was introduced ca. 30 years ago and flourished lately with numerous modern methods proposed (e.g. [START_REF] Felsenstein | Phylogenies and the comparative method[END_REF][START_REF] Grafen | The phylogenetic regression[END_REF][START_REF] Hansen | Use and misuse of comparative methods in the study of adaptation[END_REF]. ASR and modern phylogenetic comparative approaches complement one another to address adaptation hypotheses.

In the AAH context, confounding factors need to be considered such as the body mass of the calling males and the temperature because several call properties are dependent of these variables (e.g., [START_REF] Ryan | The Role of Body Size, Phylogeny, and Ambient Noise in the Evolution of Bird Song[END_REF]. To characterize potential adaptations to a torrent-dwelling life, we looked for acoustic evolutionary novelties of torrent species, while controlling for phylogenetic and physiological/morphological factors.

Methods -The Brownian motion model (Felsenstein 1985b), commonly used for analyses of trait evolution, assumes that continuous characters could diverge indefinitely towards any value, which is generally not realistic for biological characters. The Ornstein-Uhlenbeck (OU) model corresponds to a Brownian motion process model with a stabilizing selection toward an optimum, denoted θ (Hansen & Martins 1996).

For each acoustic trait of frog vocalizations, we tested a series of models of evolution: a Brownian motion process model (BM) assuming no trend or constraint (null model), an OU model assuming a single optimum θ, and five OU models assuming two to three optima in the phylogeny. Models with multiple optima were defined according to biological hypotheses derived from the ancestral values estimation of calling site characteristics and previous hypotheses linking call features and environmental conditions [START_REF] Morton | Ecological Sources of Selection on Avian Sounds[END_REF][START_REF] Ryan | Selection on long-distance acoustic signals[END_REF][START_REF] Ey | The "acoustic adaptation hypothesis"-a review of the evidence from birds, anurans and mammals[END_REF][START_REF] Boonman | Evolution of high-frequency communication in frogs[END_REF]. They assume that extant taxa and ancestors belonging to the same "regime" are under the same evolutionary constraints.

We tested whether torrent-dwelling groups had optimal trait values different from those of non-torrent species, and if they all shared the same optimal trait values, or whether they exhibited different "strategies" evolving towards different optimal values. These analyses were performed while taking into account phylogenetic uncertainty and variance in parameter estimations.

Results and discussion -We reported that call spectral properties are correlated with habitat categories and ambient noise level, whereas temporal properties were not significantly correlated with habitat, noise level or canopy coverage. In other words, call spectral properties follow the predictions inferred from the AAH, but not the temporal properties (Figure 10). While considering body size and phylogenetic non-independence, call dominant frequency was strongly correlated with noise level, torrent-breeding species calling at higher frequencies than species calling in other habitats. Ranid species advertising in the noisy environment of fast flowing streams would thus escape noise masking with their higher pitched calls. Given that dominant frequency and noise level increased at the same evolutionary time [START_REF] Goutte | Environmental constraints and call evolution in torrent dwelling frogs[END_REF], this correlation is congruent with an adaptation hypothesis.

As expected from previous studies (e.g., [START_REF] Hoskin | Ecology and taxonomy-driven deviations in the frog call-body size relationship across the diverse Australian frog fauna[END_REF][START_REF] Gillooly | The energetic basis of acoustic communication[END_REF], we have shown that body size and air temperature are significantly correlated with some of the vocalization characteristics investigated. We have also reported the existence of a phylogenetic signal in the residuals of half of the models tested. The presence of a phylogenetic signal within frog calls has been debated in previous studies focusing on different clades (e.g., [START_REF] Cannatella | Phylogeny of frogs of the Physalaemus pustulosus species group, with an examination of data incongruence[END_REF][START_REF] Tobias | Evolution of advertisement calls in African clawed frogs[END_REF]contra Cocroft & Ryan 1995;[START_REF] Wollenberg | Molecular phylogeny of Malagasy reed frogs, Heterixalus, and the relative performance of bioacoustics and color-patterns for resolving their systematics[END_REF][START_REF] Gingras | Call acoustics reflect body size across four clades of anurans[END_REF]. It was also demonstrated how choices in acoustic character delimitation may alter the outcome of analyses of the phylogenetic signal (Robillard et al. 2006a;[START_REF] Goicoechea | Recovering phylogenetic signal from frog mating calls[END_REF]. The detection of a phylogenetic signal in frog vocalization thus appears to be group or method dependent and needs to be tested before being included in comparative analyses. Here, including phylogenetic relationships, body size and air temperature was statistically necessary in some, but not all, of the PGLS models. These results underline the importance of considering these confounding factors when studying potential adaptations in anuran vocalizations, and likely in other characters and taxa.

These mixed results demonstrate the need to consider multiple factors altogether when testing the Acoustic Adaptation Hypothesis. The task is not so much to continue testing the AAH, but rather to assess more comprehensively the extent to which the environment has shaped signal evolution. Signals evolve as an integrated element of a communication system in a complex environment and in a historical context. Environmental constraints exist but they are not necessarily the primary factor of signal evolution. A limited hearing range, for instance, or a marked preference for a given call feature in females may overrule environmental constraints on call evolution. In addition to the factors considered here, other factors should be integrated in the future such as the roles of (inter-or intra-) sexual selection, sensory and physiological limitations, and predation or heterospecific acoustic competition. the Acoustic Adaptation Hypothesis in torrent frogs (details in [START_REF] Goutte | Environmental constraints and call evolution in torrent dwelling frogs[END_REF]Goutte et al. , 2018)). Background: a fast-flowing stream in Philippines.

II. 3. More on coding: anticipating future studies

I have underlined the importance of the coding step in phylogenetic tests of evolutionary scenarios, a step that must be in mind at the very beginning of a given study and that must be conducted with care and details. This may sound obvious but it is not always carried out this way, especially at large taxonomic scale because obtaining detailed data for numerous taxa is very costly. Better coding becomes sometimes possible only due to technical advances so that a fine-scale coding was impossible earlier, but it is not always the case. The real challenge, then,

is to be able to do it properly in the earliest stage of any investigation, which would allow future studies to build on it instead of replicating it but in a better way. To allow studies to build on each other and speed up researches, data sharing must also be encouraged, a direction in prog- In this project, I aimed at i) acquiring morphological data as precisely as possible and ii) making them available for future studies. For the first aim, I will rely on recent advances in ontology. Despite a large quantity of data available about morphology in the literature, most of it is useless in their actual form.

ress

Morphological data easily interpreted and compared

across organisms is a current bottleneck that ontology aims at suppressing. Ontology helps reducing language discrepancies and favour future works. It can then be used as soon as the descriptive task in taxonomy [START_REF] Yoder | A gross anatomy ontology for Hymenoptera[END_REF][START_REF] Deans | Time to change how we describe biodiversity[END_REF][START_REF] Deans | Finding Our Way through Phenotypes[END_REF]. For the second aim, making data available, many progresses have been done lately with data portal such as Dryad for instance and I will rely on them. In the same line of reasoning, I have launched side-projects where data sharing is of prime importance, from Xper identification databases (with a M1 student and on my own) to institutional databases (as part of curation task -Jacim MNHN) or catalogues [START_REF] Roy | Catalogue of Dictyoptera from Syria and neighbouring countries (Lebanon, Turkey, Iraq and Jordan)[END_REF]Depraetere et al. in prep;Figure 11). 

III. new methodS for InterdIScIplInary

StudIeS In a tree-thInkIng paradIgm

I

ntegrative approaches, which are in vogue [START_REF] Wake | Integrative Biology: Science for the 21st Century[END_REF], have been named differently according to the authors, their criteria and their definition. They can be qualified of multi-, inter-or trans-disciplinary. This categorization actually hides a whole continuum wherein the degree of integration is one important parameter to differentiate them and increases from multi-to trans-disciplinarity. These integrative approaches must be clearly differentiated to avoid mixing different approaches, at the risk of losing their interests and becoming a 'trendy catchall' word [START_REF] Tress | Clarifying Integrative Research Concepts in Landscape Ecology[END_REF].

Regardless of the definition, integrative approaches are more than the mere juxtaposition of disciplines. They have a synergetic effect. Because of this quality, transdisciplinary fields of research were given birth: socioecology, ecomorphology, evo-devo; and now with all the progresses made in genomics, new fields of study emerge such as environmental genomics, phylogenomics and metagenomics to name a few [START_REF] Losos | Evolutionary biology for the 21st century[END_REF][START_REF] Wake | Integrative Biology: Science for the 21st Century[END_REF]). These fields do not simply sum the knowledge of their constituting fields but integrate this knowledge in a new direction, giving birth to new methods, new theories and concepts.

New issues, both conceptual and practical, emerge in integrative approaches [START_REF] Michener | Ecoinformatics: Supporting ecology as a data-intensive science[END_REF][START_REF] Losos | Evolutionary biology for the 21st century[END_REF] and they are even more challenging and rewarding than the degree of integration is high. This is also true in a tree-thinking paradigm, when phylogenetics merge with other disciplines. Real integrative approaches do not simply use a phylogenetic tree from the literature. This practice is fraught with danger, especially when tree users are not familiar enough with the tenant of phylogenetics. Indicentally, some authors have proposed, to limit this pitfall, guides to perform comparative analyses in ethology, ecology or physiology for instance [START_REF] Rezende | Phylogenetic analyses: comparing species to infer adaptations and physiological mechanisms[END_REF][START_REF] Roquet | Building megaphylogenies for macroecology: taking up the challenge[END_REF][START_REF] Pozzi | The Use (and Misuse) of Phylogenetic Trees in Comparative Behavioral Analyses[END_REF]. Instead, these approaches integrate the phylogenetic step sensu lato (i.e. from sampling to coding as well as both tree and post-tree reconstruction methods) within the complete experimental design. Then, new methods are often required because they are not always readily available to fit with the principles of the merged disciplines [START_REF] Wickson | Transdisciplinary research: characteristics, quandaries and quality[END_REF].

I illustrate below the integrative nature of my research, using two case studies on the evolution of social behaviour in Dictyoptera. They merge either ethological or developmental data with phylogenetics, and both required methodological developments.

III.1. Phylogeny and ethology

III.1.1 A hectic history

The study of the evolution of behaviour has been traditionally linked to Systematics (e.g., [START_REF] Ducke | Uber phylogenie und klassification der sozialen Vespiden[END_REF][START_REF] Petrunkevitch | The Value of Instinct as a Taxonomic Character in Spiders[END_REF][START_REF] Baerends | Comparative methods and the concept of homology in the study of behaviour[END_REF][START_REF] Hinde | The comparative study of species-specific behavior[END_REF][START_REF] Mayr | Behavior and Systematics[END_REF]. [START_REF] Lorenz | Comparative studies on the behaviour of Anatinae[END_REF] (1966). Well before Lorenz, as early as the beginning of the 20 th century, references to what would now be called behavioural homology were also published [START_REF] Heinroth | Beiträge zur Biologie, insbesondere Psychologie und Ethologie des Anatiden[END_REF][START_REF] Whitman | Animal Behaviour[END_REF]. The context for the study of evolution of behaviour was thus favourable.

At the beginning of the second part of the 20 th century, however, the situation reversed. The paper of [START_REF] Atz | The application of the idea of homology to behavior[END_REF] illustrated this change, Atz concluding "the application of the idea of homology to behaviour is operationally unsound and fraught with danger". This period was qualified as an eclipse of history in ethology [START_REF] Brooks | Phylogeny, ecology, and behavior: a research program in comparative biology[END_REF] because all previous works were disregarded. Fortunately, this eclipse stopped, notably with the work of [START_REF] Wenzel | Behavioral Homology and Phylogeny[END_REF] that re-stated that behaviour, like any other phenotypic character, can be studied in a phylogenetic framework, as soon as homology criteria are critically considered. This view seems now well-admitted (de [START_REF] De Queiroz | The usefulness of behavior for phylogeny estimation: levels of homoplasy in behavioral and morphological characters[END_REF][START_REF] Mclennan | The benefits of communication between comparative ethology and phylogenetic systematics: a case study studying gasterosteid fishes[END_REF][START_REF] Greene | Homology and behavioral repertoires. Homology: the hierarchical basis of comparative biology[END_REF][START_REF] Proctor | Behavioral characters and homoplasy: perception versus practice[END_REF][START_REF] Ryan | Phylogenetics and behavior: some cautions and expectations[END_REF][START_REF] Stuart | Using behavioral characters in phylogeny reconstruction[END_REF]Robillard et al. 2006b;[START_REF] Ord | Behavioral Phylogeny[END_REF][START_REF] Rendall | Homoplasy, homology, and the perceived special status of behavior in evolution[END_REF]Legendre et al. 2008a;[START_REF] Cap | Comportement et évolution: regards croisés[END_REF][START_REF] Pickett | Phylogenetic inference and the evolution of behavior[END_REF][START_REF] Deleporte | Biosystema: Systématique et comportement[END_REF][START_REF] Nattier | Evolution of acoustic communication in the Gomphocerinae (Orthoptera: Caelifera: Acrididae)[END_REF].

The challenge at hand now is not to answer whether behavioural data can be used in a phylogenetic context (yes, they can) or how homoplastic behavioural characters are (like other characters, it depends on the taxonomic scale, on the taxa, on the behaviours, etc.), but rather how behavioural data must be delimited to fit adequately within a phylogenetic study. Despite multiple warnings against characters too broadly defined [START_REF] Mickevich | Evolutionary character analysis : tracing character change on a cladogram[END_REF][START_REF] Proctor | Behavioral characters and homoplasy: perception versus practice[END_REF][START_REF] Luckow | Circularity and Independence in Phylogenetic Tests of Ecological Hypotheses[END_REF]Wcislo 1997a,b;[START_REF] Grandcolas | Phylogenetics and ecology: As many characters as possible should be included in the cladistic analysis[END_REF][START_REF] Grandcolas | The origin of a "true" worker caste in termites: phylogenetic evidence is not decisive[END_REF], 2004;[START_REF] Noll | Behavioral phylogeny of corbiculate Apidae (Hymenoptera; Apinae), with special reference to social behavior[END_REF][START_REF] Desutter-Grandcolas | Phylogeny and the evolution of calling songs in Gryllus (Insecta, Orthoptera, Gryllidae)[END_REF]Pellens et al. 2007; Cap et al. 2008;[START_REF] Goicoechea | Recovering phylogenetic signal from frog mating calls[END_REF], very few studies addressed this problem and broad classes remained used.

Today, studies in ethology are numerous but those inserting behavioural observations in a phylogenetic context remain too rare. [START_REF] Price | Where have all the trees gone? The declining use of phylogenies in animal behaviour journals[END_REF] urge behavioural journals and authors to use more phylogenies. Several reasons might be invoked to explain this lack (from topics to impact factor and 'traditions') but one reason might also be the lack of 'transversality' between disciplines (here ethology and phylogeny) because of a lack of methods.

III.1.2. Phylogenetic test of the evolution of sociality in cockroaches (Blaberidae) using behavioural sequences (Legendre et al. 2014 -Biological Journal of the Linnean Society)

Context -The evolution of behaviour is a long-standing theme of research. It is known as the 4 th question of [START_REF] Tinbergen | On aims and methods of ethology[END_REF] but it has been of interest much before. Comparative and phylogenetic studies are needed to investigate this large problematic and to answer general questions such as why are some species solitary while close relatives are social, or how did eusociality evolve? Answering these long-standing questions requires analysing behavioural data in a phylogenetic context. At first, isolated and stereotyped acts were a posteriori reconstructed on phylogenies, but this method has limitations. Two main problems exist and might induce non-optimal or, worse, misleading interpretations on behaviour evolution. First, most behavioural acts are not stereotyped. How can we expect better apprehending the evolution of behaviour in its wholeness if we ignore most behavioural interactions? Second, behavioural acts are not expressed in isolation but are context-dependent. Context-dependence is a common issue for ethologists (cf. character displacement) but it is neglected or only implicitly dealt with when it comes to phylogenetics.

With these limitations in mind, advances should be proposed and must satisfy premises of both disciplines (i.e. ethology and phylogeny) to allow relevant analyses of behaviour evolution using phylogenies. Applied to cockroaches, this process enabled us investigating behavioural changes associated to changes in social systems. For instance, the shifts from gregariousness to solitariness or subsociality imply the loss or gain of key features ('tolerance to conspecifics' and 'parental care', respectively) and related behaviours [START_REF] Wilson | The insect societies[END_REF]. In this context, we would expect either numerous behavioural changes concomitant to these shifts in social systems or at least a few but highly significant behavioural changes in species interactions. Moreover, given that it is often claimed that environmental conditions strongly influence the evolution of social systems [START_REF] Jarman | The social organisation of antelope in relation to their ecology[END_REF][START_REF] Slobodchikoff | Resources and the evolution of social behavior[END_REF][START_REF] Gautier | Relationships between ecology and social behavior in cockroaches[END_REF][START_REF] Slobodchikoff | Ecological trade-offs and social behavior[END_REF][START_REF] Velicer | Loss of social behaviors by myxococcus xanthus during evolution in an unstructured habitat[END_REF][START_REF] Foley | The ecology of social transitions in human evolution[END_REF][START_REF] Hatchwell | The evolution of cooperative breeding in birds: kinship, dispersal and life history[END_REF][START_REF] Kaplan | The evolutionary and ecological roots of human social organization[END_REF], we also tracked behavioural changes with regard to habitats. In this 'habitat' hypothesis, major behavioural changes would be expected when a shift in habitat occurs.

Methods -Instead of working on isolated stereotyped acts, we proposed a method working on successive acts in a social interaction context (i.e. not stereotyped). We named it the successive event-pairing method (Legendre et al. 2008a), with reference to the event-pairing method developed for ontogenetic data [START_REF] Smith | Comparative patterns of craniofacial development in Eutherian and Metatherian mammals[END_REF][START_REF] Velhagen | Analyzing developmental sequences using sequence units[END_REF] -see section III.2.1). The successive event-pairing method considers successive behavioural acts and so is context-dependent, satisfying a condition of studies in ethology. In addition, it allows to better following homology criteria, satisfying a condition of studies in phylogenetics. After defining the method and using it on an illustrative taxonomic sample, we used it on a larger sample to investigate the evolution of social behaviour in blaberid cockroaches.

Results and discussion -Even applied to a larger taxonomic sample, the methods remain operational and efficient. Non-stereotyped behavioural data coded with this method bring a substantial phylogenetic support to tree reconstruction and this type of data is not found more homoplastic than traditional characters (i.e. morphology and molecules).

More interestingly, we brought new insights into the evolution of social behaviour in these insects.

First, the solitary species (Thanatophyllum akinetum [START_REF] Grandcolas | Descriptions de nouvelles Zetoborinae Guyanaises avec quelques remarques sur la sous-famille[END_REF] does not have a very peculiar behavioural repertoire. It does not exhibit more aggressive behaviours and does not have more behavioural autapomorphies than expected by chance (Figure 13). Therefore, T. akinetum has not evolved solitary habits by deeply changing its behaviour. A closer look at the behavioural sequences of this species revealed that individuals do not refuse interactions, but they do not look for them either. Thus, solitariness would be explained by a simple lack of intraspecific attraction, except for reproduction purposes. In the field, individuals disperse away immediately after hatching so that conspecific interactions are rare, as already suggested by a 2-month field study [START_REF] Grandcolas | Habitats of solitary and gregarious species in the Neotropical Zetoborinae (Insecta, Blattaria). Stud. Neotrop[END_REF]. Given such dispersal habits, behavioural acts favouring social interactions are probably not expressed in the field and hence would not be submitted to strong selection. In other words, they cannot be counter-selected, if we consider that the cost of their cognitive maintenance is insignificant. Such evolution of solitariness would fit the notion of phylogenetic inertia because solitariness did not come with numerous or outstanding behavioural changes.

Second, the subsocial species Parasphaeria boleiriana [START_REF] Grandcolas | A new species of the cockroach genus Parasphaeria (Dictyoptera : Blattaria : Blaberidae) from the Atlantic forest in Brazil[END_REF] behaviourally the most autapomorphic of all species studied. The occurrence of such a high number of autapomorphies fits a model of evolution where a change in social system comes with numerous changes in social interactions. These behavioural changes could also result from using a very peculiar habitat (galleries in dead wood) because it is the only wood-eating and wood-living species behaviourally studied so far in this group.

A careful integration of behavioural data in phylogenetics allowed us investigating the evolution of social systems with regard to phylogenetic history and habitats. These two factors remind two of the three main categories of factors emphasized by Gould in its aptive triangle derived form Seilacher's work [START_REF] Seilacher | Arbeitskonzept zur Konstruktions-Morphologie[END_REF][START_REF] Gould | The Structure of Evolutionary Theory[END_REF]: history and ecology. The third apex of the aptive triangle refers to structures. Indeed morphology is also an important component that must be analysed in depth, has suggested earlier (Legendre et al. 2015a; see section IV.2. for future directions). 

III.2. Phylogeny and development

III.2.1. History and methods

Well before "Ontogeny and phylogeny", a hallmark work of S.J. [START_REF] Gould | Ontogeny and Phylogeny[END_REF], developmental observations were linked to evolution or later revised in the light of the evolutionary theory as the famous Haeckel's biogenetic law (1866 in [START_REF] Gould | The Structure of Evolutionary Theory[END_REF]. Later, works on allometry or heterochrony (e.g., D'Arcy [START_REF] Thompson | On Growth and Form[END_REF][START_REF] Beer | Embryology and Evolution[END_REF] were provided and have stimulated numerous research programs. Today, the field of evo-devo is vivid and illustrates the strong link between development and phylogeny.

One of the challenges in using developmental sequences in a phylogenetic framework has been the lack of computational tools to adequately deal with the data. Recent advances have resulted in more powerful phylogenetic tools, developed largely for the analysis of DNA sequence data [START_REF] Thompson | CLUSTAL W : improving the sensitivity of progressive multiple sequence alignment through sequence weighting, positions-specific gap penalties and weight matrix choice[END_REF][START_REF] Wheeler | Optimization alignment: the end of multiple sequence alignments in phylogenetics? Cladistics[END_REF][START_REF] Edgar | MUSCLE: multiple sequence alignment with high accuracy and high throughput[END_REF]) and developmental or behavioural sequences [START_REF] Smith | Comparative patterns of craniofacial development in Eutherian and Metatherian mammals[END_REF][START_REF] Velhagen | Analyzing developmental sequences using sequence units[END_REF][START_REF] Abbott | Sequence analysis and optimal matching methods in sociology: review and prospect[END_REF]Bininda-Edmonds et al. 2002;[START_REF] Jeffery | Analyzing developmental sequences within a phylogenetic framework[END_REF][START_REF] Jeffery | A new technique for identifying sequence heterochrony[END_REF][START_REF] Hay | Mining navigation patterns using a sequence alignment method[END_REF][START_REF] Schulmeister | Comparative and phylogenetic analysis of developmental sequences[END_REF]Robillard et al. 2006b;Legendre et al. 2008a). [START_REF] Smith | Comparative patterns of craniofacial development in Eutherian and Metatherian mammals[END_REF] and [START_REF] Velhagen | Analyzing developmental sequences using sequence units[END_REF] concomitantly proposed an "event-pairing" method to compare developmental sequences. But this method, which partitions developmental sequences in paired events, suffers from strong methodological inconsistencies and can lead to erroneous results when it comes to phylogenetic tree reconstruction or optimization of hypothetical ancestors [START_REF] Schulmeister | Comparative and phylogenetic analysis of developmental sequences[END_REF]). [START_REF] Schulmeister | Comparative and phylogenetic analysis of developmental sequences[END_REF] showed that entire developmental sequences could be used instead of paired events and proposed to analyse them as a single character (i.e. one developmental sequence is treated as a single multistate character in a search-based optimization procedure [START_REF] Wheeler | Iterative pass optimization of sequence data[END_REF]. This method necessitates, however, a pool of predetermined developmental sequences to reconstruct hypothetical ancestral sequences, and thus requires untestable assumptions. Hence, no adequate tool was available, which is why we proposed a new method, inspired from the use of nucleotide sequences in phylogenetics (Legendre et al. 2013).

III.2.2. Phylogenetic test of the evolution of sterile castes in termites using post-embryonic sequences (Legendre et al. 2013 -Evolution and Development) Context -The evolution of complex and integrated social systems, Darwin's "special difficulty" [START_REF] Darwin | On the Origin of Species by Means of Natural Selection, or Preservation of Favored Races in the Struggle for Life[END_REF], triggered many concepts from inclusive fitness to altruism or group-level selection (e.g., [START_REF] Hamilton | The genetical evolution of social behaviour. I and II[END_REF][START_REF] Wilson | The insect societies[END_REF][START_REF] Okasha | Maynard Smith on the levels of selection question[END_REF][START_REF] Jablonski | Species Selection: Theory and Data[END_REF], but it still challenges modern evolutionary biologists (e.g., [START_REF] Nowak | The evolution of eusociality[END_REF][START_REF] Nonacs | Kinship, greenbeards, and runaway social selection in the evolution of social insect cooperation[END_REF][START_REF] Rousset | Much ado about nothing: Nowak et al.'s charge against inclusive fitness theory[END_REF][START_REF] Johnstone | Sex-biased dispersal, haplodiploidy and the evolution of helping in social insects[END_REF]. How could sterile individuals, which are incapable of reproducing, have possibly evolved? How could they evolve independently in different lineages [START_REF] Duffy | Kin structure, ecology and the evolution of social organization in shrimp: a comparative analysis[END_REF])? How does one explain the evolution of sociality in diploid organisms [START_REF] Costa | The other insect societies[END_REF], given that the relatedness component of Hamilton's hypothesis does not play as strong a role as in haplodiploid organisms? Even though several studies have conceptually addressed the evolutionary origin of sterile caste in insects (e.g., [START_REF] Bartz | Evolution of eusociality in termites[END_REF][START_REF] Roisin | Intragroup conflicts and the evolution of sterile castes in termites[END_REF][START_REF] Boomsma | Lifetime monogamy and the evolution of eusociality[END_REF]; see Howard & Thorne 2011 for a recent review), the origin of these castes is not yet clear.

The evolution of eusociality, studied in a phylogenetic framework, could bring substantial insights, but progresses have been hampered by one main reason linked to character delimitation: Like for behaviour, broad social categories, instead of fine-grained characters, were used (see section II.2). In other words, coarsely defined castes were used instead of developmental trajectories. Yet, considering that "true" workers in Mastotermitidae -which do not develop before the seventh instar -may not be homologous to "true" workers in Termitidae -which can develop as soon as the third instar -seems relevant (see also [START_REF] Bourguignon | Developmental pathways of Psammotermes hybostoma (Isoptera: Rhinotermitidae): old pseudergates make up a new sterile caste[END_REF] about worker caste definition in Psammotermes hybostoma [START_REF] Desneux | Termites du Sahara algérien recueillis par M. le professeur Lameere[END_REF]. Similarly, the caste 'pseudergates' raises questions. As advocated recently [START_REF] Korb | Life history and development -a framework for understanding developmental plasticity in lower termites[END_REF][START_REF] Roisin | Social Organisation and the Status of Workers in Termites[END_REF], the original definition of pseudergate is impractical and does not accurately characterize the instars of Prorhinotermes, Termitogeton or Glossotermes species, so these authors proposed a broader definition, pseudergates sensu lato, which includes both larval and nymphal instars. However, combining larvae and nymphs into a single category may also result in non-homologous states.

In termites, while the developmental pathways leading to sterile castes are well known in many species, these pathways have yet to be thoroughly analysed from a phylogenetic standpoint (see [START_REF] Korb | Life history and development -a framework for understanding developmental plasticity in lower termites[END_REF][START_REF] Nalepa | Altricial development in subsocial cockroach ancestors: foundation for the evolution of phenotypic plasticity in termites[END_REF] for attempts in this direction). One major hurdle was the inadequate methods available. We thus proposed a new method (Legendre et al. 2013) emphasizing the analogy between developmental sequences and molecular sequences.

Methods -Our method rests on the analogy between developmental sequences and molecular sequences and thus satisfies the prerequisites for using developmental data in a phylogenetic context. Just as DNA sequences are successions of nucleotides whose positional homology relative to another sequence is uncertain, post-embryonic developmental sequences are successions of instars or stages whose homology to stages in other species is uncertain. Using static and dynamic alignment tools classically used for nucleotide sequences was, however, not possible straightforwardly. It was especially true in a dynamic homology context so that we engaged in collaboration with developers of the software POY, implementing dynamic homology for more than four state characters. Indeed, we identified up to eight stages (and so eight character states) in termites developmental sequences: egg, larva, nymph, pre-soldier, soldier, alate, pseudergates and "true" workers.

In addition, to better understand sterile caste evolution -and so of altruism evolution -this method allows investigating the evolution of developmental sequences and of polymorphism, not only of developmental stages. We used existing reconciliation methods, used for host/parasite, gene/organism or organism/area associations, but developed the conceptual framework needed to interpret organism/ontogeny association.

To get a phylogenetic reference, we used the sample from one of our previous work (Legendre et al. 2008), whose taxonomic representativeness has been assessed independently [START_REF] Plazzi | Phylogenetic representativeness: a new method for evaluating taxon sampling in evolutionary studies[END_REF]. However, for the question at hand, it was important to add a key taxon in terms of caste and developmental pathway evolution, viz. Glossotermes oculatus [START_REF] Emerson | Five New Genera of Termites from South America and Madagascar (Isoptera, Rhinotermitidae, Termitidae)[END_REF] Results and discussion -By analysing entire developmental sequences instead of mapping binary characters, we developed a more detailed pattern of caste evolution than in previous studies. Whereas it was impossible with binary characters to reconstruct an unambiguous scenario for the evolution of the "true" worker caste [START_REF] Thompson | Phylogenetic evidence for a single, ancestral origin of a "true" worker caste in termites[END_REF][START_REF] Thompson | On the origin of termite workers: weighing up the phylogenetic evidence[END_REF][START_REF] Grandcolas | The origin of a "true" worker caste in termites: phylogenetic evidence is not decisive[END_REF], 2004;Inward et al. 2007b), we showed with this new approach that "true" workers, i.e. individuals belonging to a very specialized caste involving altruism, evolved multiple times in termites (from two to four independent origins). For pseudergates, results are less straightforward as both a single origin and multiple origins are still postulated according to the analyses. The latter hypothesis with convergent origins is congruent with Parmentier & Roisin's work (2003), which emphasized the developmental differences between Termitogeton planus [START_REF] Haviland | Observation on Termites, with Descriptions of New Species[END_REF] on one hand, and Kalotermitidae and Termopsidae on the other hand. These differences would be explained by different evolutionary origins and through different developmental processes, a conclusion that would have been impossible to reach if binary characters had been used.

Additionally, reconciliation analyses suggest that the developmental data set has a strong phylogenetic signal and that developmental plasticity is not an ancestral feature to termites but evolved convergently in different lineages (e.g., Kalotermitidae, Prorhinotermes). Thus, our results mostly confirm Noirot's hypothesis (1985a,b -multiple origins of the "true" worker caste, ancestral high flexibility and linear-like pathway), with multiple origins of a "true" worker caste in termites, which would have evolved from an ancestor with a weakly flexible and linear developmental pathway. Our results about ancestral flexibility are, however, more congruent with Watson & Sewell's hypothesis (1985 -a single origin, ancestral medium flexibility and bifurcated pathway; Figure 14). High flexibility would have been acquired convergently mostly in Kalotermitidae, Termopsidae, and (Termitogeton + Serritermitidae + Prorhinotermes), three lineages in which species do not build "true" nests but live within their relatively ephemeral food source, the dead wood. Once their food is almost consumed, some individuals (alates) need to disperse to ensure colony survival, selecting therefore for a high flexibility and a late timing of differentiation.

While we are still puzzled by the underlying processes responsible for sterile caste evolution in diploid organisms under natural selection, the phylogenetic analysis of developmental sequences reveals that such a Darwinian paradox occurred repeatedly in termites. These results will help identify new model termite species for evo-devo studies, which is pivotal for any major advances in the field [START_REF] Jenner | The choice of model organisms in evo-devo[END_REF]. For instance, Hodotermes mossambicus (Ha-gen, 1853), with its convergent "true" workers origin and timing of differentiation, appears as an adequate taxon to compare with Termitidae species. Similarly, Prorhinotermes canalifrons [START_REF] Sjöstedt | Monographie der Termiten Afrikas[END_REF] should be a valuable model species to start with on pseudergate evolution and to compare to Kalotermitidae species. In addition, we show here that obligatory sterile castes do not appear necessarily as an evolutionary dead-end, with transitions from "true" worker to pseudergate, contradicting Cope's rule of specialization (1896). These results reveal that caste and developmental pathway evolution in termites is versatile. By definition, integrative or multi-disciplinary approaches imply knowledge and skills from different fields. All these skills can hardly been mastered by a single person, or at least not so rapidly and so efficiently than when shared between different persons. This is why collaborative work is so essential and so rewarding. I realized it at the beginning of my career, when, during my PhD project, I interacted with a bioinformatician about dynamic optimization of characters with more than four states. I am grateful for this opportunity that contributed to make me aware of the importance of cross-field discussions early in my career.

I have benefited from collaborators, being either close or international colleagues or students in different research areas from ethology or ecology to bioinformatics and modern comparative and phylogenetic methods. The latter are particularly powerful and constitute an important research and teaching direction. I have learned on these methods mainly from mentoring students (PhD and M2 students) and I want to increase this knowledge for my own sake and for colleagues and students. In this regard, two directions are considered: an informal transversal axis within the UMR 7205 ISYEB and a course in M2 EBE mention SEP. I think that both tree-thinking and modern phylogenetic and comparative methods should be taught as early as possible in university courses in systematics and evolution.

Iv. perSpectIveS M y research highlighted that special care is needed when a phylogenetic test of evolutionary scenario is conducted and that it must be considered from the very beginning of a project. One can be satisfied with 'merely' producing phylogenetic trees or using trees produced elsewhere but, most of the time, it does not allow conducting phylogenetic tests as powerfully as desired. It is even more striking in multi-disciplinary approaches, when prerequisites of the different disciplines do not perfectly match.

In the next few years, I plan to pursue improving the experimental design of phylogenetic tests of evolutionary scenarios, while extending the research questions addressed to embrace an integrative view of the evolution of organisms. But, because modern phylogenetic comparative methods (MPCM) multiply rapidly, and because I value confronting ideas, parts of my projects will require strengthening and developing collaborations, as well as increasing students mentoring.

I will develop two research directions, one with a strong ecomorphological dimension, the other included in a geographic context. I will tackle two broad evolutionary questions: 1) how species adapt to their environment; 2) what is the tempo of diversification of New Caledonian biota? These projects rely on some perspectives mentioned earlier, related to morphology coding and collaboration, or natural history collections for instance, respectively. In addition, because an evolutionary test relying on phylogenetic trees is worth the quality of the phylogenetic pattern, the first task will be to strengthen the phylogenetic hypotheses in each case.

IV.1. Sampling, taxonomy and natural history collections I will rely on two main directions to improve the reconstructed phylogenetic trees. First, I will continue developing new-targeted molecular markers, a task recently initiated through the works of one Master 2 student and one post-doctoral fellow (NSF grant). With signal analyses and Next Generation Sequencing technologies, especially exon capture, we will increase spectacularly the number of informative characters used to reconstruct trees and produce more reliable phylogenetic hypotheses. Second, I will develop collaborations around fossil taxa. In addition to new morphological characters to be analysed in a phylogenetic context, fossils are the best option to calibrate trees and obtain chronograms. For this, I will put tip-dating strategies in practice, instead of node-dating. Morphological characters will be critically needed in the future (e.g., [START_REF] Jenner | Accepting Partnership by Submission? Morphological Phylogenetics in a Molecular Millennium[END_REF][START_REF] Wiens | The Role of Morphological Data in Phylogeny Reconstruction The Role of Morphological Data in Phylogeny Reconstruction[END_REF][START_REF] Smith | Morphology's Role in Phylogeny Reconstruction: Perspectives from Paleontology[END_REF][START_REF] Yassin | Phylogenetic classification of the Drosophilidae Rondani (Diptera): The role of morphology in the postgenomic era[END_REF][START_REF] Pyron | Post-molecular systematics and the future of phylogenetics[END_REF][START_REF] Wanninger | Morphology is dead -long live morphology! Integrating MorphoEvoDevo into molecular EvoDevo and phylogenomics[END_REF][START_REF] Wipfler | A review of methods for analysing insect structures -the role of morphology in the age of phylogenomics[END_REF] and it is now time for me to engage in this process and benefit from the experience of my teammates.

In complement, to improve taxonomic coverage and limit taxonomic bias, two recurrent problems in the study of biodiversity, I will reinforce the link between natural history collections and research issues. We sit on an exceptional amount of data that remains underexploited despite the great advances it can produce. I expect two major outcomes, the first one being the possibility to use MPCM more robustly as they have been proved sensitive to taxonomic sampling. The second one is an increase in taxonomic activity, which is not as high as I would like but I am in the right team to be galvanized about it. This taxonomic activity will continue to be nurtured by fieldwork, which is also an endless opportunity to learn more about organisms, observe new behaviours, discover habitats and so on. As [START_REF] Losos | Evolutionary biology for the 21st century[END_REF] put it, "the importance of natural history data cannot be overemphasized". Thus, taxonomy, fieldwork and natural history collections are activities transversal to my research and will keep nurturing ongoing and future projects. In these projects, data sharing occupies a growing place and I hope it will feed other projects I am involved with or not.

IV.2. How species adapt to their environment?

While global changes are affecting biodiversity heavily, we still suffer from a lack of knowledge about how species adapt to their environment and diversify. A better understanding of the mechanisms behind species adaptation and diversification is therefore pivotal. Important insights can be gained from the study of phenotypic convergence, when similar traits evolved independently due to similar selective pressures.

The notion of convergence is so tightly linked to the concept of adaptation that they have often been confused. But all authors agree that under strong environmental constraints, organisms may share similarly optimized solutions: adaptive convergence. Studying adaptive con-vergence enables us to understand how species adapt to their environment, at what pace they do so, and to identify 'key' adaptive characters.

Combining phylogenetic models of adaptive evolution, diversification models and morphometry, I aim at testing whether i) similar microhabitats have driven the evolution of similar phenotypes and ii) specialized 'key' phenotypic innovations were related to changes in speciation/extinction rates. For the latter, I will capitalize on a recent collaboration in which we investigated the role of eusociality as a key character supporting species diversification in Dictyoptera (Legendre & Condamine in press; Figure 15). This project, which involves new collaborators, has been submitted to the Agence Nationale de la Recherche. IV.3. Origin and diversification of organisms in a biodiversity hotspot: New Caledonia Biodiversity hotspots have been defined as areas with exceptional concentrations of endemic and threatened species [START_REF] Myers | Biodiversity hotspots for conservation priorities[END_REF][START_REF] Bellard | Vulnerability of biodiversity hotspots to global change[END_REF]. In these regions, the study of biodiversity is particularly urgent if one wants to understand its composition, its origin and the services it provides to humans.

New Caledonia is a tropical hotspot of biodiversity with high rates of regional and local endemism [START_REF] Caesar | Outstanding micro-endemism in New Caledonia : More than one out of ten animal species have a very restricted distribution range[END_REF]; Figure 16). The origin of this endemism has been traditionally attributed to the Gondwanan origin of the territory. A vicariant origin of the New Caledonian biota is however in contradiction with the general submersion of the territory 37 Myr ago, after the breakup of Gondwana.

Lately, most studies found that, for diverse groups, New Caledonian biota originated after the general submersion of the island, thus favouring dispersal events (Nattier et al. 2017).

However, studies too often focused on relatively recent clades, whereas concentrating on old clades would be more profitable. I therefore plan to use the cockroach family Blattidae, a >150 Myr old clade, to investigate the origin of New Caledonian biodiversity and its tempo of diversification.

Besides, because we lack knowledge on geographical distribution for most species (what has been called the Wallacean shortfall; Lomolino 2004), biogeographic scenarios are often incomplete or misleading. Natural History Collections (NHC) can help reducing the Wallacean shortfall though, and I plan using them on Blattidae to refine species distributions that will then be used in biogeographic studies. Indeed, NHC comprise useful information beyond the specimens per se (i.e. information written on labels). Building on the wealth of information contained in NHC, I initiated the reScue project (funds: Action Transversale du Museum and Synthesys). The reScue project aims at using NHC to investigate biogeographic scenarios. It uses the geographic data reported on specimen labels to overcome the current lack of knowledge about the geographical distribution of species. This shortfall prevents from performing accurate inferences in evolution and ecology (e.g., biogeographic scenario, delimitation of priority conservation areas). Ultimately, this project needs a phylogenetic hypothesis to reconstruct the most likely biogeographic scenario for species whose distributions have been better estimated thanks to NHC and niche-modeling procedures.
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 11 Figure 1. Brief overview of the experimental design followed when investigating mate localisation in Tylopelta giberra (Insecta: Hemiptera). Left: an adult and a nymph of Tylopelta giberra photographed in Missouri; Right: Oscillograms and spectrograms -note the possible masking signal; Background: part of the experimental design (laser vibrometry).
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 2 Figure 2. The Orthopterist File Online (consulted on the 02-16-2018).

Question:Figure 3 .

 3 Figure 3. Phylogenetic design underlining the sampling step to test the OSF-derived classification system. Figures, table andbackground

  background from Chintauan-Marquier et al. (2016).
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 2 Analytical sampling of fossil evidence: phylogenetic test of the timing of diversification in Dictyoptera (Legendre et al. 2015b -PLoS)
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 4 Figure 4. A "roachoid" fossil with an external ovipositor (Grimaldi & Engel 2005).

  cord (i.e. oldest record at the Jurassic/Cretaceous transition;[START_REF] Krishna | Treatise on the Isoptera of the world[END_REF][START_REF] Nel | Les Isoptera fossiles. Etat actuel des connaissances, implications paléoécologiques et paléoclimatologiques[END_REF][START_REF] Vršanský | Termites (Isoptera) from the Jurassic/Cretaceous boundary: Evidence for the longevity of their earliest genera[END_REF]). Nevertheless, a few controversial fossil nesting traces would indicate that they are at least 50 Myr older (i.e. Jurassic or even Late Triassic;Bordy et al. 2004[START_REF] Bordy | Possible trace fossils of putative termite origin in the Lower Jurassic (Karoo Supergroup) of South Africa and Lesotho[END_REF][START_REF] Bumby | Termite nests and associated architecture in the lower jurassic clarens formation: questions regarding their provenance[END_REF][START_REF] Hasiotis | Termite (Insecta: Isoptera) nest ichnofossils from the upper triassic chinle formation, petrified forest national park, Arizona[END_REF][START_REF] Tanner | Trace Fossils in Eolian Facies of the Upper Triassic-Lower Jurassic Dinosaur Canyon Member, Moenave Formation[END_REF]; Figure5).

Figure 5 .

 5 Figure 5. Timeline for Dictyoptera. Dashed lines refer to controversial fossils (Phylopic.org; credit: Melissa Broussard).

Question:Figure 6 .

 6 Figure 6. Phylogenetic design pinpointing the fossil sampling step and calibration options while testing for the tempo of evolution in Dictyoptera. Background: circular Dictyopteran tree including ca. 800 taxa.

  PhD thesis of Julien Troudet, about biodiversity data occurrences and biodiversity patterns, was an opportunity to engage in larger scale thoughts about taxonomic sampling in the study of biodiversity, a major concern in the current crisis of biodiversity. Using >600 million GBIF mediated data, we investigated taxonomic bias in primary biodiversity data. Taxonomic bias, although know for a long time as well as its negative consequences, is still conspicuous in biodiversity data (Figure

Figure 7 .

 7 Figure 7. Taxonomic bias in biodiversity data. Green and red bars show the classes that are over-and under-represented in the GBIF mediated database compared to a 'ideal' sampling, as defined in Troudet et al. (2017).

Figure 8 .

 8 Figure 8. Split network of the 12S marker used in Blaberidae phylogenetics (Thouzé 2016). This figure illustrates conflicts existing in a phylogenetic marker.

  Figures 7,9). Yet, from fundamental to applied research dealing with conservation issues, taxonomic bias is harmful because it hampers any generalization (Hortal et al. 2015); 4) Despite recent and fruitful developments in

Figure 9 .

 9 Figure 9. Evolution over time of taxonomic bias. The larger the circle, the higher the deviation from the ideal sampling as defined in Troudet et al. (2017). Although known for a long time, taxonomic bias is still pervasive in biodiversity studies, including about convergence evolution.

Figure 10 .

 10 Figure 10. Phylogenetic design illustrating the importance of character delimitation when testing for

  but still facing hurdles[START_REF] Reichman | Challenges and opportunities of open data in ecology[END_REF][START_REF] Duke | The Ethics of Data Sharing and Reuse in Biology[END_REF].I have developed a project on ecomorphology and convergence evolution in Blaberidae cockroaches (more details in section IV.2.) that comes within this scope. This project builds on previous works allowing advances in our understanding of Blaberidae phylogenetics and behaviour(Legendre et al. 2015a(Legendre et al. , 2017) ) but still requiring significant advances in the morphology part. Previous works in taxonomy might help, but they are not sufficient because they did not necessarily emphasize on characters pertinent for this project.
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 11 Figure 11. Digitization of type specimens in Dictyoptera through the e-ReColNat project (https://science.mnhn.fr).

  performed a comparative ethological study of Anatidae birds and produced a famous figure (Figure 12) perceived as an early cladistic study, twenty years before Hennig

Figure 12 .

 12 Figure 12. Comparative studies of motor patterns in Anatidae (Lorenz 1951). Species are represented by numbers while characters (i.e. motor patterns) are represented by abbreviations. Horizontal lines represent characters common to different species.

Figure 13 .

 13 Figure 13. Phylogenetic design highlighting the development of a new method and the care in character delimitation to investigate behaviour evolution in Blaberidae cockroaches. The picture shows a female of Thanatophyllum akinetum collected in a French Guianan forest (background).

Figure 14 .

 14 Figure 14. Phylogenetic design highlighting the development of a new method and the use of developmental sequences to investigate caste evolution in termites (details in Legendre et al. 2013). Background: a colony unearthed in New-Caledonia.

Figure 15 .

 15 Figure 15. Diversification and eusociality in termites. A set of analyses suggests that eusociality acted as a key innovation that triggered termite diversification. Details in Legendre & Condamine (in press).
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 16 Figure 16. Specimens of Angustonicus Grancolas, 1997 (left) and Pellucidonicus Grandcolas, 1997 (right), two genera endemic of New Caledonia.

  Classification of living beings. Guest lecture in Paul Eluard Middle School, Montreuil (France) 2009 New Caledonia. 2010. Rapid Assessment Program (Conservation International) on Mount Panié. In charge of Orthopteroïd Insects. Indonesia. 2010. Study of cockroach communities with emphasis on Perisphaerus sp. (Blaberidae: Perisphaeriinae). Singapore. 2009. Collect of cockroaches with a special emphasis on the subsocial species Perisphaerus flexicollis (Blaberidae: Perisphaeriinae). United States. 2008. Field observations and collect of Tylopelta sp. (Hemiptera: Membracidae) in Missouri. French Guyana. 2006. Study of cockroach communities on Kaw Mountain with emphasis on Blaberinae and Zetoborinae (Blaberidae).
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Abstract

In evolutionary biology, phylogenetic trees serve to study a multitude of evolutionary questions, a practice commonly refered to "phylogenetic tests of evolutionary scenarios". These tests, to be as convincing as possible, must rely on clear hypotheses, robust phylogenetic trees and sound protocols (i.e. the phylogenetic design). Although known and obvious, these conditions are not always satisfied because phylogenetics was not initially developed in the rich context it thrives in now. My research agenda aims at meeting these conditions when testing evolutionary questions, from classification issues or social behaviour evolution to the tempo of diversification of organisms and their adaptations. I try to craft phylogenetic tests as carefully as possible, paying special attention to taxonomic sampling and character delimitation. I also engage in interdisciplinary studies, challenging and rewarding enterprises, that may require methodological developments to satisfy the foundations of each discipline involved.

Résumé

En biologie de l'évolution, les arbres phylogénétiques sont utilisés pour répondre à d'innombrables questionnements; on parle alors de tests phylogénétiques de scénario d'évolution. Ces tests sont d'autant plus convaincants qu'ils reposent sur des hypothèses clairement formulées, des phylogénies robustes et de solides protocoles expérimentaux (i.e. phylogenetic design).

Bien qu'évidentes et connues, ces conditions ne sont pas toujours respectées, la discipline phylogénétique n'ayant pas été initialement développée dans un contexte aussi riche et varié que celui dans lequel elle est utilisée aujourd'hui. Mon programme de recherche vise à respecter chacune de ces conditions lors de tests de scénario d'évolution, portant aussi bien sur la classification des êtres vivants, l'évolution du comportement social, ou bien la dynamique de diversification des organismes et leurs adaptations. J'essaie d'élaborer des tests phylogénétiques aussi soigneusement que possible, en insistant sur les étapes d'échantillonnage et de délimitation des caractères. Je développe également des études inter-disciplinaires, défis stimulants et enrichissants, qui nécessitent parfois de développer de nouvelles méthodes respectant les fondements de chacune des disciplines impliquées.