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Phylogeny and Evolution of a Highly Diversified Catfish Subfamily: the Loricariinae (Siluriformes, Loricariidae)
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Phylogénie et évolution d'une sous-famille très diversifiée de poissons-chats: les Loricariinae (Siluriformes, Loricariidae). Les Loricariinae appartiennent à la famille des poissons-chats néotropicaux cuirassés Loricariidae, la famille de poissons-chats la plus riche en espèce au monde, et se caractérisent par un pédoncule caudal long et aplati et par l'absence de nageoire adipeuse. Préalablement aux études évolutives réalisées, une phylogénie exhaustive et robuste a été établie sur la base de données mitochondriales et nucléaires. Cette phylogénie a ensuite été utilisée dans des analyses multivariées et multi-tableaux afin de révéler les principales tendances évolutives de la sous-famille. La phylogénie obtenue indique que la tribu Harttiini forme un groupe paraphylétique et est restreinte à trois genres, et que dans la tribu Loricariini, deux sous-tribus soeurs se distinguent, les Farlowellina et les Loricariina, chacune présentant des patterns évolutifs complexes. Plusieurs nouveaux taxa ont aussi été mis en évidence et décrits. En utilisant la phylogénie comme outil exploratoire, nous avons démontré : (1) avec l'analyse de co-inertie que les caractères diagnostiques fournis pour définir les différents genres étaient sous dépendance phylogénétique ; (2) avec l'analyse de co-inertie multiple que les forces évolutives sous-jacentes dirigeant leur diversification incluaient des composantes intraphénotypiques (morphologie et génétique) et extraphénotypique (écologie et distribution) ; (3) avec l'analyse RLQ que des évènements de co-dispersion entre espèces codistribuées avaient eu lieu et étaient responsables de la distribution actuelle des espèces ; et (4) avec l'analyse de patterns multi-échelles que la co-évolution des traits liés aux caractéristiques de la bouche était liée à des fonctions reproductrices responsables d'une évolution tertiaire de cet organe.

COMPOSANTES ET DEPARTEMENTS DE SCIENCES ET TECHNOLOGIE

cuirassés, sont endémiques de l'Amérique latine où ils forment la plus riche, la plus diversifiée et la plus spécialisée des familles de Siluriformes, comprenant 716 espèces valides et quelques 300 non décrites distribuées en 96 genres [START_REF] Reis | Check list of the freshwater fishes of South and Central America, Edipucrs Porto Alegre[END_REF]Ferraris, 2007). Les Loricariidae sont caractérisés par un corps déprimé, la présence de plaques osseuses garnies d'odontodes recouvrant la tête et le corps, exception faite parfois de la région abdominale, la présence d'une unique paire de barbillons maxillaires et la modification importante de la bouche en une ventouse. Leur morphologie très spécialisée a fait des Loricariidae un groupe reconnu comme monophylétique dès les premières classifications parmi les Siluriformes (de Pinna, 1998). Ils ont connu, à l'instar d'autres groupes, une véritable radiation évolutive sur l'ensemble du sous-continent américain, du Costa Rica jusqu'en Argentine, tant sur le versant pacifique que sur le versant atlantique de la Cordillère des Andes. Schaefer et Stewart (1993) comparent cette radiation à celle des Cichlidae des grands lacs du Rift africain. Parmi les six sous-familles de Loricariidae, les Loricariinae se caractérisent par un pédoncule caudal long et déprimé et par l'absence de nageoire adipeuse. Ils vivent en relation étroite avec le substrat et présentent, en conséquence, de remarquables différenciations morphologiques liées au nombre important de milieux conquis, aussi bien lotiques que lentiques, sur des substrats inorganiques (rocheux, graveleux, sableux, vaseux…) ou organiques (bois mort, débris végétaux…). Outre les modifications générales de forme qui font que certains ressembleront, par mimétisme, aux branches mortes qui jonchent le lit des cours d'eaux, ou que d'autres seront très aplatis pour leur permettre de s'enfouir dans les substrats meubles, les Loricariinae possèdent également les plus fortes modifications des structures de la bouche, qui reste l'organe le plus spécialisé chez les Loricariidae. Une diversité très importante dans la structure des lèvres, qui peuvent être fortement papilleuses, filamenteuses ou lisses est aussi observée. Certains groupes possèdent des dents nombreuses, pédonculées et organisées en peignes, caractéristiques des espèces qui broutent le tapis algaire riche en épibenthos. D'autres possèdent au contraire peu de dents, voire aucune dent sur les prémaxillaires. Ces dents sont souvent fortement différenciées, bicuspides, droites et épaisses, en cuillère, de dimension réduite ou très longues. Le dimorphisme sexuel est extrêmement marqué et consiste, le plus souvent, en un développement en brosse des odontodes de la marge du museau et des épines et rayons pectoraux du mâle mature. Dans certains cas, il existe également un dimorphisme sexuel dans la structure des dents et des lèvres. Bien que très différenciés morphologiquement, la systématique des Loricariinae reste confuse et sujette à controverses car reposant essentiellement sur les opinions personnelles des différents auteurs, sans réel fondement objectif.

x Isbrücker (1979) classe les Loricariinae sur des bases morphologiques en quatre tribus et huit sous-tribus : les Loricariini divisés en six sous-tribus : Loricariina, Planiloricariina, Reganellina, Rineloricariina, Loricariichthyina et Hemiodontichthyina, les Harttiini subdivisés en deux sous-tribus : Harttiina et Metaloricariina, les Farlowellini et les Acestridiini. Le même auteur (1981a: p. VI, 71) émet des doutes au sujet du placement des Acestridiini au sein des Loricariinae, remarquant que: "The exposed cleithrum and coracoid, together with the peculiar odontodes on the unbranched pelvic fin ray ('spine') are characters otherwise occurring typically only in various members of the subfamily Hypoptopomatinae."; néanmoins il les maintient en tant que membre des Loricariinae. Dans le même travail il décrit deux nouvelles sous-tribus, Ricolina et Pseudoloricariina, développe les caractéristiques principales de chaque rang: sous-famille, tribu, sous-tribu, et genre, et établit une clé provisoire des genres de Loricariidae. Rapp [START_REF] Py-Daniel | Furcodontichthys novaesi n. gen., n. sp. (Osteichthyes, Siluriformes; Loricariidae) na bacia Amazônia, Brasil. Boletim do Museu Paraense Emilio Goeldi[END_REF] décrit un nouveau genre, Furcodontichthys, et le place au sein des Loricariini, sous-tribu Loricariina. Martín [START_REF] Salazar | Dentectus barbarmatus, a new genus and species of mailed catfish from the Orinoco Basin of Venezuela (Pisces, Siluriformes, Loricariidae)[END_REF] décrivent Dentectus en tant que membre des Loricariini, sous-tribu Planiloricariina.

Dans cet article, ils complètent la diagnose des Planiloricariina, parmi lesquels ils transfèrent les genres Rhadinoloricaria, Crossoloricaria, et Pseudohemiodon. Isbrücker et al. (1983) décrivent Aposturisoma en tant que membre des Farlowellini. [START_REF] Isbrücker | Pyxiloricaria menezesi, a new genus and species of mailed catfish from Rio Miranda and Rio Cuiabá, Brazil (Pisces, Siluriformes, Loricariidae)[END_REF], 1986) décrivent Pyxiloricaria puis Apistoloricaria, et les placent au sein des Loricariini, soustribu Planiloricariina. En utilisant des méthodes cladistiques, Schaefer (1986Schaefer ( , 1987) ) établit la monophylie des Loricariinae sur la base de caractères ostéologiques. [START_REF] Nijssen | Spectracanthicus murinus, nouveaux genre et espèce de poisson-chat cuirassé du Rio Tapajós, Est. Pará, Brésil, avec des remarques sur d'autres genres de Loricariidés (Pisces, Siluriformes, Loricariidae)[END_REF] suggèrent que les Acestridiini soient considérés en tant que représentants de la sousfamille des Hypoptopomatinae. Schaefer (1991) propose une phylogénie de la sous-famille des Hypoptopomatinae et confirme cette position. Dans sa thèse de doctorat, Rapp Py-Daniel (1997) propose une phylogénie de la sous-famille réalisée à partir de 175 caractères ostéologiques et 17 caractères de morphologie externe et portant sur 21 genres regroupant 61 espèces. Elle confirme la monophylie des Loricariinae et reconnaît deux des trois tribus sensu Isbrücker (1979), les Harttiini et les Loricariini, les Farlowellini devenant représentants des Harttiini. Montoya-Burgos et al. (1998) proposent la première phylogénie moléculaire de la famille des Loricariidae, basée sur les marqueurs mitochondriaux 12S et 16S, portant essentiellement sur la sous-famille Hypostominae. Ils incluent dans cette analyse neuf Loricariinae correspondant à huit genres. Ils retrouvent les Farlowellini en tant que groupe frère des Loricariini et fournissent une première évidence de la paraphylie des Harttiini tels que définis par Isbrücker (1979) et Rapp Py-Daniel (1997), Harttia, genre nominal de la tribu Harttiini, formant le groupe frère des autres membres de la sous-famille. Isbrücker et xi Isbrücker et Michels (dans Isbrücker et al., 2001) décrivent quatre nouveaux genres, Fonchiiichthys, Leliella, Quiritixys et Proloricaria, et revalident Hemiloricaria Bleeker, 1862 sur la base d'un nombre très succinct de caractères de validité douteuse car essentiellement basés sur le dimorphisme sexuel. Rapp Py-Daniel et Oliveira (2001) mettent Cteniloricaria en synonymie de Harttia. Ferraris (2003) maintient la validité de Cteniloricaria, met en synonymie tous les genres décrits par Isbrücker et par Isbrücker et Michels (dans Isbrücker et al., 2001) [START_REF] Retzer | A new species of Farlowella Eigenmann and Eigenmann (Siluriformes: Loricariidae), a stickcatfish from Bolivia[END_REF] décrivant une nouvelle espèce de Farlowella, Provenzano et al. (2005) avec une nouvelle espèce de Harttia, Rodriguez and Miquelarena (2003) avec un nouveau Loricaria, [START_REF] Knaack | Ein neuer Prachthexenwels aus Paraguay: Hemiloricaria aurata n. sp. (Pisces, Siluriformes, Loricariidae)[END_REF] et Rodriguez and Miquelarena (2005) avec chacun une nouvelle espèce de Rineloricaria, et Ghazzi (2005) Isbrücker (1981b), Metaloricaria par Isbrücker et Nijssen (1982), Apistoloricaria par [START_REF] Nijssen | Trois nouvelles espèces du genre Apistoloricaria de Colombie et du Pérou, avec illustration du dimorphisme sexuel secondaire des lèvres de A. condei (Pisces, Siluriformes, Loricariidae)[END_REF], Farlowella par Retzer et Page (1997), Ixinandria par Rodriguez et al. (2008) et Lamontichthys par de Carvalho Paixão et Toledo-Piza (2009).

Extrêmement riche en espèces, très dispersée en Amérique du Sud et très différenciée morphologiquement, la sous-famille des Loricariinae fournit ainsi un cadre idéal pour l'étude de l'évolution morphologique chez les vertébrés. Pourtant, paradoxalement au nombre d'études portant sur les Loricariinae, aucune phylogénie n'a, à ce jour, été publiée. Cette étape s'avère donc un pré-requis indispensable à toute étude évolutive. Ainsi, pour comprendre l'évolution de ce groupe et estimer si toutes ces modifications sont avant tout liées à leur histoire évolutive ou phylogénie (c'est-à-dire héritées d'un ancêtre commun), ou correspondent au contraire plutôt à des adaptations locales liées à leur écologie (plasticité phénotypique), une phylogénie moléculaire exhaustive et robuste de la sous-famille a été établie. Pour ce faire, nous nous sommes basés sur l'analyse des séquences d'ADN mitochondrial matrice des ARN ribosomiques 12S et 16S et du gène nucléaire fish-reticulon4 pour rechercher le signal phylogénétique lié à l'évolution de ces marqueurs. Les études de diversité spécifique ont été réalisées, quant à elles, avec la séquence code-barres standard de la première sous-unité de la cytochrome c oxydase (COI) proposée par le Barcoding Of Life Initiative (BOLI) (Hebert et al., 2003). Les gènes 12S et 16S codent pour les deux sous-unités xiii du ribosome mitochondrial et sont classiquement utilisés comme marqueurs de rang familial dans les études phylogénétiques chez les poissons (voir par exemple : [START_REF] Ortí | Patterns of nucleotide change in mitochondrial ribosomal RNA genes and the phylogeny of piranhas[END_REF]Montoya-Burgos et al., 1998;[START_REF] Murphy | Phylogeny of the Neotropical killifish family Rivulidae (Cyprinodontiformes, Aplocheiloidei) inferred from mitochondrial DNA sequences[END_REF][START_REF] Wilson | Male pregnancy in seahorses and pipefishes (family Syngnathidae): rapid diversification of paternal brood pouch morphology inferred from a molecular phylogeny[END_REF][START_REF] Rüber | Molecular phylogenetics and evolutionary diversification of labyrinth fishes (Perciformes: Anabantoidei)[END_REF][START_REF] Shimabukuro-Dias | Molecular phylogeny of the armored catfish family Callichthyidae (Ostariophysi, Siluriformes)[END_REF][START_REF] Campo | Phylogeny of the genus Merluccius based on mitochondrial and nuclear genes[END_REF][START_REF] Hrbek | A phylogenetic and biogeographic perspective on the evolution of poeciliid fishes[END_REF][START_REF] Almada | Phylogenetic analysis of peri-Mediterranean blennies of the genus Salaria: molecular insights on the colonization of freshwaters[END_REF][START_REF] Cowman | Dating the evolutionary origins of wrasse lineages (Labridae) and the rise of trophic novelty on coral reefs[END_REF][START_REF] Fernández | Relationships among the Neotropical Candirus (Trichomycteridae, Siluriformes) and the evolution of parasitism based on analysis of mitochondrial and nuclear gene sequences[END_REF][START_REF] Cooper | Exploring the radiation of a diverse reef fish family: phylogenetics of the damselfishes (Pomacentridae), with new classifications based on molecular analyses of all genera[END_REF][START_REF] Javonillo | Relationships among major lineages of characid fishes (Teleostei: Ostariophysi: Characiformes), based on molecular sequence data[END_REF][START_REF] Straube | Molecular phylogeny and node time estimation of bioluminescent Lantern Sharks (Elasmobranchii: Etmopteridae)[END_REF]. Le fish reticulon4 (f-rtn4) est un nouveau marqueur nucléaire à évolution rapide en cours de développement. Les réticulons sont des protéines liées à la membrane du réticulum endoplasmique lisse (van de [START_REF] Van De Velde | NSP-encoded reticulons, neuroendocrine proteins of a novel gene family associated with membranes of the endoplasmic reticulum[END_REF]. Les gènes rtns codent pour une large famille de protéines RTN présentes chez tous les eucaryotes. Parmi ces gènes, le rtn4 (également appelé nogo) code pour une protéine potentiellement impliquée dans les processus de régénérations axoniques lors de lésion du système nerveux central. La RTN4 a particulièrement été étudié chez les mammifères car ces derniers, contrairement aux poissons, possèdent des capacités régénératrices limitées [START_REF] Oertle | A reticular rhapsody: phylogenic evolution and nomenclature of the RTN/Nogo gene family[END_REF][START_REF] Diekmann | Analysis of the reticulon gene family demonstrates the absence of the neurite growth inhibitor Nogo-A in fish[END_REF]. Les gènes rtns possèdent de nombreux et longs introns caractérisés par une plus grande variabilité mutationnelle que les exons, fournissant ainsi de l'information à des niveaux hiérarchiques relativement fins (inter-espèces). La variabilité du premier intron a été caractérisée chez les Loricariidae par Fisch-Muller et al. (sous presse) (Annexe 3) lors d'une étude comparative avec la région code-barres. Un fragment du gène f-rtn4 a été utilisé avec succès pour la reconstruction d'une phylogénie de la sous-famille de Loricariidae des Hypoptopomatinae (Chiachio et al., 2008) et dans une étude populationnelle de Guyanancistrus brevispinis dans les Guyanes en utilisant le premier intron (Cardoso et Montoya-Burgos, 2009).

Le gène COI code une partie d'un large complexe enzymatique de la chaîne respiratoire mitochondriale. La région code-barres de ce gène, due à la nature dégénérée du code génétique, possède un taux de mutation très élevé en première et surtout troisième position des codons, et ce malgré un relatif conservatisme des acides aminés (Ward et Holmes, 2007). Ces taux de mutation élevés permettent ainsi l'accumulation rapide de mutations entre séquences et forment la base du système des codes-barres ADN. Ces différences accumulées entre séquences sont attendues faibles au sein d'une même espèce à cause de l'échange constant des mitochondries et élevées entre espèces à cause de l'arrêt de la transmission des mitochondries. Le système des codes-barres COI a été efficacement utilisé pour quantifier et qualifier la diversité de poissons [START_REF] Ward | Barcoding Australia's fish species[END_REF]Hubert et al., 2008;[START_REF] Ward | REVIEW PAPER: The campaign to DNA barcode all fishes, FISH-BOL[END_REF][START_REF] Valdez-Moreno | Probing diversity in freshwater fishes from Mexico and Guatemala with DNA barcodes[END_REF][START_REF] Lara | DNA barcoding of Cuban freshwater fishes: evidence for cryptic species and taxonomic conflicts[END_REF], et a permis la mise en xiv évidence d'espèces cryptiques (e.g. Ward et al., 2008a;Ward et al., 2008b;[START_REF] Lara | DNA barcoding of Cuban freshwater fishes: evidence for cryptic species and taxonomic conflicts[END_REF][START_REF] Fisch-Muller S | Subfamily Ancistrinae (Armored catfishes). In: Check List of the Freshwater Fishes of South and Central America[END_REF] (sous presse) (Annexe 3)).

Parallèlement aux reconstructions phylogénétiques, différents types de données ont été rassemblés. Le premier type d'informations collectées repose sur l'étude de la morphologie.

En systématique, l'approche typologique repose essentiellement sur les spécimens, et un des moyens les plus simples de délimiter les espèces consiste en l'évaluation des caractères morphologiques. On notera toutefois qu'utiliser des caractères morphologiques pour délimiter les espèces est assez éloigné de la définition usuelle de l'espèce biologique proposée par [START_REF] Mayr | Animal species and evolution[END_REF]: un complexe d'individus interféconds co-existant à un moment donné et génétiquement isolé d'autres complexes équivalents (pour des revues concernant les différents concepts d'espèce, voir [START_REF] Kottelat | European freshwater fishes[END_REF][START_REF] Bock | Species: The concept, category and taxon[END_REF]. Néanmoins la morphologie reste un des seuls moyens de caractériser et de décrire les espèces, et le systématicien doit souvent s'accommoder d'un concept morphologique de l'espèce. Le Code International de Nomenclature Zoologique (1999) fournit ainsi le cadre légal pour l'établissement de nouveaux noms, assurant la stabilité et l'universalité de la nomenclature. L'approche principale consiste donc à définir les espèces sur la base de similitudes ou différences observées. Cette étape peut s'avérer très subjective et différentes méthodes ont été développées pour tenter de fournir des critères objectifs pour la délimitation des limites interspécifiques reposant sur des données morphologiques (voir l'approche de taxinomie numérique). Cette approche assume donc a priori une corrélation entre l'évolution morphologique et l'évolution génétique ayant abouti à l'isolement reproductif, chacune étant liée à plus large échelle à l'évolution du génome. De plus, bien qu'apparemment étroitement apparentés, il convient de faire une différence entre le fait de rechercher des caractères distinctifs entre espèces et la méthode cladistique. Cette dernière tente de classifier les espèces sur la base de caractères dérivés partagés appelés synapomorphies, alors que le taxinomiste recherchera plutôt des caractères uniques non partagés, appelés autapomorphies, ces derniers étant par définition non informatifs d'un point de vue cladistique. Le type de données générées par cette approche est le plus souvent qualitatif et codé de manière binaire ou par modalités, les rendant facilement analysables par les méthodes multivariées usuelles comme l'Analyse des Correspondances (AC) ou l'Analyse des Correspondances Multiples (ACM). D'autres techniques reposant sur une approche quantitative ont été développées pour l'étude de la forme des spécimens. Ces méthodes appartiennent au domaine de la morphométrie qui est l'étude de l'apparence en tant que variations de forme et taille [START_REF] Richtsmeier | The promise of geometric morphometrics[END_REF].

On remarquera que, contrairement aux francophones, les anglo-saxons disposent de deux xv mots pour qualifier la notion de forme : form et shape. Cette lacune explique probablement la difficulté à définir correctement cette notion de forme. C'est pour marquer ce distinguo que je viens d'utiliser le terme d'apparence en tant que qualificatif pour une notion de forme globale (form). La morphométrie étudie donc les variations de taille et de forme et leur covariation, ainsi que leurs covariations avec d'autres variables [START_REF] Claude | Morphometrics with R. 316 p[END_REF]. Pour ce faire, deux approches ont été développées, chacune reposant sur un type propre de données : la morphométrie traditionnelle qui analyse les mesures, comptes, angles, rapports, et la morphométrie géométrique qui analyse les coordonnées de points homologues entre objets comparés. Chaque approche possède ses forces et faiblesses mais dans l'ensemble les résultats restent comparables (e.g. Parson et al., 2003;[START_REF] Maderbacher | Assessment of traditional versus geometric morphometrics for discriminating populations of the Tropheus moorii species complex (Teleostei: Cichlidae), a Lake Tanganyika model for allopatric speciation[END_REF][START_REF] Sidlauskas | Dealing with allometry in linear and geometric morphometrics: a taxonomic case study in the Leporinus cylindriformis group (Characiformes: Anostomidae) with description of a new species from Suriname[END_REF]. Les données de morphométrie traditionnelle sont facilement analysées par l'Analyse en Composantes Principales (ACP) ou par l'Analyse Discriminante (AD).

En parallèle de la collecte d'informations morphologiques, j'ai eu la possibilité de mener ou de participer à plusieurs missions de terrain en Amérique latine. Différentes missions ont ainsi été conduites en Guyane, au Suriname, au Guyana et au Pérou, complémentant les données déjà acquises au Brésil, Pérou, Paraguay ou Panama. Ces missions qui permettent la découverte régulière d'espèces nouvelles, sont indispensables pour l'obtention de matériel permettant les études moléculaires et fournissent des données essentielles sur les biotopes fréquentés par ces espèces. En complément de la collecte de spécimens et de la prise d'échantillons, des observations de terrain sont ainsi également conduites. Après capture, les spécimens sont photographiés, identifiés individuellement par un numéro de terrain, des échantillons de nageoire sont prélevés pour les analyses ADN et identifiés par le même numéro, puis les spécimens sont fixés pour une conservation à long terme. Ce faisant, les lieux de capture sont géoréférencés par Global Positioning System avec prise de la latitude, de la longitude et de l'altitude. Les paramètres de l'eau tels que pH, conductivité, température et plus récemment turbidité et concentration en oxygène sont relevés. Des données qualitatives sur les biotopes sont notées, telles que le type de substrat, la vitesse du courant, ou le type de rivière. Ces données représentent une information de bonne qualité pour la caractérisation de l'environnement des poissons et sont classiquement utilisées dans les études des relations poissons-habitats (pour la Guyane française, voir e.g. [START_REF] Mérigoux | Fish richness and species-habitat relationships in two coastal streams of French Guiana, South America[END_REF][START_REF] Mérigoux | Species traits in relation to habitat variability and state: Neotropical juvenile fish in floodplain creeks[END_REF]; revu par de Mérona et al, sous presse).

Toutefois, chacune des approches précédemment énoncées fournit son propre type de données et ne répond qu'à une question, bien que toutes soient généralement centrées sur la même question biologique générale. Unifier ces différentes sources d'information, qui xvi peuvent être de différentes natures statistiques, dans le même cadre exploratoire ou descriptif, demeure une tache complexe. Ces différentes données, organisées en différents tableaux, reposent souvent sur les mêmes entités statistiques (e.g. les individus, les stations…), établissant ainsi un lien entre tableaux, et peuvent êtres décrites par de nombreuses variables (e.g. données génétiques, morphométriques, environnementales…). Un des moyens d'unifier ces différentes observations consiste donc soit à réaliser une analyse des tableaux accolés et de rechercher un moyen de se libérer de la contrainte liée à la nature des données (quantitatives et qualitatives) pour les rendre compatibles, soit à réaliser des analyses préliminaires en fonction du type de données des tableaux séparés et de rechercher les structures communes des différentes analyses pour les inclure dans la même analyse globale.

La première approche rejoint celle de Hill et Smith (1976) qui ont développé une méthode pour réaliser une ACP sur un tableau mélangeant données quantitatives et qualitatives. Dans l'Analyse de Hill et Smith (AHS), les données quantitatives sont préalablement soumises à une ACP, alors que les données qualitatives sont soumises à une ACM. Les deux types d'information sont ensuite rendus compatibles par un système de repondération des colonnes du tableau afin de donner la même importance à chacune des variables de l'analyse même lorsque les données qualitatives sont multi-modales. Alors que l'ACP recherche des axes qui maximisent le carré des corrélations des variables quantitatives, que l'ACM recherche des axes qui maximisent la somme des rapports de corrélation des variables qualitatives, l'AHS établit un compromis entre les deux analyses préliminaires en recherchant des axes qui maximisent la moyenne des carrés des corrélations (variables quantitatives) et des rapports de corrélations (variables qualitatives). Cette idée de compromis représente la clé de voûte des approches multi-tableaux, et en ce sens, l'AHS représente un premier pas dans l'analyse simultanée de différentes sources de données. Cette analyse a été utilisée avec succès par Covain et Fisch-Muller (2007) La seconde approche est atteinte par ce qu'on appelle les analyses multi-tableaux. Ces analyses recherchent les structures communes présentes dans les différents jeux de données et les retranscrivent dans le même cadre descriptif. Initialement dédiées à l'étude des structures écologiques comme les relations espèces-habitat, les analyses de co-structures essaient d'extraire l'information commune des différents jeux de données, par exemple, la composition spécifique et les paramètres environnementaux relevés dans les mêmes stations.

xvii Cet aspect a été unifié par Dolédec et Chessel (1994) lorsqu'ils ont développé l'Analyse de Co-Inertie (ACI). L'ACI a pour but d'extraire la structure commune de deux tableaux reposant sur les mêmes entités statistiques. Le modèle mathématique de l'ACI est fourni dans Dolédec et Chessel (1994) et dans Dray et al. (2003b). Chacun des tableaux analysés (e.g. occurrences d'espèces et paramètres environnementaux pour plusieurs localités) est préalablement traité par une analyse préliminaire (e.g. ACP, ACM, AC, AHS) puis soumis à l'ACI afin de décrire la structure commune des deux tableaux. Le résultat de l'ACI consiste en deux nouveaux jeux de scores de covariance maximale. L'ACI maximise en effet un compromis entre la structure du premier tableau (e.g. un tableau d'occurrences d'espèces pour différentes localités), la structure du second tableau (e.g. un tableau de paramètres environnementaux pour ces mêmes localités) et leur lien. [START_REF] Dolédec | Matching species traits to environmental variables: a new three-table ordination method[END_REF] ont ensuite étendu le concept de co-inertie à trois tableaux, et ont développé l'analyse RLQ. L'analyse RLQ a pour but de rechercher les relations entre un tableau R (e.g. un tableau de traits pour différentes espèces fournissant un lien externe sur les lignes) et un tableau Q (e.g. un tableau de variables environnementales pour différents sites fournissant un lien externe sur les colonnes), unifiés par un tableau L (e.g. un tableau croisé d'espèces par site), et établit un compromis en extrayant leurs structures communes. La RLQ diffère de l'ACI en ce que la relation entre les tableaux R et Q est fournie par le troisième tableau L, alors que dans l'ACI cette relation est donnée directement par les lignes (i.e. les mêmes entités statistiques) des deux tableaux analysés. Le modèle mathématique de la RLQ est décrit dans [START_REF] Dolédec | Matching species traits to environmental variables: a new three-table ordination method[END_REF] avec des adaptations dans Dray et al. (2002) et Dray et Legendre (2008). Les résultats de la RLQ consistent en deux nouveaux jeux de scores des deux tableaux R et Q de covariance maximale lorsque le tableau de lien est traité par une AC [START_REF] Dolédec | Matching species traits to environmental variables: a new three-table ordination method[END_REF]. Finalement, le critère de co-inertie a été étendu à K tableaux par Chessel et Hanafi (1996) qui ont développé l'Analyse de Co-Inertie Multiple (ACIM).

L'ACIM identifie les structures communes présentes dans des jeux de données multiples (n = k > 2) reposant sur les mêmes entités statistiques en fournissant une typologie consensuelle (le compromis) maximisant le lien entre tous les tableaux simultanément. Ce lien est exprimé par la somme des carrés de covariances entre les combinaisons linéaires des variables de chaque tableau et le compromis.

Ce manuscrit s'articule autour de la question centrale de l'évolution de ce groupe très diversifié que sont les Loricariinae. Pour cela, j'ai voulu tirer profit de la spécificité de mes trois établissements d'affiliation que sont le Muséum d'histoire naturelle de la Ville de xviii Genève (MHNG), le Laboratoire de Biométrie et de Biologie Évolutive (LBBE) de l'Université de Lyon, et le département de Génétique et Évolution (GenEv) de l'Université de Genève, afin d'investiguer les patterns évolutifs de cette sous-famille. Tout particulièrement, j'ai essayé de tirer parti des développements récents en analyses multi-tableaux (et également au niveau logiciel au travers du logiciel libre R) ainsi que de la détection de nouveaux marqueurs phylogénétiques à évolution rapide, pour réaliser une étude exhaustive de différents jeux de données bien documentés obtenus à partir des spécimens, des échantillons de tissus pour les analyses ADN et des observations de terrain. Étant donné que les arbres phylogénétiques représentent des objets qualitatifs qui peuvent être facilement convertis en objets quantitatifs en utilisant, par exemple, les distances patristiques pour reconstruire une matrice de distances, l'information phylogénétique peut être intégrée dans un premier tableau et être analysé par une Analyse en Coordonnées Principales (Gower, 1966). Cette analyse représente ainsi la première étape pour l'exploration de tableaux multiples obtenus à partir des mêmes individus. L'utilisation des méthodes multi-tableaux fournit ainsi le cadre descriptif unificateur nécessaire à la réalisation des différents objectifs de cette thèse. L'adaptation des méthodes multi-tableaux à un contexte phylogénétique permet, en effet, d'explorer différents types de données simultanément et renforce ainsi considérablement notre connaissance du groupe dans des perspectives évolutives et de taxinomie intégrative. Lorsqu'un des jeux de données représente la phylogénie, toutes les structures présentes dans les autres tableaux peuvent être liées ensemble et à la phylogénie et ainsi être interprétées d'un point de vue évolutif. Cette approche permet d'explorer les relations entre la phylogénie et des données morphologiques, morphométriques, écologiques, distributionnelles et éthologiques, et de révéler ainsi les tendances évolutives acquise au cours du temps chez les Loricariinae. De plus, établir une relation entre une phylogénie et différents types de données, implique que ces données sont sous dépendance phylogénétique. Ce concept central en biologie comparative stipule qu'à cause de l'héritabilité des traits biologiques à partir d'ancêtres communs, les observations faites entre espèces ne sont pas indépendantes (voir Harvey et Pagel, 1991).

Différentes méthodes ont été développées pour détecter la dépendance phylogénétique dans les données comparatives, une des dernières étant l'orthograme (Ollier et al., 2006).

L'orthograme décompose la variance des traits le long d'une phylogénie représentée par une base orthogonale. Néanmoins, sous sa forme originale, l'orthograme ne peut traiter que des données qualitatives. L'extension de l'orthograme aux données qualitatives et multivariées a donc été un pré-requis pour une étude d'ensemble de l'évolution des traits biologiques chez les Loricariinae. Cette structure unificatrice, rendant chaque orthograme directement xix comparable a permis en conséquence le développement d'une nouvelle méthode multivariée pour l'exploration des patterns de co-évolution entre traits le long d'une phylogénie. Cette nouvelle approche adapte la technique de l'Analyse des Patterns Multi-Echelles (APME) développée pour l'analyse de données spatialisées (Jombart et al., 2009) dans un contexte phylogénétique. Cette nouvelle analyse diffère de l'approche multi-tableaux usuelle par la façon de décrire la phylogénie qui est directement utilisée en tant que variable exploratoire.

La reconstruction progressive de phylogénies robustes et exhaustives a permis une révision de la systématique des Loricariinae, ainsi que la description des nouveaux taxa mis en évidence par les analyses combinées. Ce manuscrit est organisé en chapitres centrés sur la problématique principale évolutive et répondant aux objectifs suivants :

(1) une évaluation de l'approche multi-tableaux a été réalisée en utilisant l'ACI pour explorer la co-structure entre une phylogénie reconstruite sur la base de marqueurs mitochondriaux et le jeu de données morphologiques publié par Covain et Fisch-Muller (2007) (Annexe 2). La systématique des Loricariinae a été revue, et la dépendance phylogénétique des caractères morphologiques utilisés de manière classique pour définir les différents genres a été évaluée.

(2) sur la base de spécimens déjà connus en collection (un seul au MHNG) et de matériel complémentaire fraîchement collecté au Pérou, un nouveau genre et nouvelle espèce a été décrit pour clarifier la systématique du groupe. De plus, une évaluation de l'alignement, en particulier dans les régions introniques du nouveau marqueur f-rtn4 a été réalisée préalablement à la première phylogénie des Loricariinae reconstruite en combinant l'information nucléaire et mitochondriale (pour la caractérisation du premier intron de f-rtn4 voir Fisch-Muller et al., sous presse; Annexe 3).

(3) l'ACIM a été utilisée pour une évaluation globale de la diversité d'une tribu de Loricariinae, les Harttiini, dans les Guyanes. Faisant suite à une première étude restreinte à un seul genre de cette tribu dans un seul pays (Covain et al., 2006; Annexe 1), l'information génétique, morphométrique, et écologique-distributionnelle a été unifiée dans le même cadre descriptif afin de révéler les forces évolutives ayant favorisé leur diversification au travers des Guyanes. De plus, les différent nouveaux taxa mis en évidence ont été décrits. xx (4) l'analyse RLQ a été évaluée pour détecter les évènements de co-dispersion chez deux groupes de Loricariidae ayant une distribution commune : les Harttiini et le genre Hypostomus. La détection de co-structures dans chaque phylogénie étant potentiellement liée à des évènements de co-dispersion, les dates fournies pour la dispersion des espèces d'Hypostomus ont été appliquées à la phylogénie des Harttiini afin de proposer une hypothèse phylogéographique quant à leur diversification à l'échelle du sous-continent.

(5) une phylogénie exhaustive a été reconstruite (350 Unités Taxinomiques Opérationnelles), les orthogrames ont été généralisés et l'APME a été évaluée sur un jeu de données étendu mélangeant des données quantitatives (discrètes et continues), qualitatives (binaires, multi-modales et ordinales), intraphénotypiques (morphologie, éthologie) et extraphénotypiques (paramètres environnementaux) afin de détecter des patterns de co-évolution entre traits multiples le long de la phylogénie, et ainsi de révéler les variables impliquées dans les principales innovations chez les Loricariinae.

De plus, les patterns évolutifs de ces innovations ont été mis en évidence et une datation pour l'apparition de ces structures a été proposée.

Les résultats obtenus dans les différents chapitres de cette thèse démontrent que la systématique de ce groupe n'était que partiellement connue. En particulier, la définition de la tribu Harttiini était erronée. Isbrücker (1979) définit les Harttiini par l'origine de la nageoire dorsale située pratiquement à l'aplomb de l'insertion des nageoires pelviennes, la nageoire caudale avec 12 (rarement 11) Ces modifications importantes de la structure de l'arbre phylogénétique sont la conséquence naturelle de caractères diagnostiques mal définis. Les caractères utilisés pour diagnostiquer les rangs tribaux et génériques ont donc été évalués au regard de la phylogénie.

Dans le premier chapitre, nous démontrons que ces caractères sont en général suffisants pour définir de manière naturelle les rangs tribaux et sous-tribaux (incluant en partie les groupes morphologiques proposés par Covain et Fisch-Muller, 2007; Annexe 2) mais sont clairement insuffisants au niveau générique. Pour cela, nous avons utilisé l'ACI afin d'extraire la structure commune entre la phylogénie (préalablement convertie en matrice de distances) et un tableau de caractères morphologiques diagnostiques (quantitatifs et qualitatifs). Dans ce cas, l'ACI met en évidence les traits possédant la co-variation maximale avec la phylogénie ainsi que les associations phylogénétiques entre traits. Cette manière d'utiliser l'ACI représente donc une façon valable d'explorer un tableau de traits au regard d'une phylogénie, et ainsi de mettre en évidence la dépendance phylogénétique de traits multiples. Ce premier résultat s'avérant convaincant quant à la puissance de l'approche multi-tableaux en biologie comparative, son extension a été permise. Nous avons donc naturellement expérimenté les méthodes multi-tableaux pour différentes problématiques évolutives (i.e. au moins un des tableaux représente la phylogénie).

Dans une étude de diversité réalisée sur les Harttiini des Guyanes, l'ACIM a été utilisée pour unifier morphométrie, génétique et écologie-distribution des espèces dans la même analyse (chapitre 3). L'ACIM a révélé les liens existant entre ces trois types de données et a fourni des évidences flagrantes quant à la validité de trois genres de Harttiini, différant dans les combinaisons de ces différentes données. Cette analyse a aussi démontré que la diversité réelle était deux fois plus importante que précédemment reconnu. Cette diversité importante a été façonnée par (ou orientée vers) une composante intraphénotypique xxii correspondant aux adaptations morphologiques et à la divergence génétique, et une composante extraphénotypique correspondant à l'écologie et la distribution des espèces. Les adaptations morphologiques incluent des modifications importantes en taille et en forme en particulier au niveau du pédoncule caudal. Ces modifications morphologiques sont corrélées à la divergence génétique et à certains paramètres environnementaux tels que le type de biotope colonisé (crique forestière ou fleuve) et la température, ainsi qu'à des gradients distributionnels correspondant à l'altitude et à la longitude.

Dans le quatrième chapitre, nous avons évalué la capacité de l'analyse RLQ à détecter des co-structures dans deux phylogénies indépendantes contraintes par la distribution de leurs espèces. La force de la RLQ repose sur le tableau L fournissant l'hypothèse contraignant l'analyse. Les co-structures mises en évidences sont donc directement interprétables à la lumière de cette hypothèse, les autres co-structures apparentes étant potentiellement liées à des facteurs cachés. Les résultats du chapitre 3 démontrent en effet que l'évolution d'un groupe est par essence multifactorielle impliquant des paramètres intra et extra phénotypiques. L'interprétation visuelle de co-structures potentielles dans l'ordre des branchements d'arbres phylogénétiques est donc risquée et devrait être évitée autant que possible, d'autres contraintes évolutives indépendantes pouvant expliquer de tels patterns. En assumant donc l'hypothèse de co-dispersion des espèces, c.a.d. que les espèces actuelles peuvent être présentes dans le même bassin parce qu'elles ont colonisé simultanément ce bassin à cause des mêmes évènement historiques (e.g. capture de tête de bassin, contact secondaire des estuaires, fracture géologique), nous avons exploré la phylogénie des Harttiini et celle d'Hypostomus déjà publiée par Montoya-Burgos (2003). La RLQ détecte parfaitement une co-structure phylogénétique sous contrainte spatiale forte et significative dans les deux phylogénies impliquant une co-dispersion entre les espèces des bassins du Sao Francisco et de l'Amazone. Ce résultat est renforcé par les tests du quatrième coin développés par Legendre et al. (1997) et étendus par Dray et Legendre (2008) afin de pouvoir combiner différents modèles de tests dans la procédure générale, et par Dray (en préparation) pour tester le lien individuel entre chaque variable de R et Q (ici les coordonnées principales décrivant les phylogénies) et les axes de la RLQ (le compromis établi entre les phylogénies et la codispersion des espèces). La co-structure phylogénétique sous contrainte spatiale observée n'est donc pas due au hasard. La datation fournie pour cet évènement de co-dispersion chez Hypostomus a donc été appliquée naturellement à ce même évènement chez les Harttiini afin de révéler l'histoire de dispersion des espèces de cette tribu à l'échelle du sous-continent. Les datations suivantes obtenues pour la phylogénie des Harttiini corroborent parfaitement celles xxiii obtenues pour Hypostomus, suggérant un contexte temporel commun de diversification. Cette diversification soudaine des Harttiini et des Hypostomus révèle un pattern explosif de radiation à la base de chaque lignée, chaque clade de chaque phylogénie apparaissant à la même période.

Les approches multi-tableaux utilisées dans les chapitres 1, 3 et 4 reposent sur une représentation d'une matrice de distances phylogénétiques utilisant les coordonnées principales (Gower, 1966), qui ne sont pas toujours les meilleurs descripteurs pour une phylogénie. Une méthode multivariée alternative a été proposée dans le chapitre 5, basée sur la représentation des propriétés topologiques de l'arbre phylogénétique via une base orthonormale. Pour cela, nous avons étendu les orthogrames développés par Ollier et al. (2006) afin de tester les variables qualitatives et les données multivariées incluant les tableaux complets mélangeant variables quantitatives et qualitatives, fournissant ainsi un nouveau test global de l'autocorrélation phylogénétique. Ces nouveaux outils mettent en avant la dépendance phylogénétique des données d'un tableau à différents niveaux (global ou local) en utilisant le même cadre statistique. Cette structure unificatrice a permis par la suite l'adaptation de l'APME dans le contexte phylogénétique afin d'explorer les patterns de coévolution entre traits le long de la phylogénie. Dans cette approche, la phylogénie n'est plus décrite par des coordonnées principales mais par une autre base orthogonale. L'orthograme multivarié calculé sur le jeu de données mélangeant des données quantitatives (discrètes et continues), qualitatives (binaires, multi-modales et ordinales), intraphénotypiques (morphologiques et éthologiques) et extraphénotypiques (écologiques) révèle que ces données sont fortement autocorrélées phylogénétiquement et impliquent les noeuds les plus profonds de l'arbre dans l'explication de la distribution de la variance de ces traits. Les orthogrames univariés confirment ce résultat avec la plupart de la variation des traits liés aux caractéristiques de la bouche effectivement expliquée par les premiers vecteurs des orthogrames (nombre de dents sur les prémaxillaires et les dentaires, forme des dents et de la bouche, surface des lèvres, barbillons maxillaires et marginaux) ainsi que le nombre de rayons branchus dans la nageoire caudale, la présence ou l'absence de carènes pré-dorsales et d'encoche post-orbitale, confirmant les résultats du premier chapitre utilisant l'ACI (et donc des coordonnées principales). L'APME confirme également ces résultats et révèle des associations fortes entre les caractéristiques de la bouche et les noeuds profonds de la phylogénie, confirmant ainsi que toutes ces structures sont liées entre elles. Néanmoins, peu de corrélations ont été observées avec les variables écologiques et écomorphologiques, impliquant que la co-évolution observée entre les différentes caractéristiques buccales n'était xxiv pas liée à l'écologie tel qu'envisagé au chapitre 1. L'APME a révélé que ces modifications de l'appareil buccal étaient en fait liées à des caractéristiques sexuelles que sont la stratégie de reproduction et le dimorphisme sexuel. La co-évolution entre les différentes caractéristiques de la bouche a donc été guidée par des contraintes comportementales suggérant un effet de sélection sexuelle. De la condition initiale liée aux fonctions de respiration et de nourrissage, la bouche des Loricariidae a évolué vers de nouvelles fonctions liées à l'adhérence au substrat et à la locomotion (voir Geerinckx et al., 2011). Chez les Loricariinae, depuis cette fonction secondaire, la bouche a continué d'évoluer vers une troisième fonction liée, elle, à la reproduction. De manière surprenante, ces innovations ont été concomitantes avec la perte d'un dimorphisme sexuel secondaire marqué par l'hypertrophie des odontodes. Cette hypertrophie des odontodes de la marge du museau, des nageoires pectorales et parfois de la région prédorsale (voire du corps entier) des mâles matures peut parfois être particulièrement importante chez les pondeurs sur substrat découvert ou caché. Cette caractéristique a disparu chez les incubateurs buccaux. L'hypertrophie des odontodes a donc pu résulter de la sélection exercée par les femelles sur les mâles, alors que leur perte a pu être sélectionnée naturellement par prédation (la mort du mâle impliquant immédiatement la perte du frai). La généralisation des orthogrames à tous types de données ainsi que l'APME ont permis de révéler non seulement les patterns de co-évolution entre traits, mais aussi de mettre en évidence les régions de l'arbre phylogénétique concernées par ces changements. Cette analyse puissante est ainsi capable de détecter parmi de nombreux traits de natures différentes, tous potentiellement sous dépendance phylogénétique, ceux qui ont connu des modifications évolutives similaires pour différents niveaux de la phylogénie. Cette analyse souligne donc l'importance des patterns évolutifs dans la comparaison entre de multiples traits, tous les traits phylogénétiquement contraints n'étant pas nécessairement liés au même niveau (on pourra faire un parallèle avec la précédente remarque sur l'interprétation visuelle de co-structures apparentes dans les arbres phylogénétiques et l'existence possible de paramètres cachés).

General Introduction

During a preliminary study conducted on Loricariinae catfishes for my Master thesis, I proposed a first overview of the morphological characteristics of this subfamily to construct an identification key and developed the main characteristics of the different genera. In the same time, I reconstructed a small molecular phylogeny and tried to evaluate the relevance of the morphological characters used in the key in an evolutionary perspective to reply to the question: were the obtained groupings natural or artificial using these morphological features? However, if this biological question may appear quite simple, trying to provide a reply became quickly challenging in a methodological perspective. The main difficulty consisted in reconciling the different statistical objects specific for each approach (i.e. multivariate analyses for the morphological data and phylogenetic trees for the molecular data) to allow their comparison. Following this observation, I noticed that this difficulty was one of the main concerns in ecological studies, and that different methods were developed at the University of Lyon for the ADE 4 software (Thioulouse et al., 1997). This manuscript takes accordingly place at interface of different disciplines and tries to promote an interdisciplinary approach for an exhaustive evolutionary study of the Loricariinae subfamily.

1-General context

Scientific activities of the Museum of natural history of the City of Geneva (MHNG) are centred on three main objectives: conservation of biological collections, scientific research, and popularization of knowledge through exhibitions and other public activities. The research in museums is essentially specimen-based, and biological collections represent the main source of information for the discovery, characterization and valorisation of the biodiversity. Following the example of other museums in the world, the MHNG represents a real library devoted to natural sciences. The Department of herpetology and ichthyology houses a collection of about 120,000 lots or specimens of fish, amphibians and reptiles including 3,331 type specimens of fish (175 primary types) and 1,492 type specimens of amphibians and reptiles (132 primary types). In addition an important collection of tissue samples for molecular analyses obtained from more than 10,000 fish specimens is also maintained and regularly increased. The specimens deposited in the ichthyological collection represent the basis of researches in fish systematics by the study of the morphology. The morphology is directly accessible through different techniques (morphometry, osteology, qualitative descriptions…). However, despite the high quality of the information provided by such characters, the study of the morphology remains often insufficient for a global comprehension of the group under study, and especially in the discovery of hidden diversity such as cryptic speciation. For these reasons, the classical morphological approach is now often coupled to molecular data (e.g. [START_REF] Fisch-Muller | Genetic and morphological evidences for two new sibling species of Ancistrus (Siluriformes: Loricariidae) in upper rio Tocantins drainage, Brazil[END_REF][START_REF] Weber | Hypostomus fonchii sp. n. (Siluriformes: Loricariidae) from Peru, a key species suggesting the synonymy of Cochliodon with Hypostomus[END_REF][START_REF] Zawadski | Morphological and biochemical comparison of two allopatric populations of Hypostomus margaritifer (Regan, 1907) (Teleostei: Loricariidae) from the upper Paraná basin, Brazil[END_REF]. Molecular data also provide the necessary evolutionary frame by reconstructing phylogenetic trees. These phylogenies represent a powerful exploratory tool allowing the reconstruction and tracking of evolutionary changes along the tree.

Reconstructing the phylogeny of species remains a challenging task. This aspect benefited from the collaboration between MHNG and the Department of Genetics and Evolution (GenEv) of the University of Geneva. The laboratory of molecular phylogeny and evolution in vertebrates studies the major evolutionary forces responsible for species diversification in a highly documented and investigated Neotropical region: the Guianas. For this, the laboratory developed fast evolving markers allowing investigations at a fine geographical scale. The use of such makers, coupled to more evolutionary constrained ones, allow the reconstruction of large phylogenies for different taxonomical levels (family, subfamily, tribe, genus, species, and population) [e.g. Chiachio et al., 2008;Cardoso and Montoya-Burgos, 2009;Fisch-Muller et al., in press (see Annex 3)].

Nevertheless, comparing biological data is not so easy due to the inherent complexity of the data, the wide range of data sources, the large amount of noise present in data sets related to individual and stochastic processes, and the different nature of the data under study. This complexity forces the use of different methods, relying on different assumptions rendering direct comparison of results impossible. Unifying different data sources within the same descriptive frame is one of the main objectives of the Laboratory of Biometry and Evolutionary Biology (LBBE) of the University of Lyon (France). This laboratory is amongst the pioneer and most innovative in the development of multivariate and multi-table methods for the free software R (R development core team, 2009) through different packages such as ade4 (Dray and Dufour, 2007), ade4TkGUI (Thioulouse and Dray, 2007), adephylo (Jombart et al., 2010), adegenet [START_REF] Jombart | adegenet: a R package for the multivariate analysis of genetic markers[END_REF] and adehabitat [START_REF] Calenge | The package "adehabitat" for the R software: A tool for the analysis of space and habitat use by animals[END_REF]. Initially mainly devoted to ecological studies (e.g. Chessel and Hanafi, 1996;[START_REF] Dolédec | Matching species traits to environmental variables: a new three-table ordination method[END_REF][START_REF] Dolédec | Matching species traits to environmental variables: a new three-table ordination method[END_REF]Dray et al., 2002;Dray et al., 2003a;Dray et al., 2003b;Bady et al., 2004;Dray and Legendre, 2008;Jombart et al., 2009) the multi-table methods benefit from recent developments in the description and analysis of spatially constrained data that subsequently allowed extrapolation to phylogenetically constrained data (e.g. Ollier et al., 2006;Pavoine et al., 2008;Pavoine et al., 2010;Jombart et al., 2010).

2-Scientific context

2.1-Group of interest

In ichthyology, research conducted in the MHNG mainly focus on the Neotropical fauna. Initiated around 30 years ago with the Characiformes, the study of South American fish is today mainly focussed on the Siluriformes, or catfish. The Neotropical freshwaters are home to one quarter of the total world ichthyodiversity, with a prediction of around 8,000 extant species out of a mean estimation of 32,000 (Lévêque et al., 2008). In Central and South America, the Ostariophysi are undoubtedly the largest represented group and among them, the Siluriformes exhibit the greatest diversity with around 1,647 described species [START_REF] Reis | Check list of the freshwater fishes of South and Central America, Edipucrs Porto Alegre[END_REF] distributed in 16 families, one of which was discovered and described only recently [START_REF] Rodiles-Hernández | Lacantunia enigmatica (Teleostei: Siluriformes) a new and phylogenetically puzzling freshwater fish from Mesoamerica[END_REF]. Within the Siluriformes, the Loricariidae, or armoured catfish, represents the most species-rich family in the world with 716 valid species and around 300 undescribed species distributed in 96 genera [START_REF] Reis | Check list of the freshwater fishes of South and Central America, Edipucrs Porto Alegre[END_REF]Ferraris, 2007).

Loricariids are characterized by a depressed body covered by bony plates, a single pair of maxillary barbels, and above all, by the modification of the mouth into a sucker disk. This structural transformation enables these fishes to adhere to the substrate, even in particularly fast flowing waters. The mouth and teeth show strong adaptations to feeding by scraping submerged substrates to eat algae, small invertebrates, detritus, and even wood. Loricariids have undergone an evolutionary radiation on a subcontinental scale, from Costa Rica to Argentina, both on the Pacific and Atlantic slopes of the Andes. They have colonized nearly all freshwater habitats from the torrential waters flowing from the Andes to quiet brackish waters of the estuaries, black and acidic waters of the Guiana Shield, and subterranean systems. Schaefer and Stewart (1993) compare this radiation to that of the Cichlidae of the Great Lakes of the Rift Valley in Africa. Extremely variable colour patterns and body shapes among loricariid taxa reflect their high degree of ecological specialization. Because of their highly specialized morphology loricariids have been recognized as a monophyletic assemblage in the earliest classifications of the Siluriformes ( de Pinna, 1998). Within the Loricariidae, members of the subfamily Loricariinae are united by a long and depressed caudal peduncle and by the absence of an adipose fin, but they exhibit substantial variation in body shape, lip morphology and dentition. Even though members of this subfamily are morphologically well characterized, the systematics of the Loricariinae remains confused and controversial, relying mainly on different authors' personal opinions. Isbrücker (1979) Loricariinae. In the same work he also described two new subtribes, Ricolina and Pseudoloricariina, developed the main characteristics of each rank: subfamily, tribe, subtribe, and genera, and provided a provisional key to the genera of Loricariidae. Rapp [START_REF] Py-Daniel | Furcodontichthys novaesi n. gen., n. sp. (Osteichthyes, Siluriformes; Loricariidae) na bacia Amazônia, Brasil. Boletim do Museu Paraense Emilio Goeldi[END_REF] described a new genus, Furcodontichthys, and placed it in the Loricariini, subtribe Loricariina. Martín [START_REF] Salazar | Dentectus barbarmatus, a new genus and species of mailed catfish from the Orinoco Basin of Venezuela (Pisces, Siluriformes, Loricariidae)[END_REF] described Dentectus as a representative of the tribe Loricariini, subtribe Planiloricariina. In this paper, he completed the diagnosis of Planiloricariina, in which he transferred the genera Rhadinoloricaria, Crossoloricaria, and Pseudohemiodon. Isbrücker et al. (1983) described Aposturisoma as a representative of the Farlowellini. Isbrücker andNijssen (1984, 1986) described Pyxiloricaria and Apistoloricaria, respectively, and placed them in the Loricariini, subtribe Planiloricariina. Using phylogenetic methods, Schaefer (1986Schaefer ( , 1987) ) established the monophyly of the Loricariinae on the basis of morphological data. Finally, [START_REF] Nijssen | Spectracanthicus murinus, nouveaux genre et espèce de poisson-chat cuirassé du Rio Tapajós, Est. Pará, Brésil, avec des remarques sur d'autres genres de Loricariidés (Pisces, Siluriformes, Loricariidae)[END_REF] suggested, referring to a Ferraris personal communication, that the Acestridiini were representatives of the subfamily Hypoptopomatinae. Schaefer (1991) confirmed this status and diagnosed the tribe Hypoptopomatini including, among others, the Acestridiini. In her PhD thesis, Rapp Py-Daniel (1997) proposed a phylogeny of the Loricariinae based on a phylogenetic analysis of morphological characters. She confirmed the monophyly of the subfamily, and of two of the three remaining tribes sensu Isbrücker (1979), Harttiini and Loricariini; members of Farlowellini were placed within Harttiini. Montoya-Burgos et al. (1998) proposed the first molecular phylogeny of the family Loricariidae with emphasis on the subfamily Hypostominae. Although, their analysis included only nine representatives of the subfamily Loricariinae, they partially confirmed their subdivision into two main groups, with Farlowella, a representative of the Farlowellini, being the sister genus of Sturisoma, a representative of the Harttiini, and Harttia located at the base of the subfamily. Outside of Harttia, the two main groups supported were Farlowella and Sturisoma sister group of the remaining six genera corresponding to Loricariini. Isbrücker and Isbrücker and Michels (in Isbrücker et al., 2001) described four new genera: Fonchiiichthys, Leliella, Quiritixys and Proloricaria, and revalidated the genus Hemiloricaria Bleeker, 1862 on the basis of a very restricted number of characters of questionable validity because they focus mainly on sexual dimorphism. Rapp Py-Daniel and Oliveira (2001) put Cteniloricaria in the synonymy of Harttia. Ferraris (2003) maintained the validity of Cteniloricaria, put in synonymy all the genera described by Isbrücker and Isbrücker and Michels (in Isbrücker et al., 2001) Rodriguez and Miquelarena (2003) who described a new Loricaria, [START_REF] Knaack | Ein neuer Prachthexenwels aus Paraguay: Hemiloricaria aurata n. sp. (Pisces, Siluriformes, Loricariidae)[END_REF] and Rodriguez and Miquelarena (2005) who respectively described a new species of Rineloricaria, and Ghazzi (2005) valid species distributed in 30 to 34 genera according to the different authors. Among all these genera, 12 to 14 are monotypic and very few of the most speciose have been revised.

Loricaria was revised by Isbrücker (1981b), Metaloricaria by [START_REF] Isbrücker | New data on Metaloricaria paucidens from French Guiana and Surinam (Pisces, Siluriformes, Loricariidae)[END_REF], Apistoloricaria by [START_REF] Nijssen | Trois nouvelles espèces du genre Apistoloricaria de Colombie et du Pérou, avec illustration du dimorphisme sexuel secondaire des lèvres de A. condei (Pisces, Siluriformes, Loricariidae)[END_REF], Farlowella by Retzer and Page (1997), Ixinandria by Rodriguez et al. (2008), and Lamontichthys by de Carvalho Paixão and Toledo-Piza (2009).

2.2-Methodological approach 2.2.1-Molecular approach

2.2.1.1-Choice of molecular markers

The genetic markers for phylogenetic reconstructions were selected in a way to provide sufficient variability to resolve generic and specific (and sometimes populational) interrelationships at the subfamilial rank. For this, we selected the mitochondrial non-protein coding genes 12S and 16S rRNA, and the fast evolving nuclear gene coding for the homolog of the zebrafish reticulon 4 receptor-like 2 a (rtn4rl2a, synonym NgRH1a) or f-rtn4 (see Montoya-Burgos et al., 2010). For biodiversity assessments we used the standard mitochondrial 648-bp 5' target region of the cytochrome c oxidase I (COI) gene proposed by the Barcoding Of Life Initiative (BOLI) (Hebert et al., 2003).

The mitochondrial 12S and 16S ribosomal RNA gene sequences encode for the two subunits of the mitochondrial ribosome. The mitochondrial genome encodes for 37 genes, of which 13 form subunits of the respiratory chain complexes. Remaining genes for these complexes are encoded by the nuclear genome. Consequently an accurate coordination between nuclear and mitochondrial genes expression is necessary. Having its own genetic code different from the nuclear genetic code, mitochondria need their own protein biosynthesis system in the form of the mitochondrial ribosome built around 12S rRNA and 16S rRNA [START_REF] Abhyankar | Comparative sequence analysis of the non-protein-coding mitochondrial DNA of inbred rat strains[END_REF]. The structure of the mitochondrial ribosome consists in a succession of structurally highly constrained regions corresponding to stems, and more relaxed ones forming loops. The stems are responsible for the secondary structure of the ribosome by pairwise nucleotide matching. The secondary structure is maintained by compensatory mutations in paired nucleotides. When one mutation occurred in one site of a stem, it is compensated by a complementary mutation in its paired nucleotide site of the paired stem. These particularities in the structure of ribosomal gene sequences provide information at different scales, from slow evolving sites in stems to fast evolving sites in loops. Different periods of utilisation of 12S and 16S for phylogenetic reconstructions have been suggested, ranging from between 300 to 150 Ma. BP [START_REF] Mindell | Ribosomal RNA in vertebrates: evolution and phylogenetic implications[END_REF] to less than 65 Ma. [START_REF] Hillis | Ribosomal DNA: molecular evolution and phylogenetic inference[END_REF]. In fish, the 12S and 16S markers are usually successfully used for the reconstruction of phylogenies at the familial rank (e.g. [START_REF] Ortí | Patterns of nucleotide change in mitochondrial ribosomal RNA genes and the phylogeny of piranhas[END_REF]Montoya-Burgos et al., 1998;[START_REF] Murphy | Phylogeny of the Neotropical killifish family Rivulidae (Cyprinodontiformes, Aplocheiloidei) inferred from mitochondrial DNA sequences[END_REF][START_REF] Wilson | Male pregnancy in seahorses and pipefishes (family Syngnathidae): rapid diversification of paternal brood pouch morphology inferred from a molecular phylogeny[END_REF][START_REF] Rüber | Molecular phylogenetics and evolutionary diversification of labyrinth fishes (Perciformes: Anabantoidei)[END_REF][START_REF] Shimabukuro-Dias | Molecular phylogeny of the armored catfish family Callichthyidae (Ostariophysi, Siluriformes)[END_REF][START_REF] Campo | Phylogeny of the genus Merluccius based on mitochondrial and nuclear genes[END_REF][START_REF] Hrbek | A phylogenetic and biogeographic perspective on the evolution of poeciliid fishes[END_REF][START_REF] Almada | Phylogenetic analysis of peri-Mediterranean blennies of the genus Salaria: molecular insights on the colonization of freshwaters[END_REF][START_REF] Cowman | Dating the evolutionary origins of wrasse lineages (Labridae) and the rise of trophic novelty on coral reefs[END_REF][START_REF] Fernández | Relationships among the Neotropical Candirus (Trichomycteridae, Siluriformes) and the evolution of parasitism based on analysis of mitochondrial and nuclear gene sequences[END_REF][START_REF] Cooper | Exploring the radiation of a diverse reef fish family: phylogenetics of the damselfishes (Pomacentridae), with new classifications based on molecular analyses of all genera[END_REF][START_REF] Javonillo | Relationships among major lineages of characid fishes (Teleostei: Ostariophysi: Characiformes), based on molecular sequence data[END_REF][START_REF] Straube | Molecular phylogeny and node time estimation of bioluminescent Lantern Sharks (Elasmobranchii: Etmopteridae)[END_REF].

Reticulons (RTNs) are membrane-bound proteins mainly anchored on the membrane of the smooth endoplasmic reticulum (van de [START_REF] Van De Velde | NSP-encoded reticulons, neuroendocrine proteins of a novel gene family associated with membranes of the endoplasmic reticulum[END_REF]. The rtns genes code for a large RTN protein family present in eukaryote's genome. RTNs have arisen during early eukaryotic evolution potentially concerned to the establishment of the endomembrane system [START_REF] Oertle | A reticular rhapsody: phylogenic evolution and nomenclature of the RTN/Nogo gene family[END_REF]. In chordates, four paralogs of the rtn family are identified: namely rtn1, rtn2, rtn3, and rtn4/nogo [START_REF] Oertle | A reticular rhapsody: phylogenic evolution and nomenclature of the RTN/Nogo gene family[END_REF] that arose by duplication events before the divergence of sarcopterygians and actinopterygians [START_REF] Diekmann | Analysis of the reticulon gene family demonstrates the absence of the neurite growth inhibitor Nogo-A in fish[END_REF]. In fish, all paralogs have six C-termini exons encoding the Reticulon Homology Domain (RHD) [START_REF] Oertle | A reticular rhapsody: phylogenic evolution and nomenclature of the RTN/Nogo gene family[END_REF]. Among rtns' products, RTN4 (Nogo), and particularly RTN4-A has been intensively investigated in mammals. RTN4-A/Nogo-A is thought to be an inhibitor of neurite outgrowth, restricting the regenerative capabilities of mammalian central nervous system (CNS) after injury [START_REF] Oertle | A reticular rhapsody: phylogenic evolution and nomenclature of the RTN/Nogo gene family[END_REF]. Contrary to mammals, lesioned axons regenerate in fish CNS due to different evolutionary origins of mammalians and fish rtn4 N-termini [START_REF] Diekmann | Analysis of the reticulon gene family demonstrates the absence of the neurite growth inhibitor Nogo-A in fish[END_REF]. Rtns contain multiple large introns. The variability of the first intron has been investigated in Loricariidae by Fisch-Muller et al. (in press) (Annex 3) as comparative nuclear marker in a barecoding study. In mammals, the first large intron contains promoters for alternative transcriptional initiation [START_REF] Yan | Reticulon proteins: emerging players in neurodegenerative diseases[END_REF]. In zebrafish (Brachydanio rerio) and fugu (Takifugu rubripes), rtn4 is formed by at least nine and eight exons respectively [START_REF] Diekmann | Analysis of the reticulon gene family demonstrates the absence of the neurite growth inhibitor Nogo-A in fish[END_REF]. In zebrafish, three different mRNAs are generated from rtn4 by alternative promoter usage, each consisting in a specific exon and the RHD [START_REF] Diekmann | Analysis of the reticulon gene family demonstrates the absence of the neurite growth inhibitor Nogo-A in fish[END_REF]. The highly conserved RHD is present in all RTN members and consists in 186 amino acids in zebrafish. The RHD is characterized by a hydrophilic loop of 66 amino acids flanked by two putative transmembrane segments and a hydrophilic tail [START_REF] Yan | Reticulon proteins: emerging players in neurodegenerative diseases[END_REF]. Part of the f-rtn4 gene (excluding too conserved regions such as the RHD) has been successfully used for the reconstruction of the phylogenetic tree of the loricariid subfamily Hypoptopomatinae (Chiachio et al., 2008), and in a populational study of Guyanancistrus brevispinis within the Guianas using the first intron (Cardoso and Montoya-Burgos, 2009).

The COI gene encodes part of a large enzymatic complex of the mitochondrial respiratory chain. The sequence, due to the degenerate nature of the genetic code, possesses high mutational rates in third and first positions of codons, despite relative conservation in amino acids [START_REF] Ward | An analysis of nucleotide and amino acid variability in the barcode region of cytochrome c oxidase I (cox1) in fishes[END_REF]. These high mutational rates allow therefore the rapid accumulation of mutations between sequences that forms the basis of the barcode system. The differences accumulated are expected to be low within species due to the constant transmission of mitochondria, and high between species due to the absence of mitochondrial exchanges. The COI barcode system has already been efficiently used in quantifying and qualifying fish diversity [START_REF] Ward | Barcoding Australia's fish species[END_REF]Hubert et al., 2008;[START_REF] Ward | REVIEW PAPER: The campaign to DNA barcode all fishes, FISH-BOL[END_REF][START_REF] Valdez-Moreno | Probing diversity in freshwater fishes from Mexico and Guatemala with DNA barcodes[END_REF][START_REF] Lara | DNA barcoding of Cuban freshwater fishes: evidence for cryptic species and taxonomic conflicts[END_REF], and successfully highlighted cryptic species (e.g. Ward et al., 2008a;Ward et al., 2008b;[START_REF] Lara | DNA barcoding of Cuban freshwater fishes: evidence for cryptic species and taxonomic conflicts[END_REF]Fisch-Muller et al. (in press) (Annex 3)).

2.2.1.2-Alignments and reconstruction methods

The alignment represents one of the most crucial steps in the analysis of DNA sequences. This step determines to homology between positions of the different sequences that will be subsequently analysed by tree reconstruction methods. If the alignment is easily tractable manually in small datasets of coding regions between closely related taxa, this task becomes rapidly intractable with the progressive increase of taxa, and complexity of the data (e.g. due to insertion deletion events). Different automated methods have been developed to reconstruct multiple alignments such as MUSCLE (Edgar 2004a;2004b), MAFFT [START_REF] Katoh | MAFFT: a novel method for rapid multiple sequence alignment based on fast Fourier transform[END_REF]), or Clustal W (Thomson et al., 1994). Probably one of the most used remains Clustal W or its version using a Graphical User Interface Clustal X. Automated alignment methods are powerful but often result in suboptimal solutions, especially in non coding regions which often display size polymorphism. Final alignment is consequently often optimized by eye by users (i.e. manually), and ambiguously aligned positions are thus simply discarded before tree reconstruction. However, simply removing ambiguous positions can result in the loss of a large amount of informative sites [START_REF] Lutzoni | Integrating ambiguously aligned regions of DNA sequences in phylogenetic analyses without violating positional homology[END_REF], since only part of a column can be ambiguously aligned, and the process of determining which regions of the alignment are ambiguous is ad hoc and can be highly subjective [START_REF] Redelings | Joint Bayesian estimation of alignment and phylogeny[END_REF]. To minimize this potential bias, different solutions were proposed. [START_REF] Hall | Comparison of the accuracies of several phylogenetic methods using protein and DNA sequences[END_REF] proposed to maximize an objective function such as the average quality score (or Q score; Thomson et al., 1997) using different values of gap penalties in Clustal X in order to obtain a final alignment of maximal mean Q score. Löytynoja and Milinkovitch (2001) developed SOAP to explore the alignment's space using progressive increase of gap penalties in Clustal W to generate n multiple alignments. These n alignments are then simultaneously compared to a reference alignment (e.g. using default gap penalties parameters) to detect instable positions. However, the choice of values for gap penalties remains arbitrary for the determination of the alignment's space to explore. Moreover, different biases were also signaled such as those introduced by the guide tree computed by Clustal using a preliminary pairwise alignment to perform the final multiple alignment. [START_REF] Lake | The order of sequence alignment can bias the selection of tree topology[END_REF] demonstrated that the order of the alignment (so the guide tree) dominated the reconstructed phylogenetic tree topology. Nevertheless, no consensus was reached on this question. [START_REF] Hall | Phylogenetic trees made easy: a how-to manual[END_REF] stated that their was no effect of the guide tree on multiple alignment, what was confirmed by [START_REF] Nelesen | The effect of the guide tree on multiple sequence alignments and subsequent phylogenetic analyses[END_REF] who demonstrated that changes in the guide tree do not impact the accuracy of the estimated alignments. Alternatively [START_REF] Kumar | Multiple sequence alignment: in pursuit of homologous DNA positions[END_REF] found a strong effect of the guide tree on downstream phylogenetic inferences, but concluded that "the implicit consolation has been that at least incorrect phylogenetic clusters will not garner high statistical support". So, what could be the consequences of ambiguously aligned positions on downstream phylogenetic reconstructions? [START_REF] Hall | Comparison of the accuracies of several phylogenetic methods using protein and DNA sequences[END_REF], based on a widely accepted idea, stipulated that it was a truism that the quality of a tree could not be better than the quality of the alignment used to estimate that tree. Additionally, [START_REF] Rosenberg | Evolutionary distance estimation and fidelity of pair wise sequence alignment[END_REF] demonstrated that the accuracy of the alignment was largely dependent on the distances among sequences; the more closely related the more accurately aligned (and conversely). A first evaluation of this a priori was assessed by [START_REF] Ogden | Multiple sequence aligment accuracy and phylogenetic inference[END_REF] who demonstrated that balanced reconstructed topologies were much less affected by alignment error than pectinate topologies, and that the degree to which the balanced trees were robust to alignment inaccuracy was unexpected.

Essentially, alignments that were 50% inaccurate for balanced, ultrametric, equal branch length tree shapes, showed no average disadvantage as compared to the true alignments. In addition, in the same study, these authors demonstrated that probalistic tree reconstruction methods (Maximum Likelihood and Bayesian), outperformed distances (e.g. Neighbor Joining) and Maximum Parsimony based methods in terms of tree reconstruction accuracy.

The Maximum Likelihood method consists in selecting the hypothesis maximizing the probability of observing the data. Introduced in phylogeny by [START_REF] Edwards | Reconstruction of evolutionary trees[END_REF] and Felsenstein (1981), the ML method tries to maximize the likelihood of the data, given a stochastic evolutionary model and a tree topology. Doing so, several parameters of the tree are optimized such as topology and branch lengths. The ML criterion is also at base of the Bayesian inference. The assumption differs from the preceding in that the Bayesian method seeks the hypothesis of maximal probability knowing the data. In this case, Bayesian inference (sensu [START_REF] Rannala | Probability distribution of molecular evolutionary trees: a new method of phylogenetic inference[END_REF] searches for the tree of maximum posterior probability.

2.2.2-Morphological approach

Characterizing the biodiversity implies a clear delineation of what can be considered as distinct species. In systematics, the typological approach relies essentially on specimens, and perhaps the most straightforward mean to delineate species consists in an evaluation of the morphological characters. One can notice that using morphological characters to delineate species is far from the usual [START_REF] Mayr | Animal species and evolution[END_REF] definition of the biological species: a complex of interbreeding individual organisms co-existing at one point in time which is genetically isolated from other such complexes (for a reviews on species concepts see [START_REF] Kottelat | European freshwater fishes[END_REF][START_REF] Bock | Species: The concept, category and taxon[END_REF]. However, morphology remains one of the only mean to characterize and describe new taxa, and systematists often deal with a morphological species concept. The International Code of Zoological Nomenclature (1999) provides the legal frame for the establishment of new taxa and correct use of the newly formed names, and by the way ensures their stability. It establishes a set of rules and recommendations that must be followed. For example, to be valid when established, a new taxon (species-group level) must: follow the principle of the binomial nomenclature, be considered as the valid name with clear intention to publish this name as new, and provide a description of the distinctive characters (i.e. the diagnostic characters). In addition the name-bearing types (a holotype or syntypes) of a new species must be fixed and have to be held in trust for sciences as they are the international standards of reference. The holotype can be designated with one or more complementary specimens: the paratypes, both (holotype plus paratypes) constituting the type series. The paratypes are often added to integrate as much as possible the observed variability of the taxon in its formal description. The holotype not only fixes the taxonomy, but also the type locality of the species. The main approach consists thus to define species on the basis of observed similarities or differences. This step can be highly subjective, and different methods were developed to provide objective criteria in the delineation of species boundaries using morphological characters (e.g. numerical taxonomy). This approach assumes also a priori a correlation between morphological evolution and genetic evolution leading to reproductive isolation, both being related at larger scale to genomic evolution. Moreover, even though apparently related, one must make a difference between searching for distinctive morphological characters to differentiate species and the cladistic method.

The cladistic method aims to classify the different species according to shared derived characters called synapomorphies. All species belonging to a monophyletic assemblage, or clade, possess thus these synapomorphic features in regard to their sister group that possess other distinct shared characters. Synapomorphies are not useful in species delineation since these features are shared by all close relatives. Unique characters for a given taxon, that are the main objective of the taxonomist, are called autapomorphies. By essence, these characters are uninformative in cladistics, but highly valuable as diagnostic features (i.e. features that distinguish the taxon from all others). This kind of character is often qualitative and usually coded in a binary fashion as presence-absence data or multistate data that are easily tractable by usual multivariate methods such as Correspondence Analysis (CA) and Multiple

Correspondences Analysis (MCA).

Alternatively other methods relying on a quantitative approach have been developed for morphological studies by providing measurements of the form of specimens. This kind of method belongs to the field of morphometrics which is the study of form as the result of variations in shape and size [START_REF] Richtsmeier | The promise of geometric morphometrics[END_REF]. Morphometrics investigates shape and size variations and covariations, and their covariations with other variables [START_REF] Claude | Morphometrics with R. 316 p[END_REF].

Two approaches using different data types were developped, the traditional morphometrics relying on the analysis of linear measurements, counts, angles, and ratios, and the geometric morphetrics relying on the analysis of landmark coordinates. Landmarks correspond to points located in homologuous positions between the compared objects (e.g base of fins' insertion, extremity of a given structure such as a bone…). Both approches possess their own advantages and disadvantages, and if geometric morphometrics was developped with a strong theoretical background (e.g. [START_REF] Bookstein | Morphometric Tools for Landmark Data: Geometry and Biology[END_REF][START_REF] Zelditch | Geometric morphometrics for biologists: a primer[END_REF][START_REF] Claude | Morphometrics with R. 316 p[END_REF], and seems effectively more powerful in the quantification of variations in shape and size, outputs of the traditional approach are often easier to interpret as the use of morphological variables is often more intuitive than landmarks. Moreover, both approaches often produce comparable results (e.g. Parson et al., 2003;[START_REF] Maderbacher | Assessment of traditional versus geometric morphometrics for discriminating populations of the Tropheus moorii species complex (Teleostei: Cichlidae), a Lake Tanganyika model for allopatric speciation[END_REF][START_REF] Sidlauskas | Dealing with allometry in linear and geometric morphometrics: a taxonomic case study in the Leporinus cylindriformis group (Characiformes: Anostomidae) with description of a new species from Suriname[END_REF]. In addition, traditional morphometric data are easily tractable using Principal Components Analysis (PCA) or Discriminant Analysis (DA).

2.2.3-field approach

Complementary to collection and lab works, I had the opportunity to participate in, and also to conduct different field trips in South America. These missions took place in French Guiana, Suriname, Guyana, and Peru, and followed several other missions previously organized in Brazil, Peru, Paraguay, or Panama. These field works allow the regular increase of MHNG collections in specimens and tissue samples, and provide often opportunities for the discovery of species unknown to science. Moreover, as stated above concerning the typological approach, type localities are fixed when such new species are described. Field collects represent thus a relevant and necessary mean to reach this goal (among other problematic) and allow a better description and characterization of these localities.

Additionally to the collect of specimens and tissue samples for morphological and molecular analyses, field observations are consequently equally conducted. After catching, specimens are photographed and referenced using field numbers, fin clips for DNA studies are taken and identified using the same numbers, and specimens are fixed for long term preservation. Doing so, collecting points or localities are georeferenced using the Global Positioning System for latitude, longitude and altitude. Water parameters such as conductivity, pH, and temperature are also recorded, with the more recent addition of turbidity and amount of dissolved oxygen.

Qualitative descriptive information on biotopes such as type of substrate (e.g. rocks, stones, gravels, sand, mud, or organic matter), water velocity, or type of river (e.g. forest creek, large river, water fall, or estuary) is also noted. This kind of data represents valuable information for characterizing fish environment and are classically used in fish ecological studies such as fish-habitat relationships (for French Guiana see e.g. [START_REF] Mérigoux | Fish richness and species-habitat relationships in two coastal streams of French Guiana, South America[END_REF][START_REF] Mérigoux | Species traits in relation to habitat variability and state: Neotropical juvenile fish in floodplain creeks[END_REF]; for a review see de Mérona et al, in press).

2.2.4-Multi-tables approach

Standard approaches, such as those presented above, provide their own data type, reply to a single question at a time, and are often organized around the same central biological problematic. Unifying these different data sources, that can be of different statistical nature, into the same exploratory or descriptive frame remains a challenging task. These different data, organized into separate tables, often rely on the same statistical units (e.g. the specimens, the stations…) establishing therefore a link between tables, and can be described by multiple descriptors (e.g. genetic data, morphometric data, environmental parameters…). A possibility to unify these observations consists thus or to perform an analysis of the coupled tables and to search for a mean to gain independence from the nature of the data (quantitative and qualitative) to make them compatible, or to perform preliminary analyses on the separate tables according to the nature of the data, and to search for similar patterns in the different analyses, to include them into the same global analysis.

The first approach was reached by Hill and Smith (1976) who provided a mean to perform a PCA on a table mixing quantitative and qualitative data. In the Hill and Smith Analysis (HSA), quantitative data are first subjected to a PCA whereas qualitative data are subjected to a MCA. Then both types of data are made compatible by reweighting the columns to provide the same importance to each variable in the analysis, even though qualitative variables possess several modalities. While PCA looks for axes that maximize square of correlations of the quantitative variables, and MCA looks for axes that maximize the sum of ratios of correlations between modalities of the qualitative variables, the HSA establishes a compromise between these two analyses by looking for axes that maximize the mean of the square of correlations (quantitative variables) and the ratios of correlations (qualitative variables). This idea of compromise between different types of data represents the key stone of the multi-table approach, and in this sense, the HSA represents a first step in the simultaneous analysis of multiple data sources. This analysis was successfully used by Covain and Fisch-Muller (2007) (see Annex 2) to sort quantitative and qualitative morphological characteristics classically used as diagnostic features for the establishment of an identification key for the different genera of the Loricariinae.

The second point of view is reached by the so-called multi-table analyses. These analyses look for common structures present in the data sets, and include them in the same descriptive frame. Initially devoted to the study of ecological patterns such as species-habitat relationships, the co-structure analyses try to bring out common information present in different data sets, for example, to establish the relationships between species distributions and environmental parameters recorded for the same localities. This aspect has been unified by Dolédec and Chessel (1994), when they developed the co-inertia analysis (CIA). The CIA aims to extract the joint structure between two tables relying on the same statistical units. The mathematical model of CIA is given in Dolédec and Chessel (1994) and in Dray et al. (2003b). The two studied tables (e.g. species occurrences and environmental parameters for several localities) are first submitted to preliminary analyses (e.g. PCA, MCA, CA, HSA) and united by the CIA to describe the common structure present in both tables. Results of the CIA consist in two new sets of scores of maximum covariance. The CIA indeed maximizes a compromise between the structure of the first table (e.g. a table containing species occurrences at different localities), the structure of the second table (e.g. a table containing environmental parameters for the same localities), and their link. Subsequently, [START_REF] Dolédec | Matching species traits to environmental variables: a new three-table ordination method[END_REF] extended the concept of co-inertia to three tables, and developed the RLQ analysis.

The RLQ analysis aims to investigate the relationships between a table R (e.g. a table of species traits providing external information about rows) and a table Q (e.g. a table of sites' environmental variables providing external information about columns), united by a link table L (e.g. a species by site cross table), and establishes a compromise by extracting the joint structure between them. The RLQ differs from the CIA in that the relationships between the two tables R and Q is provided by the third table L, whereas in CIA this relationship is directly provided by the rows (i.e. the same statistical units) of the two studied tables. The mathematical model of RLQ is described in [START_REF] Dolédec | Matching species traits to environmental variables: a new three-table ordination method[END_REF] with adaptations in Dray et al. (2002), and Dray and Legendre (2008). The RLQ analysis consists in an eigenvalue decomposition of the cross-table L that provides ordination axes (e.g. species distribution) onto which scores obtained from preliminary analyses of both tables R and Q (e.g. traits and environmental data) are projected. Results of RLQ consist in two new sets of scores for the two tables R and Q of maximal covariance when the link table is submitted to a CA [START_REF] Dolédec | Matching species traits to environmental variables: a new three-table ordination method[END_REF]. Finally, the co-inertia criterion was extended to K tables by Chessel and Hanafi (1996) who developed the multiple co-inertia analysis (MCOA). MCOA identifies the common structure present in multiple datasets (n = k > 2) relying on the same statistical units by providing a consensual typology (the compromise) maximizing the link with all tables simultaneously. This link is expressed by the sum of squared covariances between the linear combinations of the variables of each table and the compromise.

3-Objectives of this thesis

This manuscript is centred on the biological question of the evolution of the highly diversified Loricariinae. For this, I tried to benefit from the singularity of the three institutes (MHNG, LBBE, and GenEv) to investigate evolutionary patterns in this subfamily.

Particularly, I tried to benefit from the recent developmental advances in multi-table analyses (and software through the free software R) and detection of new fast evolving markers, for the study of exhaustive and well documented datasets obtained from specimens, tissue samples for DNA analyses, and field observations. For this, since phylogenetic trees represent qualitative objects that can be easily converted into quantitative objects using patristic distances to create distances matrices (and as stated above, branch lengths are optimized for a given data set and evolutionary model using the ML criterion), phylogenetic information can be integrated in a first table that can be submitted to a Principal Coordinates Analysis (Gower, 1966). This first analysis represents thus the first step for the exploration of multiple tables relying on the same individuals. The use of multi-table analyses provided the necessary unifying descriptive frame to reach the main objective of the present thesis. The adaptation of multi-table analyses to a phylogenetic and evolutionary context allowed indeed the exploration of different types of data reinforcing significantly our knowledge of the group in integrative taxonomical and evolutionary purposes. When one of the data sets represents the phylogeny, all related structures in other tables can indeed be linked together to the phylogeny and interpreted in an evolutionary perspective. This approach allowed to explore relationships between morphological, ecological, distributional, and ethological data and to reveal evolutionary trends shaped through time in Loricariinae. Moreover, establishing a link between a phylogeny and different type of data implies that these data are under phylogenetic dependence. This central concept in comparative biology stipulates that because of the heritability of biological traits from common ancestors, the observations conducted between species are non independent (see Harvey and Pagel, 1991). Different methods have been developed to detect phylogenetic dependence in comparative data, one of the latest being the orthogram (Ollier et al., 2006). The orthogram decomposes the trait variance along a phylogenetic tree represented as an orthonormal basis. However, in its original form, the orthogram can only deal with quantitative data. The extension of the orthogram to the quantitative and multivariate cases was thus a prerequisite for a comprehensive study of the evolution of biological traits in the Loricariinae. This unifying structure, making each test directly comparable, allowed consequently the development of a new multivariate method for the exploration of patterns of co-evolution among multiple traits along a phylogeny. This new approach adapts the multi-scale pattern analysis (MSPA) technique developed for the analysis of spatial data (Jombart et al., 2009) into a phylogenetic context. This new analysis differs from the classical multi-table approach by the way to describe the phylogeny that is directly used as exploratory variable. The progressive establishment of robust and exhaustive phylogenies allowed the revision of the systematics of the Loricariinae, and the description of the new taxa highlighted by the combined analyses. The manuscript is organised in chapters centred on the main problematic and corresponding to the objectives stated below.

First, an evaluation of the multi-table approach was performed using the CIA to explore the co-structure between a phylogeny reconstructed using mitochondrial markers, and the morphological data set previously published by Covain and Fisch-Muller (2007) 

(Annex 2).
In addition, the systematics of the Loricariinae was revised, and the phylogenetic dependence of the morphological characters classically used to describe the different genera was assessed.

Second, based on previously known collection specimens (a single in MHNG) and additional freshly collected material from Peru, a new genus and new species was described to clarify the systematics of the group. Additionally, an evaluation of the alignment, especially in intronic regions of the new f-rtn4 marker was performed prior to reconstruct the first phylogeny of the Loricariinae mixing mitochondrial and nuclear information (for the characterization of the first intron of f-rtn4 see in press;Annex 3).

Third, the MCOA was evaluated in a global assessment of the diversity of a tribe of the Loricariinae, the Harttiini, within the Guianas. Following a first study restricted to a single genus of this tribe in a single country (Covain et al., 2006; Annex 1), genetic, morphometric, and ecological-distributional information of all Guianese populations and species of this tribe were united in the same descriptive frame to reveal underlying evolutionary forces shaping their diversification throughout the Guianas. In addition several new highlighted taxa were described.

Fourth, the RLQ analysis was evaluated to detect co-dispersion events in two co-distributed groups of the Loricariidae: the Harttiini tribe, and the Hypostomus genus. The detection of common structures in both phylogenies being potentially related to co-dispersion events, the dating provided in one phylogeny for the dispersion of Hypostomus species were applied to the phylogeny of Harttiini to propose a phylogeographic hypothesis for the historical diversification of this tribe at the sub-continental scale.

Fifth, an exhaustive phylogeny was reconstructed (350 OTUs), the orthograms were generalized and the MSPA was evaluated on an extended data set mixing quantitative (discrete and continuous), qualitative (binary, multistate, and ordinal), intraphenotypic (morphology, ethology) or extraphenotypic (environmental parameters) to detect co-evolution among multiple traits along the phylogeny, and thus revealing variables involved in the main evolutionary innovations of the Loricariinae. In addition evolutionary patterns for these innovations were revealed and a dating for the appearance of these structures was proposed.

These five studies are developed in respective order in the subsequent chapters. Three of them are already published or in press, and two are presented as articles to be submitted.

Three additional works directly related to the present thesis are appended in annexes to provide substantial complementary information.

Introduction

The increasing amount of robust molecular phylogenies, often based on multiple genes, is gradually setting aside the concern of reconciling the phylogenies based on molecules and morphology. As a consequence, studies based on morphological traits incur the risk of a significant decline. The evolution of morphology, visible traits or phenotypes, remain however essential for the understanding of the evolutionary history of a group. A meaningful approach for a comprehensive understanding of the evolution of a given taxon is to first generate a well supported molecular phylogenetic tree and thereafter interpret the evolution of morphological traits in the light of this phylogeny. This principle is followed in the character mapping methods available, either via parsimony or using stochastic models.

The evolution of traits (morphology, ecology, behavior …) may be plastic and stochastic or, to the contrary, traits may evolve according to a trend tightly linked to the phylogeny of the group. Only those characters displaying variations correlated to a given phylogeny may have their evolution interpreted in the light of that phylogeny. Therefore, testing for phylogenetic dependence is a first and unavoidable step to study the evolutionary relationship between a life trait and the phylogeny (Ollier et al., 2006). Several methods have been developed to detect phylogenetic dependence in comparative data (e.g. Felsenstein, 1985a;Cheverud et al., 1985;Gittleman and Kot, 1990;Harvey and Pagel, 1991;Lynch, 1991;Diniz-Filho et al., 1998;Pagel, 1999a;Abouheif, 1999, Blomberg et al. 2003;Ollier et al. 2006; for reviews see Rholf, 2001;Blomberg et al. 2003). Probably the most popular tests were developed by Abouheif (1999) who modified two previously existing tests, the Test For Serial Independence (TFSI) (von Neumann et al., 1941), and the RUNS test (Sokal and Rholf, 1995), which can detect phylogenetic autocorrelation for quantitative and qualitative variables respectively. These tests have the advantage of needing only the topological structure of the tree, which allows the use of a wide range of tree sources (cladograms, phylograms, consensus trees, supertrees …). Each character under study must be however individually tested according to its quantitative or qualitative nature. Therefore, this procedure becomes fastidious when the tree topology is complex, and when the number of traits under study is important.

After testing for the phylogenetic dependence of the character, their evolution can be reconstructed along the given phylogenetic tree. Several methods have been proposed for reconstructing ancestral states or for mapping characters on the tree in order to test hypotheses about the evolution of the selected characters (Schluter et al., 1997;Pagel, 1999b;Huelsenbeck et al., 2003;Pagel et al., 2004). They provide a graphical view of the best possible reconstruction of the evolution of the trait assuming an implicit process of evolution (Maximum Parsimony mapping) or an explicit model of evolution (Maximum Likelihood, Stochastic, and Bayesian ancestral state reconstructions). Alternatively, the orthogram method developed by Ollier et al. (2006) represents a relevant approach that detects and characterizes phylogenetic dependence, and at the same time highlights different pattern of evolution along a phylogenetic tree. However, this method can treat only quantitative data.

Here we present a new approach to detect phylogenetic dependence of characters of different type in a fast, simultaneous and reliable way. Our approach is based on the co-inertia analysis (Dolédec and Chessel, 1994) to assess the common information present within a genetic and a morphological data set. It allows identifying the morphological variables that possess a strong covariation with the phylogeny in a pool of many different morphological variables, either quantitative or qualitative. The strength of our approach is to provide a direct graphical interpretation of the explored data sets. The phylogenetically informative morphological variables can be easily detected as well as the variables unlinked to the phylogeny. This last class of variables is discarded from further analyses as they represent evolutionary "noise". The co-structure can be represented in a phylogram summarizing the total amount of convergent information present in both molecular and morphological data sets.

We have implemented our new approach for identifying morphological characters varying dependently from the phylogeny, and have reconstructed their evolution in a group of highly derived catfishes, the Loricariinae. Our work has therefore started by the reconstruction of a robust molecular phylogeny of this group based on partial 12S and 16S mitochondrial genes. The Loricariinae represents a diversified subfamily among the large Neotropical catfish family Loricariidae, or armored catfish. Loricariids are characterized by a modification of the mouth structure into a sucker disk, by a body covered with bony plates, and by a unique pair of maxillary barbels. Loricariids have undergone an evolutionary radiation at a subcontinental scale, from Costa Rica to Argentina, which has been compared to that of the Cichlidae of the Great Lakes of the Rift Valley in Africa (Schaefer and Stewart, 1993). Among Loricariids, members of the Loricariinae subfamily are characterized by a long and depressed caudal peduncle and by the absence of an adipose fin. They live stuck to the substrate and show marked variations in body shape due to the various habitats colonized, from lotic to lentic systems, on inorganic or organic substrates. Some groups have numerous teeth, pedunculated, and organized in comb, while other groups have few teeth or even no teeth on premaxillae. These latter are often strongly differentiated, and can be bicuspid straight and thick, spoon-shaped, reduced in size or very long. An important diversity in lips structure, which can be strongly papillose, filamentous or smooth, also characterizes this subfamily (Covain and Fisch-Muller, 2007).

Modern classification of Loricariinae started with Isbrücker (1979) who proposed a subdivision into four tribes and eight subtribes on the basis of morphology. These included the Loricariini (comprising six subtribes), the Harttiini (including two subtribes), the Farlowellini, and the Acestridiini. Schaefer (1987) established the monophyly of the Loricariinae on the basis of morphological data, and placed the Acestridiini into another subfamily, the Hypoptopomatinae (Schaefer, 1991). Rapp Py-Daniel (1997) confirmed the monophyly of the subfamily and of the Loricariini sensu Isbrücker (1979) Covain and Fisch-Muller (2007) was used here to test our new approach for detecting morphological characters linked to the phylogeny. Then, the evolution of the retained characters has been inferred.

Material and methods

Taxonomic sampling.

The molecular phylogeny was established for 14 genera totalizing 20 species of Loricariinae. Taxonomic sampling was chosen in a way to include at least one representative of the different morphological groups defined in Covain and Fisch-Muller (2007). The outgroup was chosen in another subfamily of Loricariidae. The list of material used for this study is given in Table 1. The analyzed samples came from the tissue collection of MHNG, Geneva, and the sequences were deposited in GenBank. The morphological characters analyzed in this study are presented in Covain and Fisch-Muller (2007) and summarized at the end of Table 3. (Applied Biosystems, Perkin-Elmer). To obtain the complete sequence of the amplified region, an internal primer was designed: Lor12S-3D 5'-CCT CGT ACC TTT TGC ATC ATG-3'.

Sequence alignment and phylogenetic reconstruction.

The DNA sequences were edited and assembled using BioEdit 7.0.1 (Hall, 1999).

Alignment was realized using ClustalW (Thompson et al., 1994) and optimized by eye.

Regions with ambiguous alignments were excluded from the analyses. Phylogenetic reconstructions were performed with PAUP* 4.0b10 (Swofford, 2003) following three methods: Neighbor-joining (NJ) (Saitou and Nei, 1987), Maximum parsimony (MP), and Maximum likelihood (ML) (Felsenstein, 1981). The model of substitution that best fitted the data was determined by Modeltest 3.06 [START_REF] Posada | MODELTEST: testing the model of DNA substitution[END_REF]. The best fit model was used for the ML tree reconstructions and to correct the distance matrix for NJ analysis.

Robustness of the results was estimated by resampling the data set with the nonparametric bootstrap (Efron, 1979) following Felsenstein's (1985b) methodology with 1000 replicates for NJ and MP methods, and with 200 replicates for ML method. Alternative topologies were investigated using the Shimodaira and Hasegawa (SH) test (1999) that allows comparison between the best ML tree and an alternative topology [START_REF] Goldman | Likelihood-based tests of topologies in phylogenetics[END_REF]. SH tests were performed using PAUP* 4.0b10 with 2000 RELL replicates.

Co-structure analysis between morphology and genetics (CIA).

To highlight a possible relationship between the information of morphological data provided in Covain and Fisch-Muller (2007), and the one provided by our molecular data, both data sets were analyzed by Co-inertia Analysis (CIA) (Doledec and Chessel, 1994).

Taxonomical sampling was modified in order to keep the same 14 genera present in both data sets. For this, when more than one representative of a given genus was present in the molecular data set, all except one were pruned, that is to say: Loricaria parnahybae, Loricariichthys microdon, Rineloricaria sp. Tocantins, Rineloricaria platyura, Farlowella oxyrryncha, and Sturisoma nigrirostrum. Because morphological characters analyzed here are homogenous within genera, only generic names are given in the CIA and subsequent analyses.

Molecular data were converted into a distance matrix corrected according to the model of substitution re-estimated by Modeltest 3.06 [START_REF] Posada | MODELTEST: testing the model of DNA substitution[END_REF]. This matrix was then rendered Euclidian using Lingoes' (1971) method. Principal Coordinate Analysis (PCoA) (Gower, 1966) was performed on this corrected distance matrix to reveal the structuring of the genetic data set. This analysis provide a tree free representation of the phylogenetic data set onto axes, where the pairwise distances between genera are exactly the genetic pairwise distances of the matrix. Morphological data were analyzed by Hill and Smith Analysis (HSA) (1976) to reveal their structuring. The HSA consists in a Principal

Component Analysis (PCA) of a table mixing quantitative and qualitative variables. These two simple analyses (PCoA and HSA) were then coupled by a CIA to study a possible costructure of each type of information. This analysis describes the common structure of both tables measured on the same statistical units (herein the genera). The mathematical model of CIA is given in Dolédec and Chessel (1994) and in Dray et al. (2003) ). Thus, the CIA maximizes a compromise between the structure of morphological information ( var( ) a ), the structure of phylogenetic information ( var( ) b ), and their link ( cor( , ) a b ). To assess the significance of the CIA results, a Monte-Carlo permutation test was computed on the RV coefficient [START_REF] Robert | A unifying tool for linear multivariate statistical methods: the RV coefficient[END_REF].

This procedure tests the link between two tables by permuting simultaneously the rows of both tables. Then, the common structure of the tables has been extracted by computing Euclidian distances between genera using the CIA scores of both tables. This new distance matrix was submitted to a hierarchical analysis using Fitch and Margoliash (FM) (1967) algorithm, resulting in a phylogram showing the relationships that are strictly congruent between both data sets. The FM phylogram was calculated using the global optimization criterion with negative branch lengths allowed, and 999 random permutations for the input order of taxa. The most external group within Loricariinae, according to the results of the phylogeny, was used to root the tree. Multivariate analyses were conducted using ADE-4 software (Thioulouse et al., 1997), and the phylogram was calculated with the Fitch module in PHYLIP 3.66 package [START_REF] Felsenstein | PHYLIP (Phylogeny Inference Package) version 3.6. Distributed by the author[END_REF].

Identification of phylogenetically dependent variables.

Phylogenetically dependent variables are given by the CIA as those that show the strongest covariation with the phylogeny (i.e., variables with the most important absolute contributions, and the longest vectors when projected onto axes). In order to have an independent confirmation of the results obtained by our approach (CIA results), quantitative variables were submitted to the Test For Serial Independence (TFSI) (von Neumann et al., 1941), and qualitative variables to the RUNS test (Sokal and Rholf, 1995) following Abouheif's (1999) procedures, as implemented in Phylogenetic Independence version 2.0 [START_REF] Reeve | Phylogenetic Independence Version 2.0. Distributed freely by the authors on request[END_REF]. These tests against phylogenetic autocorrelation allow to detect self-similarities among adjacent (ordered) observations. The computation of the statistics requires a topology and the value of a trait for the tips. An average statistics (C-mean for TFSI test, and Runs-mean for RUNS test) is calculated for a random representative sampling of all possible branch swapping. This average statistics (observed) was then compared to a null hypothesis sampling distribution of randomized average statistics obtained by calculating an average statistics on a representative sampling of all possible branch swapping on topologies obtained after randomly shuffling the tips of the original topology. The tree topology used here corresponds to the ML tree calculated from the molecular data set used for the CIA analysis. Average statistics were estimated after 10,000 random permutations of tips around nodes and compared to the randomized average statistics obtained after 10,000 random shuffling of tips.

Analysis of character evolution.

We first analyzed quantitative phylogenetically dependent variables by using a canonical procedure that allowed decomposition of their variance along the phylogenetic tree (Ollier et al, 2006). Prior to the variance analysis, an orthonormal vectorial basis was constructed to represent the topology of the phylogenetic tree. This tree (root, nodes, and tips) was described by a set of ordered dummy variables corresponding to a tip or a node (and its descendant tips). These dummy variables were then orthonormalized to obtain the orthonormal basis. Vectors of this basis were linear combinations of the dummy variables ranked according to the initial ranking of the dummy variables. This allowed the interpretation of the successive vectors in terms of decreasing phylogenetic dissimilarities.

Then, a linear regression was performed with the centered and standardized trait variable as response variable, and the orthonormal basis as explanatory variables. Regression coefficients allowed reconstructing the trait variable, and squared coefficients provided variance decomposition of the trait onto the orthonormal basis. The plotting of the squared coefficients and of the cumulative squared coefficients provides two graphical tools called orthogram and cumulative orthogram (Ollier et al., 2006). Four permutation procedures associated to orthograms are used to test the null hypothesis of phylogenetic independence. These procedures are based on different statistics and consider different alternative hypotheses. The R2Max statistics was used to test against the alternative hypothesis that one vector explained a significant part of the trait variance (punctual effect). SkR2k was used to test against the alternative hypothesis that vectors near the tips (or the root) explained a significant part of the trait variance. SkR2k is high when the trait variance was rather explained by last vectors (towards tips) and low when explained by first vectors (towards root). Dmax is a Kolmogorov-Smirnov-like statistic and was used to test if the vector of squared coefficients may be an ordered random sample of the uniform distribution on (0,1). Dmax was used to test against the alternative hypothesis that some successive vectors explained a significant part of the trait variance. Finally, SCE is a measure of the average local variation of the orthogram and tests against the alternative hypothesis that there are significant differences in variance explained by vectors and their neighbors (precedent or subsequent). Distribution of the statistics under the null hypothesis and confidence limits of (cumulative) orthograms were built using 9999 random permutations of the trait values. Orthograms and associated tests (Ollier et al., 2006) were conducted using ade4 package [START_REF] Chessel | The ade4 package-I-One-table methods[END_REF] in R 2.4.0 [START_REF] Ihaka | R: A language for data analysis and graphics[END_REF].

We then analyzed qualitative phylogenetically dependent variables using Maximum Likelihood ancestral state reconstruction as implemented in the Stochchar 1.1 package (Maddison and Maddison, 2006a), in Mesquite 1.12 (Maddison and Maddison, 2006b). This method estimates for each node the ancestral states that maximize the probability of observing the different character states in the terminal taxa, given a stochastic model of evolution. We used the Lewis's (2001) Mk model which assumes equal rates of change from one state to another, for forward as well as backward rates. This global rate was directly estimated from the data, and scaled using our ML tree branch lengths.

Results

Phylogenetic analysis of the subfamily Loricariinae.

We sequenced the partial 12S and 16S mitochondrial genes of 20 

Co-structure analysis of molecular and morphological data.

In order to highlight the co-structure of the morphological data as compared to the molecular data, the CIA was performed on the restricted data sets comprising the same taxonomic sampling. The new genetic distance matrix was calculated using a re-estimated model of substitutions which characteristics were: GTR + G + I: base frequencies: fA = proportion of invariable sites I = 0.4521; gamma shape parameter: = 0.5508. A first assessment of the relationships between morphology and genetics was performed using the RV coefficient, and showed a strong and significant correlation between both data sets (p<0.0001; RV = 0.832). The projection of inertia axes of the PCoA of the genetic data and of the HSA of the morphological data onto co-inertia axes (Fig. 2c) placed plan 1-3 of the genetic data analysis in relation to plan 1-2 of the morphological data analysis. Thus, CIA found that both axes 1 were associated, and that axis 3 of the genetic data was associated to axis 2 of the morphological data. The first plan of CIA accounted for 85.84 % of the total costructure (78.47 % for axis 1 and 7.37 % for axis 2) (Fig. 2d). CIA characteristics are given in Table 2. Covariance associated to the first axis was almost four times greater than the one associated to other axes. Co-inertia plan 1-2 was of the same quality than plans 1-3 and 1-2 of the initial analyses. The inertia projected onto co-inertia axes was equivalent to the one projected onto inertia axes of the initial analyses: 99.05 % (0.004643/0.004599) of the genetic data structure and 97.96 % (0.487/0.4971) of the morphological data structure was recovered by axis 1 of the co-structure analysis. Correlations between both data sets were also very high (more than 0.97 on the first co-inertia axis and 0.92 on the second one). Axis 1 of co-inertia analysis defined the tribal rank of the subfamily and split Harttiini, Sturisomina, and Metaloricaria on one hand and Loricariina on the other hand. Axis 2 defined the generic rank and ordered the genera according to their morphological and genetic proximity. The projection of morphological and genetic data coordinates onto co-inertia axes is given in Fig. 2. Superimposition of both sets of coordinates, after normalization for scaling, (Fig. 2a) allowed to display the most important differences between genetic (origin of arrows) and morphological data (extremity of arrows). These differences mainly concerned the generic rank (axis 2) and particularly genera Planilocaria, Dasyloricaria, and Metaloricaria among Loricariini, and Harttia concerning Harttiini. The co-structure highlighted concerned thereby the tribal rank and the grouping of genera in some groups (morphological and genetic) which

were Sturisomina and the Loricaria-Pseudohemiodon group. The position of 3). c: projection of inertia axes of simple analyses onto co-inertia axes: inertia axes of PCoA of genetic data (left); inertia axes of HSA of morphological data (right). d: eigenvalues of co-inertia analysis. e: bivariate plots of correlations of normalized individuals' scores (genetic data in abscise and morphological data in ordinate) for the first (left) and second (right) co-inertia axes. Covariance: covariance between both systems of coordinates of co-inertia analysis (maximized by the analysis).

Variance 1: inertia of the genetic data projected onto co-inertia axes.

Variance 2: inertia of the morphological data projected onto co-inertia axes. Correlation: correlation between both systems of coordinates of co-inertia analysis. Inertia 1: maximum inertia projected onto axes of the simple analysis of genetic data (eigenvalues of PCoA). Inertia 2: maximum inertia projected onto axes of the simple analysis of morphological data (eigenvalues of HSA).

Hemiodontichthys was also consistent between both representations, whereas Metaloricaria was placed together with Harttiini and Sturisomina. In the same manner, Sturisomina was grouped with Harttiini. The morphological variables involved the most in the co-structure were identified by the projection of the variables onto the first co-inertia plan (Fig. 2b) and by the inertia analysis. Absolute contributions of the variables to the axes are given in Table 3.

Concerning E: lips structure with three modalities: 1 = papillose, 2 = filamentous, 3 = rather smooth; F: fringed barbels with two modalities: 1 = absent, 2 = present; G: mouth shape with four modalities: 1 = elliptical, 2 = horse shoe like, 3 = bilobate, 4 = bilobate with trapezoidal opening; H: tooth shape with five modalities: 1 = pedunculated, 2 = straight bicuspid, 3 = pedunculated size reduced, 4 = straight bicuspid size reduced, 5 = spoon shaped size reduced; I: maxillary barbels with two modalities: 1 = conspicuous, 2 = inconspicuous; J: rostrum with two modalities: 1 = absent, 2 = present; K: snout shape with two modalities: 1 = rounded, 2 = pointed. Absolute contribution to co-inertia axis: contribution of each variable to the total inertia explained by the axis.

TFSI and RUNS tests: tests against phylogenetic autocorrelation respectively for quantitative and qualitative variables as defined by Abouheif (1999). R2Max, SkR2k, Dmax, and SCE tests: tests against phylogenetic dependence as defined by Ollier et al. (2006).

Bold types indicate significant tests for = 5%.

A part of the incongruent information (background noise) was thus integrated on axis 2 and following ones, and these axes were consequently discarded for the calculation of the phylogram depicting the amount of phylogenetic information strictly congruent between the morphological and the genetic data sets. This strict congruence phylogram was thus reconstructed by taking, for each genus, the scores of the morphological and genetic data only on the first CIA axis to compute dissimilarities between individuals. Harttia was used as the rooting group according to previous results. The tree that best fit the distance matrix (Fig. 3)

showed a topology comparable to the one of the ML tree. 

Identification of morphological phylogenetically dependent variables.

The quality of the obtained strict congruence phylogram allowed the recognition of several morphological groups that were congruent with the molecular phylogeny, and highlighted the level of resolution reached by the morphological variables to describe these groups from a phylogenetic point of view. The variables involved in the characterization of these groups were then tested for phylogenetic dependence following our new approach .The CIA results are summarized in the first two lines of Table 3. The contributions of quantitative variables to the first axis ranged from 10.72 to 0.93%, while quantitative variables ranged from 12.38 to 0.01 %. On axis 2, the absolute contributions of quantitative variables were small (1.6 to 0.14%), while qualitative variables showed generally high contributions (21.16 to 0.09%). These results were compared to the outputs of the TFSI tests (Table 3) which identified three quantitative variables to be strongly positively autocorrelated with the phylogeny: (1) the number of caudal-fin rays (I), ( 2) the numbers of premaxillary (V) and ( 3) dentary teeth (VI). These three variables also showed the strongest contributions to co-inertia axis 1, ranging from 10.72 % (I) to 7.49 % (VI). On axis 2, all quantitative variables were weakly informative. The CIA results were then compared to the outputs of the RUNS tests conducted on qualitative variables (Table 3) which showed a significant autocorrelation to the phylogeny for the following characters: abdominal cover present or absent (A), postorbital notches shape (C), predorsal keels present or absent (D), lip structure (E), fringed barbels present or absent (F), mouth shape (G), the tooth shape (H), and maxillary barbel length (I).

The null hypothesis of absence of phylogenetic autocorrelation was consequently rejected for all these variables. To the contrary, absence of phylogenetic autocorrelation was not significantly rejected for the following variables: secondary organization in the abdominal plating (B), rostrum present or absent (J), and snout shape (K). All phylogenetically autocorrelated variables possessed the strongest contributions to axis 1, ranging from 12.38 % (G, H) to 3.83 % (A). On axis 2, phylogenetically autocorrelated variables such as predorsal keels present or absent (D), and fringed barbels present or absent (F) appeared weakly informative (0.09 % and 0.59 % respectively), whereas uninformative variables such as rostrum present or absent (J) and the snout shape (K) played a more important role on the axis, contributing respectively to 3.37 % and 4.5 %. This means that one part of the background noise was integrated on axis 2, and provided an a posteriori justification for the rejection of axis 2 and next ones in the calculation of the strict congruence phylogram. In summary, the variables that contributed more than 3.83 % to the co-inertia axis 1 were significantly correlated to the phylogeny according to TFSI and RUNS results.

Evolutionary analysis of phylogenetically dependent morphological variables

Quantitative variables I, V, and VI (Table 3) were analyzed using the orthogram approach (Fig. 4). The tree topology together with the vectorial basis (Fig. 4a) allowed the identification of the ranking of the nodes, and consequently to see which vector accounted for which node. The orthogram of the first quantitative variable analyzed, the number of caudalfin rays (I) (Fig. 4b top), indicated that vector 2 explained the greatest part of the variance.

This vector showed a strong departure from the expected value under the hypothesis of absence of phylogenetic dependence (given by the solid line in Fig. 4b top), and peaked outside of the confidence limit (given by the dashes). The cumulative orthogram (Fig. 4b down) confirmed predominance of vector 2 in the variance distribution. A significant departure from H0 was registered for this vector, and this pattern was preserved for several successive vectors. The maximum deviation from the expected value was given for the sum of the three first vectors (vertical arrow in Fig. 4b down) meaning that maximum variation was registered on these three vectors. All four statistical tests were also significant, particularly R2Max (Table 3; p(X X obs ) = 0.0016), indicating that a single punctual modification of the trait (number of caudal fin rays) occurred at a particular node and that it stayed unchanged afterwards. Moreover, the variance distribution was rather skewed towards the root (Table 3; SkR2k: p(X X obs ) = 0.0007), indicating that the deepest nodes of the phylogeny explained the variance distribution. These results suggested that this trait has been shaped deep in the phylogeny. In summary, a single major punctual event occurred at node 2, between Fig. 4. Variance decomposition of three quantitative morphological traits across the orthonormal basis defined by the phylogenetic tree topology. a: Phylogenetic tree (left) and description of the topology of the tree by the orthonormal vectors B1 to B13 which represent nodes and descendent tips (right). Node numbering in the phylogenetic tree (1 to 13) indicates the number of the vector (B1 to B13) that accounts for the variance associated to the node. The indicative scale show squares with sizes proportional to the values of the orthonormal vectors (white and black for negative and positive values, respectively). b: Variance decomposition of the number of caudal-fin rays (I) using the orthogram plot (upper panel) and the cumulative orthogram plot (lower panel). c: Variance decomposition of the number of premaxillary teeth (V) using the orthogram plot (upper panel) and the cumulative orthogram plot (lower panel). d: Variance decomposition of the number of dentary teeth (VI) using the orthogram plot (upper panel) and the cumulative orthogram plot (lower panel). In the orthogram plots, the abscise gives the number of the vectors associated to nodes while the ordinate shows the contribution of the vector to the variance of the trait given by the squared regression coefficient (white and grey for positive and negative coefficients, respectively); dashes correspond to the upper confidence limit at 5 % deduced from 9999 Monte Carlo permutations; solid line represents the mean value. In the cumulative orthogram plots the ordinate shows the cumulated contribution of successive vectors to the variance; circles represent the observed value of cumulated squared regression coefficients; solid diagonal line represents expected value under absence of phylogenetic dependence; dashes correspond to the bilateral 95% confidence interval. Vertical arrow indicates the position of maximum deviation from the expected value (diagonal line).

Sturisomina and Loricariina lineages, with a reduction of the number of caudal-fin rays in Loricariina.

In the second and third quantitative traits analyzed, the numbers of premaxillary (V)

and dentary (VI) teeth, variance decomposition showed similar patterns. The orthogram plot (Figs. 4C and 4D up) pointed vectors 1 and 2 as explaining the major part of the variance distribution. Cumulative orthograms (Figs. 4C and 4D down) confirmed this fact with a maximum departure from the expected value under absence of phylogenetic dependence registered for the sum of two first vectors (arrow on vector 2). Out of the four statistics tested (Table 3), only R2Max was not significant meaning that a rather gradual effect was responsible of the variance distribution. Moreover, this distribution was skewed towards the root (Table 3, SkR2k: p(X X obs ) = 0.0001 and p(X X obs ) = 0.0002 for numbers of premaxillary and dentary teeth, respectively). Consequently, these two traits have been also shaped rather deep in the phylogeny. Two major successive events can be reconstructed in the Qualitative variables A, C, D, E, F, G, H, and I were analyzed using Maximum Likelihood ancestral state reconstruction (Fig. 5). The mouth shape (Fig. 5a) evolved from circular in Harttiini and Sturisomina, to bilobate in all Loricariina except Metaloricaria which displays a horse shoe like mouth. Therefore, the ancestral state reconstruction showed an unclear state at the root of Loricariina, with a slight preference for the elliptical state (p G1 = 0.6186). A second step in the specialization of the mouth in Loricariina occurred in the Pseudohemiodon group which displays a bilobate mouth but with a trapezoidal opening. The tooth shape (Fig. 5b) showed a similar pattern of evolution than the mouth shape. Tooth Fringed barbels (Fig. 5f) are present only in some members of the Loricariina, yet the first appearance of this feature was difficult to assess and consequently none of the deeper ancestral nodes within this tribe displayed a clear state assignment. It seemed however clear that this feature regressed in representatives of the Loricariichthys group while it has never been present in Metaloricaria. The maxillary barbels (Fig. 5g) evolved from inconspicuous to conspicuous in two Loricariina lineages: the Loricaria and Pseudohemiodon groups. The abdominal cover (Fig. 5h) is absent in the species representing Harttiini and present in extant

Loricariini, making it difficult to assess the state of the ancestor, yet the Maximum Likelihood ancestral state reconstruction method slightly favors the presence of an abdominal cover (p A3 = 0.7171). Latter on, this character evolved from a complete abdominal cover to an incomplete cover in the Pseudohemiodon group.

Discussion

In this work, we were interested in reconstructing the evolutionary history of the Loricariinae, a highly specialized group of neotropical catfishes, and in deciphering the evolution of their morphological traits. For this purpose, we used a new approach to detect phylogenetic dependence of character variations to the phylogeny, which is a prerequisite for a sensible evolutionary analysis of characters. Our approach using the CIA has the advantage Fig. 5. Maximum likelihood ancestral state reconstructions of eight qualitative life-history traits along the phylogenetic tree using a single forward-backward rate (mK) model. over existing methods to treat the full morphological data set at once, including qualitative and quantitative variables. The CIA offers a graphical output which allows a detailed analysis of the contribution of individual variables to the overall trend, within the frame of the phylogenetic tree. Contradictions and congruencies between both data sets are highlighted on the factorial map of individuals (Fig. 2a) by the relative position of both systems of coordinates (genetic and morphological) onto co-inertia axes. Incongruence between both data sets is given by the size of arrows representing the differences between genetics and morphology. Longer arrows, or origin of arrows in positive values and extremity in negative values imply strong contradictions between both data sets. In our case, no strong contradiction was highlighted by the CIA. The factorial map of variables (Fig. 2b), reveals the contribution of each variable to the co-structure, and identifies the groups defined by these variables. The graph of eigenvalues (Fig. 2d) identifies the axis explaining the major part of the congruent information between both data sets. Thus, the CIA provides an ordination of the variables according to their contribution to the co-inertia axes and by this mean allows the identification of phylogenetically dependent variables as well as the identification of the axes containing phylogenetic "noise" which are then discarded from the calculation of the strict congruence phylogram. The CIA approach has also the advantage of having no theoretical limitations and can be generalized to K tables displaying the same taxonomical sampling. These data can be of many different types (genetic, morphological, ethological, geographical, ecological…). The robustness of the CIA approach was assessed by comparing the level of correlation to the phylogeny as obtained by this method and the p-values obtained by classical tests, namely the TFSI test for quantitative variables, and the RUNS test for qualitative variables (Abouheif, 1999). The results of the comparisons (Table 3) show a strict correspondence between our approach and Abouheif's tests for assessing phylogenetic dependence and in this way we have shown that variables contributing more than 3.83 % to the co-inertia axis 1 were significantly correlated to the phylogeny.

In order to study the morphological evolution of the Loricariinae catfishes, we first inferred the phylogeny of the subfamily using 12S and 16S mitochondrial genes. The results

show that Harttiini sensu Rapp Py-Daniel (1997) is not a monophyletic assemblage due to the scattered positions of its representatives in the phylogenetic tree, with a basal position of Harttia (type genus) as the sister group to all other Loricariinae analyzed. This corroborates the findings of Montoya-Burgos et al. (1998) who recovered this topology with a more restricted Loricariinae sampling. According to our results, we propose that the Harttiini should be restricted to the single genus Harttia. In the phylogenetic tree, the Loricariini sensu Isbrücker (1979) An overview of the morphological groups recently proposed by Covain and Fisch-Muller (2007) and the molecular phylogenetic results obtained herein, suggested that common information was shared between both data types. A strong correlation was indeed observed (RV = 0.832). This analysis suggested that several morphological groups were not obtained by chance or by character convergence, but followed a phylogenetic classification. The amount of congruent information between both data sets is in fact significant as summarized is the strict congruence phylogram (Fig. 3). This phylogram based on the co-structure analysis confirmed the natural status of several morphological groups like the Harttiini and, among Loricariini: Loricariina (including Loricariichthys, and Loricaria-Pseudohemiodon groups), and one part of Sturisomina. The Rineloricaria group did not constitute a natural group as defined by incompatible molecular and morphological hypotheses. The co-structure showed that the variables used by Covain and Fisch-Muller (2007) were relevant to characterize tribal and subtribal ranks, as well as several morphological groups, but were insufficient to define the generic rank. Therefore, the lack of resolution at the generic level in the phylogram came mainly from the restricted morphological data set rather than from incompatibilities ( 6discrete quantitative and 11 qualitative variables). However, the quality of the strict congruence phylogram obtained validates the co-inertia approach in a phylogenetic context by identifying morphological variables correlated to the phylogeny in a pool of different types of variables.

Maximum likelihood ancestral state reconstructions of qualitative variables underlined similar patterns of evolution of traits linked to the mouth. Moreover, the mouth characteristics appeared as the most important features for discriminating the different groups of this subfamily, as traits linked to this organ show the strongest variations correlated to the phylogeny. Therefore, we believe that the mouth shape, the tooth shape, the lips structure and the barbels shape may have co-evolved due to identical selective pressure acting on this organ. The co-variation of these traits may reflect adaptations to the large number of ecological niches conquered by the Loricariinae. For instance, species occurring over sandy substrates, such as the representatives of the Pseudohemiodon and Loricaria groups, possess a bilobate mouth with filamentous lips, whereas more rheophilic species like representatives of Harttia or Lamontichthys (which live on stones) possess an elliptical mouth with papillose lips. Our conclusions also highlight the difficulties in defining evolutionary independent morphological characters for phylogenetic purposes.

Some qualitative variables retained as phylogenetically dependent were homoplastic as referring to the molecular phylogenetic tree such as the predorsal keels, the fringed and maxillary barbels. The two first characters show local losses while the third displays two independent gains, which is a case of evolutionary convergence. This indicates that the CIA approach is not too restrictive and allows the retention of characters with some degree of homoplasy which can be of different nature (losses or independent gains). However, although retaining them as interesting characters, the CIA ordered them as the less informative among the retained ones (see absolute contributions on axis 1 in table 3).

The analysis of the quantitative variables with the orthogram method (Ollier et al., 2006) not only showed that these variables were shaped by the evolutionary history of this group but also described how these variables evolved along the phylogeny. The analysis of the number of caudal-fin rays indicated a significant drop at the base of the Loricariina lineage, with a reduction of rays from 14 (13 in Farlowella) in Sturisomina, to 12 in Loricariina (13 in Metaloricaria). We have noticed that in Loricariina, the loss of caudal-fin rays was accompanied by the appearance of a thicker caudal-spine bearing a whip used as a defensive weapon. These concomitant morphological changes may therefore be linked and the formation of the thicker caudal-spine with its whip may be the outcome fin rays fusions.

Contrasting with the instance of caudal-fin rays number variation linked to the phylogeny presented above, the punctual reduction of caudal-fin rays in Farlowella and Metaloricaria

were not dependent to the phylogeny but rather randomly distributed events and were thus discarded from an evolutionary interpretation. The analysis of the caudal-fin rays exemplifies the possibility that a given morphological trait may display changes that are linked to the phylogeny and others that arise in a stochastic manner. Yet, we have the tools to discern between these two situations. The study of the number of premaxillary and dentary teeth revealed a more gradual evolution of these features, as indicated by the non significativity of the R2Max test. The decrease in the number of teeth extended gradually along the phylogeny, from Harttiini (bearing 80 premaxillay and 70 dentary teeth) to Loricariini (bearing less than 60 premaxillay and 50 dentary teeth), and then between Sturisomina (bearing 20 to 60 premaxillay and 15 to 50 dentary teeth) and Loricariina (bearing 0 to 15 premaxillay and 3 to 15 dentary teeth).

As shown in our study, the orthogram method of Ollier et al. (2006) proved to be a powerful tool to detect phylogenetic dependence and to analyze the patterns of evolution of quantitative life-history traits. However, this method suffers from the fact that it can not treat qualitative variables; a weakness that can be partly overcame by using the CIA approach. The convincing results given by the orthograms encourage nevertheless the development of the method for analyzing qualitative data or even a complete table mixing different types of data.

The theoretical background for generalizing the orthogram method is in progress and its implementation will be performed soon. The fact that Farlowellini was originally proposed as the name of a tribe within Loricariinae does not preclude its usage as the name of a subtribe (here Farlowellina). Article 36.1 of ICZN states the Principle of Coordination that applies to family-group names: a name established for a taxon at any rank in the family group is deemed to have been simultaneously established for nominal taxa at all other ranks in the family group; at all ranks the type genus remains the same (here Farlowella), and the name is formed from the stem of the name of the type genus (here Farlowell-) with the appropriate change of suffix (-ini for tribes, -ina for subtribes). The name has the same authorship and date at every rank.

According to the Principle of Priority, the valid name of a taxon is the oldest available name applied to it. Priority between names of the family group is not affected by the change of rank within the family, nor by any mandatory change in suffix of a family-group name consequent upon change in rank (Article 23.3.1). Accordingly, the correct name of a subtribe including Farlowella has to be Farlowellina Fowler, 1958.

In addition, the name Sturisomina proposed by the authors is not available because it does not satisfy the conditions of Article 13.1.1 of the ICZN, which requires for a new family-group name to become available to be accompanied by a description of definition that states in words characters that are purported to differentiate the taxon, and the fixation of a type genus (Article 64).
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Introduction

Neotropical freshwaters comprise approximately one quarter of the total diversity of fishes with a prediction of around 8,000 extant species out of the estimated 31,500 to 32,500 (Lévêque et al., 2008). In South and Central America, the Loricariidae, or armored catfish, represents the most species-rich family of the Siluriformes in the world with 716 valid species and an estimated 300 undescribed species distributed in 96 genera (Ferraris, 2007).

Loricariids are characterized by a depressed body covered by bony plates, a single pair of maxillary barbels, and above all, by the modification of the mouth into a sucker disk. Within the Loricariidae, members of the subfamily Loricariinae are united by a long and depressed caudal peduncle and by the absence of an adipose fin, but they exhibit substantial variation in body shape, lip morphology and dentition. There are currently 220 valid species of Loricariinae, distributed in 30 genera (for a review see Covain & Fisch-Muller, 2007;also Ghazzi, 2008;Ingenito et al., 2008;Fichberg & Chamon, 2008;Rapp Py-Daniel & Fichberg, 2008;[START_REF] Rineloricaria Isaaci Rodriguez & Miquelarena | [END_REF]Rodriguez & Reis 2008;Rodriguez et al., 2008;Thomas & Rapp Py-Daniel, 2008;de Carvalho Paixão & Toledo-Piza, 2009;Thomas. & Sabaj Pérez, 2010).

The evolutionary history of the Loricariinae has been only recently explored by Covain et al. (2008), who proposed the first molecular phylogeny of the subfamily and assessed the phylogenetic dependence of the morphological traits classically used as diagnostic features.

Although their analysis included only 20 representatives of the Loricariinae, they redefined its systematics with the restriction of the tribe Harttiini to Harttia, and the placement of all remaining genera of the study within the tribe Loricariini. Within the latter, they redefined the subtribes Loricariina and Farlowellina (incorrectly named Sturisomina in Covain et al., 2008; corrected in [START_REF] Covain | Corrigendum to "Assessing phylogenetic dependence of morphological traits using co-inertia prior to investigate character evolution in Loricariinae catfishes[END_REF]. Covain et al. (2008) furthermore demonstrated that the characteristics of the mouth and the caudal fin are autocorrelated with the phylogeny and that they are sufficient to define tribal and subtribal ranks, as well as several of the morphological groups proposed in Covain & Fisch-Muller (2007). 

Recent investigations conducted in the

Material and Methods

The molecular phylogeny was reconstructed based on the taxonomic sampling described by Covain et al. (2008) with the addition of two representative species of Spatuloricaria, and of the new taxon. One additional outgroup, Pseudorinelepis genibarbis (Valenciennes 1840), was added to root the tree following the results of Montoya-Burgos et al. (1998). The list of material used for this study is provided in Table I. The analyzed samples came from the tissue collection of MHNG, and the sequences were deposited in GenBank (accession numbers in Table I).

Tissue samples were preserved in 80% ethanol and stored at -20°C. Total genomic DNA was extracted with the DNeasy Tissue Kit (Qiagen) following the manufacturer's instructions. The PCR amplifications of partial 12S, 16S, and Fish Reticulon-4 (F-RTN4) for the phylogeny, as well as the 648-bp region of the cytochrome c oxidase I (COI) mitochondrial gene required for DNA barcodes, were carried out using the Taq PCR Core Kit (Qiagen). The methodology for PCR amplifications followed Covain et al. (2008) The DNA sequences were edited and assembled using BioEdit 7.0.1 (Hall, 1999), and aligned manually. This alignment was then compared to n multiples alignments generated by ClustalX 1.83 [START_REF] Thompson | The ClustalX windows interface: flexible strategies for multiple sequence alignment aided by quality analysis tools[END_REF], using default parameters for pairwise alignment and computation of the guide tree. For multiple alignments, Gap Opening Penalties (GOP) ranged from seven (around half default parameter) to 30 (twice default parameter) with a progressive increase of one. Gap Extension Penalties (GEP) started to a value representing 30% of the GOP of reference with a progressive increase of 30% at each step until reaching 90% of the GOP. These alignments were then submitted to SOAP 1.2a4 (Löytynoja & Milinkovitch, 2001) to detect and remove unstable blocks. To evaluate the influence of unstable positions in the alignment on the tree reconstruction, different statistics were computed. These were the final length of the alignment in number of bases, the sum of branch lengths of the phylogenetic trees, the mean nodal support, and the standardized Colless' index (Colless, 1982). The final length of the alignment was used to evaluate the loss of information in the alignment. It was obtained from SOAP 1.2a4. The sum of branch lengths provided an estimation of the total amount of evolution recovered by the phylogenetic tree quantified as the number of substitutions per site, and was computed using the ape 2.5 package (Paradis et al., 2004;Paradis, 2006) in R 2.10.1 (R Development Core Team, 2009). Prior to its computation, Maximum likelihood (ML) (Felsenstein, 1981) tree reconstructions were performed using a general model as implemented in Treefinder (Jobb et al., 2004) version of October 2008. The appropriate substitution model was estimated with the corrected Akaike Information Criterion [START_REF] Sugiura | Further analysis of the data by Akaike's information criterion and the finite corrections[END_REF] as implemented in Treefinder. The degree to which the set of branch lengths approximates the actual number of substitutions is governed by the adequacy of the model. Robustness of the results was estimated using Local Rearrangements of the Expected-Likelihood Weights (LR-ELW) (Strimmer & Rambaut, 2002). The mean nodal support was used to evaluate the global robustness of the tree. LR-ELW were computed using 1,000 replicates with Treefinder, and their mean computed using ape in R. The Colless'

index provided an estimation of the tree shape by a measure of the imbalance of the topology.

After testing for the best model, this index was standardized using the Equal Rate Markov (ERM) or Proportional to Distinguishable Arrangements (PDA) distribution of tree shape [START_REF] Mooers | Inferring evolutionary process from phylogenetic tree shape[END_REF]. A small index characterizes a more balanced topology of the tree.

The likelihood test that evaluated the ERM model against the PDA model, and the computation of the Colless' index were performed using the apTreeshape 1.4-3 package (Bortolussi et al., 2006) in R. To allow direct comparisons in the behaviour of these four statistics that were expressed in different units, all were standardised before plotting.

To detect a potential conflict in the phylogenetic signal present in the different parts of the manual alignment, the combinability between mitochondrial and nuclear markers was assessed using the Incongruence Length Difference (ILD) test (Farris et al., 1994) as implemented in PAUP* 4.0b10 (Swofford, 2003). Since mitochondrial DNA is presumably transmitted through maternal lineage as a single not recombining genetic unit (Meyer, 1993), a first partition corresponding to mitochondrial genes was created. In addition, because the mutational pattern in non coding (introns) and coding (exons) regions of F-RTN4 are different, two additional partitions were created. The ILD test was conducted using a heuristic search with 1,000 replicates, TBR branch swapping, and random addition of taxa with 10 replicates. Appropriate substitution models corresponding to each potential partition were accordingly estimated, and a partitioned ML phylogenetic reconstruction was performed.

Gaps in the alignment were considered as missing data. Robustness of the results was estimated by resampling the data set with the nonparametric bootstrap (Efron, 1979) following Felsenstein's (1985) methodology with 1,000 pseudoreplicates.

All available specimens (n = 26) of the new taxon were secondarily compared with representatives of all genera of the subfamily Loricariinae, except for the monotypic Rhadinoloricaria macromystax (Günther 1869), for which comparisons were made to descriptions in Isbrücker &Nijssen (1974), andCovain &Fisch-Muller (2007).

Rhadinoloricaria macromystax is rare in collections, and the holotype is lost for the time being (J. Maclaine, The Natural History Museum, London, pers. com.), therefore no specimens of R. macromystax were available for this study.

Morphometric variables were measured with a digital caliper (0.1 mm precision).

Measurements and counts follow Rodriguez et al. (2008), except for the premaxillary ramus length (due to difficulty of measurement), and the orbital diameter excluding the notch. These two measurements were excluded. Terminology of osteological characters follows Schaefer (1997). Osteological observations were made on two cleared and stained specimens (CS), prepared according to the method of Taylor & Van Dyke (1985), with modifications. The illustrations were made using a stereomicroscope Leica M50.

In the list of material examined, institutional acronyms and catalog numbers are presented first, followed by the number of specimens in that lot, size range, locality, date of collection and collector. Institutional acronyms follow Fricke & Eschmeyer (2010), with the addition of LBP (Laboratório de Biologia e Genética de Peixes, Universidade Estadual Paulista "Júlio de Mesquita Filho") (for Comparative Material see Appendix S1).

Results

Phylogenetic reconstruction

Manual sequence alignment included 6,898 positions from which 970 corresponded to the 12S rRNA gene, 72 to the tRNA Val gene, 1,468 to the 16S rRNA gene, 891 to the exonic regions of the F-RTN4 gene, and 3,497 to the intronic regions of the F-RTN4 gene. Seventytwo multiple alignments were generated by ClustalX 1.83 with progressive increase of GOP and GEP, and were simultaneously compared to the manual alignment. Three thousand eight hundred and forty three positions were found to be unstable corresponding to the almost complete intronic part of F-RTN4 and parts of the loop regions of the ribosomal genes.

Eleven consensus alignments were computed ranging from no removal of information (manual alignment) to complete removal of unstable blocks, with a 10% progressive increase of removal of positions supported by less than a given percentage of alignments. Phylogenetic trees were reconstructed for these 11 alignments using the general best fit model J2+I+G (Jobb et al., 2004), except for the manual alignment for which the best fit model was GTR+G (Tavaré, 1986). The final length of the alignment, sum of branch lengths, mean nodal support, and standardized Colless' index were then computed for these 11 alignments and corresponding phylogenetic trees. After standardization, these four statistics were plotted as a function of the progressive removal of unstable positions to follow their behaviour (Fig. 1).

Progressive removal of unstable blocks, supported by less than 10% to 100% of the alignments, led to a significant loss of information. This loss represented 45% to 55% of the total alignment's length. From 6,898 positions, the length of the alignment immediately dropped to 3,807 positions after removal of unstable blocks that were found in more than 10% of the alignments, to finally reach 3,055 positions after removal of all unstable blocks. Tree reconstructions performed on these 11 alignments using a general model led to identical tree topologies except for the manual alignment. The likelihood tests conducted on those topologies resulted in the significant rejection of the ERM model against the PDA model Given that no conflict between data partitions is detected, and that the removal of unstable positions negatively affects the reconstructed trees, the manual alignment was used in subsequent analyses to consider all the available information. The sequences were consequently concatenated, and three partitions corresponding to mitochondrial genes, exonic parts of F-RTN4, and intronic parts of F-RTN4

were used to reconstruct the tree. The models GTR+G for mitochondrial genes, TN+G [START_REF] Tamura | Estimation of the number of nucleotide substitutions in the control region of mitochondrial DNA in humans and chimpanzees[END_REF] for exonic regions of F-RTN4, and TVM+G (Rodriguez et al,. 1990) for intronic regions of F-RTN4 fits the data the best as indicated by Treefinder. The phylogenetic reconstruction leads to a tree topology comparable to the one obtained by Covain et al. (2008). The best ML tree (-lnL = 29666.32) splits the Loricariinae into two lineages: the Harttiini (clade 1) including only Harttia, and the Loricariini (clade 2) including all the other Loricariinae (Fig. 2). The Loricariini is divided into two clades: the Covain & Fisch-Muller, 2007), and a second comprising Spatuloricaria in a sister position to Loricaria plus the Pseudohemiodon groups (sensu Covain & Fisch-Muller, 2007). The position of the possible new genus is weakly supported with a bootstrap majority rule consensus tree (consensus level = 50) leading to a polytomy (Fig. 2). In the ten most frequently obtained bootstrap topologies (Fig. 3), the possible new genus never connects within an extant genus but always in a sister position to genera or entire groups. In the first and sixth topologies (Fig. 3a-f) the possible new genus connects in a sister position to all Loricariina except for Metaloricaria and Dasyloricaria. In the second and tenth topologies (Fig. 3b-j), it is recovered in a sister position to Dasyloricaria, both in turn forming the sister group of the Loricariina except for Metaloricaria; while in the third topology (Fig. 3-c) it clusters in a sister position to a clade including Spatuloricaria as the sister genus of the Loricaria + Pseudohemiodon groups. In the fourth and seventh topologies (Fig. 3d-g) it clusters in a position corresponding to the one of the best ML trees where it forms the sister group of the Loricariichthys and Spatuloricaria-Loricaria-Pseudohemidon groups. In the fifth and eighth bootstrap topologies (Fig. 3e-h) the possible new genus is recovered in a sister relationship to the Loricariichthys group. In the ninth topology (Fig. 3i) the possible new genus forms the sister group of Dasyloricaria, both forming in turn the sister group of

Rineloricaria.

Fig. 3. Ten most frequent topologies obtained from a bootstrap analysis of the best ML tree. Only the subtribe Loricariina was represented to evaluate the possible positions of Fonchiiloricaria nanodon within its own group. Bold style refers to the branch leading to F. nanodon.

Morphological description

Based on the phylogenetic data the new species cannot be assigned to any known genus, therefore, a new genus is described herein. Thirteen of the 18 specimens from the type series, ranging from 91.4 to 174.6 mm L S were measured. Specimens smaller than 90 mm L S were excluded to minimize bias due to the allometry. Eight specimens (MUSM 32153) were excluded from the type series because they were previously dissected, making measurements difficult.

Fonchiiloricaria, new genus

Type species Fonchiiloricaria nanodon, new species

Diagnosis:

The new genus is distinguished from all other genera of Loricariinae by usually possessing one to three premaxillary teeth (although these are often missing), that are much reduced in size, particularly in comparison to the dentary teeth (Fig. 4). The following combination of characters also differentiates this genus from all other members of the Loricariinae: lips with globular papillae on surface, except for some areas close to the opening of the mouth where the papillae are prolonged and digitiform; distal margin of lower lip with short, triangular filaments; premaxilla very reduced (Fig. 5A &B; the non-reduced condition of the premaxilla is represented in Fig. 5C &D); abdomen totally covered by plates, medial plates small and rhombic between lateral abdominal plates; caudal fin with 14 total rays ( 12branched); orbital notch absent; five lateral series of plates; dorsal-fin spinelet absent; preanal plate present, large and solid, and of irregular, polygonal shape. Trunk and caudal peduncle becoming more compressed posteriorly for last seven to 10 plates (Fig. 6). Outline of head triangular in dorsal view, with sides straight or slightly rounded. Upper margin of orbit smooth, not raised. Orbital notch absent. Interorbital region large and flat.

Paired anterior postrostral and cheek plates angled ventrally and barely expanded along head margin. Odontodes short, densely covering head, trunk, and fin rays, making fish somewhat hyspid. Snout tip with globular protuberance of naked skin, without odontodes along its ventral region. Rounded naked area not reaching anteriormost pore of infraorbital ramus of sensory canal. Gill opening small.

Mouth rounded with short upper lip (folded inwards) and well-developed lower lip with medial notch (Fig. 4). Large globular papillae arranged in regular rows on surface of lips, except for some modified digitiform papillae, at angles of mouth opening and below dentaries. Distal margin of lower lip fringed with short, triangular filaments. Maxillary barbel very small, often inconspicuous; when evident shorter than one-half length of eye.

Premaxillary ramus very reduced; edentulous (n=9) or with one to three (modally two, n=12) small teeth in functional series (many teeth with tips broken off, but included in counts).

When present, teeth bicuspid with inner cusp slightly longer than outer cusp. Premaxillary teeth embedded in soft tissue and very small compared to dentary teeth. Dentary ramus with large, well-developed bicuspid teeth in functional series (two to five; modally four, n=21); inner cusp slightly longer than outer cusp.

Abdomen completely covered by small rhombic plates between lateral abdominal plates.

Plates reaching gill opening (Fig. 7). Preanal plate large and solid with irregular polygonal shape (usually one plate present; two specimens with two and three preanal plates respectively). Five lateral series of plates. Six to 10 (modally eight, n=13) lateral abdominal plates. Twenty-seven to 30 (modally 28, n=13) plates in median lateral series, with moderately weak keels formed by hypertrophied odontodes. Keels coalesced along last nine to eleven plates (modally 10, n=13). Middorsal series with 12 plates visible in cleared and stained material. Predorsal plates arranged in regular pattern, forming transverse rows. straight in the lateral margin of last seven to 10 plates of caudal peduncle (Fig. 6). 

Barcodes

Discussion

The phylogenetic analysis recovers Fonchiiloricaria nanodon as a member of the Loricariina.

Although support values are low for the clade comprising Fonchiiloricaria + other Loricariina, Fonchiiloricaria was always recovered as sister to a group of Loricariina genera but never as part of any named genus (Figs. 2 & 3). This justifies its placement in a new genus.

In a recent overview of the morphological diagnostic characters of the different genera of the Loricariinae, Covain et al. (2008) demonstrated that several of the characters are strongly autocorrelated with the phylogeny of this group. These include features linked to the morphology of the mouth including mouth shape, tooth shape, lip structure, and the number of Reis & Pereira 2000). Among members of the Pseudohemiodon group, the reduction in size and number of teeth is also associated with changes in shape, in particular with the appearance of spoon shaped teeth.

The general shape of the mouth of Fonchiiloricaria is similar to that of Rineloricaria and Ixinandria steinbachi (Regan 1906) (Covain & Fisch-Muller 2007). The presence of 12 branched caudal-fin rays is unique to Fonchiiloricaria in the Loricariina. Covain et al. (2008) noted that the loss of caudal-fin rays in Loricariina was concomitant with the presence of a thicker upper caudalspine bearing a whip used as a defensive weapon, and hypothesized that these morphological changes could be the outcome of ray fusion. Fonchiiloricaria also bears a whip like structure on the upper caudal-fin spine but because it possesses 12 rays, this hypothesis cannot apply.

The last seven to 10 plates of the caudal peduncle are abruptly compressed relative to the anterior portion of the body whereas they are gradually compressed in nearly all other genera of the subfamily. This characteristic is also observed in Harttia and Lamontichthys, groups of rheophilic fishes which also live over stones in swift currents of the main channel of rivers.

This abrupt compression of the distal end of the caudal peduncle may represent an adaptation to a benthic life in swiftly flowing currents. 

Chapter 3

The Harttiini (Siluriformes, Loricariidae) from the Guianas: a multi-table approach to assess their diversity, evolution, and distribution.

Raphaël COVAIN (1,2,3), Sonia FISCH-MULLER ( 1), Juan I. MONTOYA-BURGOS ( 2), Jan H. MOL ( 4 The MCOA is evaluated in a global assessment of the diversity of a tribe of the Loricariinae, the Harttiini, within the Guianas. Following a first study restricted to a single genus of this tribe in a single country (Covain et al., 2006 two Harttia, and one Cteniloricaria), and one synonym. The combined analysis established a compromise between the preliminary ones, and revealed their common structure. This structure was found to be linked to the evolutionary history of Harttiini. Their evolution was driven toward adaptations to a definite type of biotope. These included modifications in size and shape, particularly of the caudal peduncle, depending on whether the species colonised rivers or mountainous forest creeks. A longitudinal evolutionary gradient was also highlighted in the geographical distribution of the species despite large overlaps. Notably, Harttiella possessed the greatest number of species with the smallest distribution, making each of them highly vulnerable to anthropic perturbations of their environment. Nine new species are described and a key to all species from the Guianas is proposed. 

INTRODUCTION

The Neotropical freshwaters are home to one quarter of the total world ichthyodiversity, with a prediction of around 8,000 extant species out of a mean estimation of 32,000 (Lévêque et al., 2008). In this context, the Guiana Shield region represents one of the most species rich regions of South America, with an estimated The Loricariidae is a highly diversified catfish family comprising about 1,000 species, [START_REF] Bakker | Indrukken van de natuurwetenschappelijke expeditie naar Suriname 1948-49[END_REF][START_REF] Boeseman | Scientific results of the Surinam expedition 1948-1949. Part II. Zoology, No. 2. The Fishes (I)[END_REF]. This unusual species was described as a representative of Harttia by [START_REF] Boeseman | Scientific results of the Surinam expedition 1948-1949. Part II. Zoology, No. 2. The Fishes (I)[END_REF], but due to its particular morphology, Boeseman (1971) 

created the genus

Harttiella to accommodate the species. Harttiella was characterized by a depressed body shape, broad head, body, and caudal peduncle, the absence of lateral and predorsal keels, the strongly spiny body plates, the naked belly, and a thick caudal peduncle (Boeseman, 1971).

The species is only known from the Nassau Mountains in Suriname, an isolated plateau (570 meters above mean sea level) in Northeastern Suriname. Geijskens and Creutzberg described the habitat of Harttiella crassicauda as a small forest creek on top of Nassau Mountains, with a rocky bottom covered with sand and stones, and some falls. They located the creek as a tributary of the Marowijne River, but without providing more details. Mol and Ouboter (2004) mentioned that H. crassicauda was at risk of extinction or possibly already extinct because of mining activities in Nassau Mountains. However, in 2005 Mol and co-workers collected the species for the second time, 56 years after its original collection. At the same time, they noted that H. crassicauda was still an endangered species due to potential degradation of its habitat by both small and large scale mining, and its restricted distribution in a single creek (Mol et al., 2007). By allowing a better grasp of its morphology and ecology, the rediscovery of H. crassicauda led to the discovery of additional populations potentially belonging to Harttiella in French Guiana.

In the present study, we provide a global assessment on the diversity of Harttiini within the Guianas that includes all species and populations collected during the last decade.

Based on a multi-table approach integrating genetics through DNA barcodes, morphometry, and ecology-distribution of the different species and populations, the systematics of Harttiini is revised, their main evolutionary trends are revealed, and new taxa are described.

MATERIAL AND METHODS

Morphometry

This study was based on 622 measured specimens and included all populations and species of Harttiini collected from the Guianas. Part of this material was previously analysed by Covain et al. (2006) 3) the angular measurements of the snout and because these two measurements are highly correlated to the head depth and cleithral width respectively, and increased consequently redundancy in the dataset. While these seven measurements were excluded, we added the thoracic and abdominal lengths according to [START_REF] Isbrücker | Redescription and figures of the South American mailed catfish Rineloricaria lanceolata (Günther, 1868) (Pisces, Siluriformes, Loricariidae)[END_REF], and the distances between the anus and the tip of the snout, and the anus and the insertion of the anal, pelvic and pectoral fins. The dataset therefore included 29 continuous morphometric variables, and 4 discrete meristic variables. The list of variables is provided in table I. Specimens smaller than 20 mm were excluded from the analyses to minimize the bias introduced by allometric growth. Because morphometric data are highly correlated between them, missing data (representing less than 0.45% of the whole data set)

were estimated for specimens belonging to a given population using the least squares method with the standard length (SL) used as explanatory variable.

In order to highlight the morphological structure of the species and populations under study, the data were subjected to multivariate analyses. Prior to the analyses, all measurements were standardized by the SL and log transformed. This transformation, equivalent to the additive log ratio of [START_REF] Aitchinson | The Statistical Analysis of Compositional Data[END_REF], controls for size effect, preserves and linearizes allometric growth, and prevents spurious correlations of simple ratios [START_REF] Atchley R | Statistical properties of Ratios. I. Empirical results[END_REF][START_REF] Corrucini | Correlation properties of Morphometric ratios[END_REF][START_REF] Hills | On ratios -A response to Atchley, Gaskins, and Anderson[END_REF][START_REF] Dodson | On the use of ratios in growth studies[END_REF][START_REF]Some comments on the use of ratios[END_REF][START_REF] Atchley | Ratios and the statistical analysis of biological data[END_REF]. The final table included data on 618 specimens of Harttiini, from 23 different populations, and 32 columns. This table was then centered and reduced to allow comparison of variables expressed in different units (here no unit for log ratio transformed measurements, and number of objects for the meristic data), and submitted to a principal components analysis (PCA) to reveal its structuring. PCA was performed with the ade4 1.4-14 (Dray and Dufour, 2007) and ade4TkGUI 0.2-5 (Thioulouse and Dray, 2007) packages in R 2.10.1 (R Development Core Team 2009). 

Genetics

To provide further evidence for the assessment of the global diversity of the Guianese Harttiini, the standard 648-bp 5' region of the cytochrome c oxidase I (COI) mitochondrial gene used for DNA barcodes was amplified. This DNA marker was sequenced in a total of 42 specimens representing 21 populations and comprising at least one specimen per population.

The list of material used for this analysis is provided in table II. Ethanol preserved tissue samples are deposited in MHNG. Total genomic DNA was extracted with the DNeasy Tissue Kit (Qiagen) following the instructions of the manufacturer. The PCR amplifications were carried out using the Taq PCR Core Kit (Qiagen). The primers used were Fish-F1 and Fish-R1 [START_REF] Ward | Barcoding Australia's fish species[END_REF]. The amplifications were performed in a total volume of 50 l, containing 5 l of 10x reaction buffer, 1 l of dNTP mix at 10mM each, 1 l of each primer at The DNA sequences were edited and assembled using BioEdit 7.0.1 (Hall, 1999), and aligned manually since the coding COI gene aligned unambiguously in a single block. The GC content and base composition were computed using the seqinr 2.0-9 package (Charif and Lobry, 2007) in R, and usual tests of homogeneity of nucleotide frequencies and substitution saturation (Xia et al., 2003) were performed using Dambe 4.5.56 (Xia and Xie, 2001). The alignment was secondarily converted into a distance matrix using the Kimura 2 Parameters (K2P) metrics (Kimura, 1980) as implemented in ape 2.5 (Paradis et al., 2004;Paradis, 2006) in R, to evaluate sequence divergence. A Neighbour Joining (NJ) tree (Saitou and Nei, 1987) was reconstructed on this distance matrix to provide a cluster ordination of the species. This ordination did not correspond to a phylogeny, but rather to a group assignment using distances between sequences (whatever their evolutionary history). The NJ algorithm has the advantage over other agglomerative partitioning methods to preserve distances into branch lengths, and consequently to not enforce artificially the grouping of species (e. g. using a mean distance between clusters). To estimate robustness of the groupings, a nonparametric bootstrap analysis (Efron, 1979) was performed following Felsenstein's (1985) methodology using 9,999 pseudoreplicates. In addition, a levelplot graph allowing a graphical representation of the distance matrix was computed using the lattice 0.18-3 (Sarkar, 2010) and colorRamps 2.3 (Keitt, 2009) packages in R. In a second analysis, the distance matrix was explored by a principal coordinate analysis (PCoA) (Gower, 1966) using Cailliez's (1983) correction for non Euclidian distance matrices, to reveal its structuring onto axes. This analysis provides a tree-free representation of the distance matrix, where the pairwise distances between OTUs are equal to the genetic pairwise distances of the matrix.

Ecology and distribution

To highlight the environmental parameters structuring the different species and populations, four environmental variables and three distributional variables were analyzed.

Environmental parameters [pH, conductivity, temperature, and habitat (main channel of rivers or creeks)] and distributional information (latitude, longitude, and altitude) were obtained from the field, the literature [START_REF] Horeau | -Importance of aquatic invertebrates in the diet of rapids-dwelling fish in the Sinnamary River, French Guiana[END_REF] [START_REF] Wold | Estimation of principal components and related models by iterative least squares[END_REF]Dray et al., 2003) as implemented in ade4 1.4-14. This algorithm allows for PCA analysis on a table with missing data, and does not require the deletion of rows or variables containing missing values. The algorithm is based on successive linear regressions using an iterative procedure [START_REF] Tenenhaus | La Régression PLS: Théorie et Pratique[END_REF] and reconstructs the complete table (i.e. estimation of missing values) for further analyses.

Multi-table analysis

To synthesize the various types of information concerning Harttiini presented above (genetics, morphometry, and distribution-ecology), and identify the possible common structures present within all data sets, the three tables were linked by a multiple co-inertia analysis (MCOA) (Chessel and Hanafi, 1996). Prior to the analysis, all tables were restricted to the subset of populations (n = 19) for which the three types of information were available.

Each of the three reduced tables was reanalyzed separately (PCoA for the genetic data, and PCA for the morphometric and ecological data) to reveal their structuring. Within-population variability was eliminated by the computation of average values for each population. The table reconstructed by the NIPALS algorithm was used for the ecological table. A first assessment of a possible link between the three tables was obtained using the Congruence Among Distance Matrices (CADM) test (Legendre and Lapointe, 2004) as implemented in ape 2.5 in R. The CADM test is a generalization of the Mantel test (Mantel, 1967) to test the null hypothesis of incongruence between several distance matrices. Additionally, an a posteriori procedure allows testing for the incongruence of a single distance matrix with respect to the other ones. A Holm's (1979) correction for multiple testing is applied for a posteriori tests. Pairwise Mantel correlations of the rank-transformed distances between matrices can also be computed to estimate the strength of the link between each pair of matrices. The CADM test was computed using 9,999 permutations of the three distances matrices. Prior to its computation, Euclidian distances were estimated from the mean populationals' scores of the two PCAs.

MCOA identifies the common structure in all data sets by providing a consensual typology (the compromise) maximizing the link with all tables simultaneously. This link is expressed by the sum of squared covariances between the linear combinations of the variables of each table and the compromise.

Subsequently, in order to interpret the results provided by the MCOA from an evolutionary perspective, MCOA axes and associated variables were submitted to a test of phylogenetic autocorrelation (Abouheif, 1999;Pavoine et al., 2008). This test is equivalent to a Moran's I (Moran, 1950) test of autocorrelation and was designed to detect similarities among adjacent observations in quantitative traits. The test was computed using the adephylo 1.1-0 package (Jombart et al., 2010) in R using 9,999 random permutations. A control for false discovery rate for multiple testing under dependency (Benjamini and Yekutieli, 2001) was applied since all tested variables may be proved to be phylogenetically dependent. The phylogenetic tree used for comparison was obtained from a study currently in progress (Covain et al., 2009a; 2009b; 2009c). The tree topology was computed using probalistic methods on a partitioned data set mixing mitochondrial and nuclear information. The COI marker was not used for this study, providing therefore a relatively independent observation.

RESULTS

Morphometric analysis of all populations and species of Guianese Harttiini

Morphological data were mainly structured on the first two axes of PCA (Fig. 1c) that accounted for 70.34% of the total variation (53.02% for axis 1 and 17.32% for axis 2). The first axis split the Harttiini into three groups (Fig. 1a) corresponding to Harttiella 

DNA barcode analysis of Guianese Harttiini

The sequence alignment of the 42 barcodes reached a total length of 594 positions groups as previously defined with exception of H. fowleri that formed the root of the tree (Fig. 2a). These three groups possessed very strong statistical support (100% bootstraps). Within the Harttiella group the total amount of K2P corrected distances varied from 0 to 0.12. In the NJ tree, the first diverging populations comprised representatives from Mana River (Lucifer Assuming the ordination of the different species and populations reinforced by lineage-specific variations in GC contents, the matrix was reordinated and a levelplot reconstructed (Fig. 2b). Three levels of variation were recorded in the matrix corresponding to within species (between population), between species, and between genera levels. The within species level (light green) ranged from 0 to 0.026 (mean = 0.003±0.005). The between species within genera level (green to khaki to brown) ranged from 0.031 to 0.119 (mean = 0.088±0.033) and possessed the widest range of variation with 2 maxima (Fig. 2c). The first one was located at a mean value of 0.047±0.011, and the second at 0.113±0.002. The between genera level (dark red to light red) ranged from 0.139 to 0.232 (mean = 0.197±0.019).

The PCoA computed from the K2P distances matrix (Fig. 2d) splits the Harttiini along the two first axes that accounted for 71.24% of the total inertia. The first principal coordinate that explained 46.59% of the total inertia splits Harttiella in positive scores from Harttia and Cteniloricaria in negative scores. The second principal coordinate (24.64% of the total inertia) splits Harttia (positive scores) from Cteniloricaria (negative scores). The position of H. fowleri, close to Cteniloricaria, was in contradiction with the morphology that grouped it among Harttia representatives.

Analysis of the ecology and distribution of Guianese Harttiini

The PCA computed using the NIPALS revealed structures of the ecological and distributional data on the first axis (Fig. 3c) that explained 41.11% of the total variation. This axis splits the Harttiini into two groups (Fig. 3a) with representatives of Harttiella in negative values, and representatives of Cteniloricaria and Harttia gathered together rather in positive values. The single specimen of Cteniloricaria from Mana River drainage (Crique Aya) was grouped with representatives of Harttiella due to the fact that it was collected together with Harttiella representatives, and that if formed the unique known specimen from this drainage.

Three variables were strongly correlated with the first axis (Fig. 3b): the altitude, the type of biotope and the temperature. High altitude, creek, and low temperature characterized Harttiella, which are inhabitants of small creeks in mountainous areas where the water is cooler, whereas Harttia and Cteniloricaria are representative of the main stream of rivers, in lowlands, where the water is warmer. Cteniloricaria groups (positive scores). The second axis splits Harttia from Cteniloricaria, but poorly characterized Harttiella. The projection of genetic, morphological and ecological graphical representation of the structure of each data set converted into distances matrix: K2P distances for the genetic data, and Euclidian distances for the morphometric and ecology-distribution data. CADM: test of congruence among distances matrices. Mantel.mean: correlation of each matrix with respect to the two other matrices. p-value: significance of the test for = 0.05 using Holm's correction. Mantel correlations: pairwise Mantel correlations of the rank-transformed distances between matrices. MCOA: multiple co-inertia analysis. Inertia: maximum inertia projected onto the two first axes of the simple analyses (eigenvalues of the PCoA for the genetic data, and eigenvalues of PCAs for the morphometric and ecology-distribution data tables). Coinertia: inertia of the three tables projected onto the two first multiple co-inertia axes. Cos 2 : correlation between the scores of each table and the synthetic variable of same rank (axes 1 and 2). Cov 2 : squared covariance between the scores of each table and the synthetic variable of same rank (maximized by the analysis); note that Cov 2 provides the contribution of each table to the compromise established by the multiple co-inertia analysis.

Genetic

Morphology 4a) illustrate the most important differences between the three types of information (dots) and the compromise established by the MCOA (labels).

These differences mainly concerned the second axis, and particularly the specimen of C. PCoA describing the structure of the genetic data were found to be significantly positively autocorrelated with the phylogeny, and particularly axes 1 (A1) and 2 (A2) displaying the strongest scores (in absolute values) on axes 1 and 2 of the MCOA respectively. Twenty nine morphometric variables out of 32 were found to be significantly phylogenetically dependent.

Only three variables: the dorsal-spine length, the pectoral-spine length, and the anus to analfin origin length displayed variations independent from the phylogeny. Concerning the ecological and distributional variables, two ecological variables (type of biotope and temperature), and two geographical variables (altitude and longitude) were found to be positively linked to the evolutionary history of Harttiini.

TAXONOMIC IMPLICATIONS

Based on these results, the systematics of Guianese Harttiini is revised. Due to the very strong genetic, morphological and ecological groupings, three valid genera are here recognized: Cteniloricaria, Harttiella, and Harttia (their diagnosis is presented later on in this chapter). Several populations within these three genera represent new taxa, and one synonymy is highlighted. For diagnoses of new species and redescriptions of formerly described species, all variables were submitted to an analysis of variance between species, and significant differences in mean were evaluated using the Tukey's Honest Significant Differences (HSD) post-hoc test using a 95% confidence interval. This single-step multiple comparison procedure allows to find which means are significantly different from one another. Prior to the analysis of variance, individuals' measurements were rank-transformed by species to reduce problems related to small samples.

Cteniloricaria Isbrücker andNijssen, 1979 Cteniloricaria Isbrücker andNijssen, in Isbrücker, 1979: 91. Type species: Loricaria platystoma Günther, 1868. Type by original designation. Gender: Feminine.

Cteniloricaria is distinguished from all other Guianese Harttiini by 30 morphometric variables (Tab. V) among which, six possessed very strong loadings onto PCA axes (Fig. 1b).

Cteniloricaria is characterized by a slender appearance with a greater postdorsal length Within the Cteniloricaria group strong genetic divergences and morphological structures were found with significant differences in PCA scores for the first axis ( 2 K-W = 13.7128, p-value = 0.0175), but not for the second ( 2K-W = 8.4508, p-value = 0.1331). No significant differences in shape (W = 1118, p-value = 0.1383), nor in genetics (K2P = 0.003) were recorded between C. platystoma from Essequibo drainage [described from Suriname (Günther, 1868), but subsequently restricted to Guyana (Boeseman, 1971)] and C. maculata from Corantijn River (type locality, Sipaliwini River). As a consequence, C. maculata falls here into the synonymy of C. platystoma. This latter therefore includes all populations from the Essequibo in Guyana to the Sinnamary River in French Guiana, including Mana River (new record). All barcoded populations previously recorded as C. maculata fell within the usual range of populational variation of COI barcodes ( 0.03). Populations from French Guiana nevertheless displayed stronger differences in genetics (0.017 to 0.026) and shape (W = 2930, p-value = 0.0161) with respect to Western populations. A shift between morphology and genetics was also observed with populations from Maroni, Mana, and Suriname Rivers exhibiting similar appearance ( 2K-W = 0.1398, p-value = 0.9325), whereas genetically the latter was more closely related to populations from Corantijn and Essequibo Rivers (in mean 0.013 versus 0.025 K2P divergence). A population from Paru de Oeste River displayed strong genetic differences of specific level (K2P distances > 0.05), but displayed few morphometric differences compared to C. platystoma. Only 12 morphometric variables out of 32 distinguished significantly both species (Tab. V). The colour pattern also distinguished the population from Paru de Oeste River from the previous species.

Cteniloricaria platystoma (Günther, 1868) (Supplementary material S1) Loricaria platystoma Günther, 1868: 478. Type locality: Surinam (?). Lectotype: BMNH 1866.8.14.124, designated by Isbrücker (1979: 113).

Oxyloricaria platystoma (Günther, 1868): Regan 1904: 298. Parasturisoma platystoma (Günther, 1868) : Boeseman 1971: 37. Cteniloricaria platystoma (Günther, 1868) : Isbrücker 1979: 91;Isbrücker 1980: 89;Burgess 1989: 440;Isbrücker 2001: 26, 29;Isbrücker 2002: 15;Ferraris in Reis et al. 2003: 331;Ferraris 2007: 233;Vari et al. 2009: 39. Harttia platystoma (Günther, 1868) Harttia maculata (Boeseman, 1971): Rapp Py-Daniel and Oliveira 2001: 80; Provenzano et al. 2005: 521; Covain et al. 2006: 9. Cteniloricaria maculata (Boeseman, 1971) : Isbrücker 1979: 91;Burgess 1989: 440;Le Bail et al. 2000: 268;Isbrücker 2001: 26, 30;Isbrücker 2002: 15;Ferraris in Reis et al. 2003: 331;Ferraris 2007: 233. Morphometric and meristic data are provided in table I, and GenBank accession numbers for barcodes in table II. Twelve morphometric variables distinguish C. platystoma from its congener (Tab. V). Cteniloricaria platystoma is distinguished from C. napova n. sp. by a greater postdorsal length (mean = 61.60±1.14% of SL versus 60.73±0.74; HSD, p-value = 0.006), longer caudal peduncle (mean = 51.74±1.14% of SL versus 51.03±0.90; HSD, pvalue = 0.0191), and pelvic-fin spines (mean = 18.10±1.01% of SL versus 17.53±0.42; HSD, p-value = 0.0342), a wider body at eighth postdorsal plate (mean = 9.34±0.97% of SL versus 8.85±0.58; HSD, p-value = 0.0348), a greater nostril to tip of snout length (mean = 39.16±2.70% of HL versus 36.86±1.93; HSD, p-value = 0.009), and interorbital width (mean = 22.50±1.11% of HL versus 21.51±1.29; HSD, p-value = 0.0025). K2P distances to congeneric species ranged from 0.056 to 0.070 according to the population. Its colouration makes it difficult to observe in its natural habitat (Supplementary material S2). The background colour of the dorsal surface is brown with darker indistinct marbling forming black transverse bands toward the tail. Limits of plates are well defined and appear darker, particularly in the anterior region. Areas with golden to bronze shimmers are present below the eyes, eye copper-coloured. A black crescent is present in the caudal fin, sometimes extending toward the lower lobe making it almost black. A black colouration may be also present in the anterior and uppermost part of the dorsal fin. All fins but anal possess dark punctuation on rays forming stripes. The lower surface is yellowish tan. The teeth are not numerous for a Harttiini (around 40 on each jaw), pedunculated, and arranged in a single, comblike row. Sexual dimorphism has never been reported despite a large sampling effort. It could be therefore different from what is commonly reported for other Harttiini. Indeed, certain specimens exhibit much longer pectoral and dorsal fins, the pectoral spines sometimes bearing short but more developed odontodes on their external surface, compared to others of the same size collected at the same place. Such specimens may represent males, which typically exhibit this type of feature in other species. If it is confirmed, the lectotype of C. platystoma represents thus a male specimen, whereas the holotype of C. maculata corresponds to a female. This is a widespread species distributed in almost all Atlantic coastal drainages from Essequibo in Guyana to Sinnamary in French Guiana (Fig. 5). It is an inhabitant of the main channel of rivers where it colonizes rocky and sandy areas, in fast flowing waters. The species is locally abundant, particularly in its western distribution where it forms the only representative of the Harttiini. When it is sympatric with other Harttiini such as Harttia surinamensis or H. guianensis, its occurrence becomes scarcer, probably due to competitive exclusion, and it is more frequently observed in the marginal areas of its prefered biotopes, or even in forest creeks. beyond anal-fin origin. Anal fin with i,4 rays, spine longer. Caudal fin deeply forked with i,12,i rays.

Colouration

In alcohol, background colour of dorsal surface of head and body tan with numerous distinct small equally spaced dark spots. Anterior part of body, between pectoral fins, darker.

Dark shading extending on the sides, but not onto the back, anterior of the pelvic fins. Ventral surface uniformly pale yellowish, appearing greyish in the transparent portion of the abdominal region due to dark pigmentation of internal organs. Dorsal-fin rays yellowish tan with numerous dark brown spots arranged in bands, with a black blotch on the tip. Caudal fin with a dark crescent in its middle part and dark stripes on its lower and upper lobes. Pectoral, pelvic, and anal fins lighter, with indistinct dark markings.

Sexual dimorphism

Unknown. Maybe reminiscent of C. platystoma (see above).

Distribution and habitat

Known from upper Paru de Oeste River (Fig. 5).

Etymology

The species group name napova is from the Amerindian Trio-Wayana meaning thank you. It honours the Trio people from Sipaliwini who offered us these fish. Name used in apposition.

Harttiella Boeseman, 1971 Harttiella Boeseman, 1971: 25. Type species: Harttia crassicauda [START_REF] Boeseman | Scientific results of the Surinam expedition 1948-1949. Part II. Zoology, No. 2. The Fishes (I)[END_REF] Type by original designation. Gender: Feminine.

Harttiella is distinguished from all other Guianese Harttiini by 30 morphometric variables (Tab. V) among which, 18 possessed very strong loadings onto PCA axes (Fig. 1b).

Harttiella is differentiated from other Guianese Harttiini by: a longer head respectively to its Harttiella crassicauda [START_REF] Boeseman | Scientific results of the Surinam expedition 1948-1949. Part II. Zoology, No. 2. The Fishes (I)[END_REF] (Supplementary material S3)

Harttia crassicauda Boeseman, 1953: 10, Figs. 1b, 2. Type locality: Nassau Mountains, in creek, Suriname. Holotype: RMNH 19418 (largest of 15 specimens), not separated from paratypes.

Harttiella crassicauda [START_REF] Boeseman | Scientific results of the Surinam expedition 1948-1949. Part II. Zoology, No. 2. The Fishes (I)[END_REF] : Boeseman 1971:11;Isbrücker 1980:89;Burgess 1989:439;Le Bail et al. 2000:276;Isbrücker 2001:27;Isbrücker 2002:16; Ferraris in Reis et al. 2003:336; Ferraris 2007:242; Vari et al. 2009 The anterior part of the body is indistinctly marbled, conferring the species camouflage with the substrate (Supplementary material S4-A). Fin rays also have darker markings, more or less forming stripes. Ventral surface is lighter. The sexual dimorphism consists in the hypertrophy of odontodes on the entire body, and particularly on the S-shaped pectoral-fin spines and around the snout in males.

Harttiella crassicauda is only known from Nassau Mountains in Suriname (Fig. 5), where it occurs in the upper reaches of Paramaka Creek, a tributary of Marowijne River, at an altitude up to 250 m above mean sea level. It has not been collected in streams to the north (Anjoemara Creek) or to the south (Gran Creek) of Paramaka Creek. The reaches with H. crassicauda were shallow (mainly <50 cm water depth), but with year-round running water (e.g. H. crassicauda was not collected in the extreme headwaters of Paramaka Creek which fall dry in the long dry season September-November). The bottom substrate consisted of bedrock, boulders, pebbles, gravel and sometimes large-grain sand. The water was clear (Secchi transparency >200 cm in deep pools at the edge of the plateau), slightly acidic (pH 5.1-6.9), with low conductivity (23-28 S/cm), variable current velocity (0-70 cm/s), and relative low temperature (22.2-23.2°C) (Mol et al., 2007). The upper reaches of Paramaka Creek had no aquatic vegetation except for some clumps of filamentous red algae (mainly Batrachospermum spp.) and stands of the emergent Thurnia sphaeorocephala at the edge of the plateau. Other fish species of these high-altitude streams in Nassau Mountains included: Rivulus cf. igneus, Synbranchus marmoratus, Callichthys callichthys, Lithoxus spp, an unindentified trichomycterid catfish, and a new Guyanancistrus species (see this volume).

The extremely limited distribution of H. crassicauda in a single creek on a single mountain, coupled with the small population sizes, make it highly vulnerable. Urgent measures should be taken to protect this species and its immediate environment which is directly endangered by mining activities in Nassau Mountains. 

Harttiella pilosa

Description

Morphometric and meristic data in table I, and GenBank accession numbers in table II.

A member of the longicauda group. General aspect of fish small, slender and hairy, especially anterior to dorsal-fin origin. Caudal peduncle, long and slender. Anterior margin of head rounded in dorsal view. Eye small, orbit round, without notch. Odontodes short and thick, densely covering body making fish rather hispid or slightly spiny particularly in males. In life, background colour of dorsal surface reddish brown, with black postdorsal bands (Supplementary material S4-B).

Sexual dimorphism

Males with longer, thicker and more widely spaced apart odontodes on the head surface, and on pectoral spines, and with a deeper snout, particularly at the level of internostril.

Distribution and habitat

Only known from type locality. Harttiella pilosa was collected in Crique Grillon, a tributary of Orapu River in Tortue Mountains (Fig. 5), at an altitude of approximately 200 m above mean sea level. The portion of the river in which H. pilosa was found was immediately upstream of a 30 m high waterfall (H. pilosa was not collected downstream of the waterfall).

That portion of the river was approximately 10 m wide with shallow (5-40 cm) water and a bottom substrate consisting of gravel, pebbles, boulders, bed rock and sand mainly constituted of iron hydroxide (Edwin Gnos, MHNG, pers. comm.). Leaf litter and large woody debris were also abundant. The water was clear (Secchi transparency >40 cm), slightly acidic (pH 6.5), with low conductivity (52 S/cm), variable current (0-70 cm/s), and relatively low temperature (24 °C). The reach had no aquatic macrophytes, but clumps of filamentous red algae were observed on rocky bottom substrate. The fish community included: Bryconops affinis, Hemigrammus unilineatus, Melanocharacidium blennioides, Helogenes marmoratus, Pseudopimelodus raninus, Ancistrus cf. leucostictus, Lithoxus planquettei, Guyanancistrus aff. brevispinis, Krobia guianensis, and Crenicichla sp.

Etymology

The species group name pilosa is from Latin pilosus meaning hairy, and makes reference to the unusual aspect of males' head. 

Harttiella parva

Description

Morphometric and meristic data in table I, and GenBank accession numbers in table II.

A member of the crassicauda group. General aspect of fish small and stocky, with a short, broad and thick caudal peduncle. Head rounded in dorsal view. Eye small, orbit round, without notch. Odontodes short, densely covering body conferring fish a velvety aspect. Snout 

Colouration

In alcohol, background colour of dorsal surface of head and body brownish tan with 4 thin postdorsal dark bands. Anterior part of body darker. Ventral surface lighter. Fin rays yellowish tan with dark brown spots forming stripes. Fin membranes hyaline. Uppermost part of dorsal fin sometime with a small black blotch. Caudal fin with distinct dark stripes (usually 4) becoming larger toward distal margin. Last stripe forming a large black band at tail extremity.

Sexual dimorphism

Males with long and thicker odontodes on the external surface of pectoral spines.

Distribution and habitat

Only known from type locality (Fig. 5), a small forest creek in Atachi Bakka Mountains.

Etymology

The species group name parva is from Latin parvus meaning small, and makes reference to the size of the species. A member of the crassicauda group. General aspect of fish small and stocky, with a short, broad and thick caudal peduncle. Head rounded to slightly triangular in dorsal view.

Harttiella intermedia

Eye small, orbit round, without notch. Odontodes short, densely covering body, conferring fish with a velvety aspect. Snout tip naked. 

Colouration

In alcohol, background colour of dorsal surface of head and body brownish tan with 5 thick postdorsal dark bands. Anterior part of body darker. Ventral surface lighter. Fin rays yellowish tan with indistinct dark brown spots more or less forming stripes. Fins membranes hyaline. Caudal fin with usually four indistinct dark stripes. Tip of caudal fin whitish. Some specimens with a basicaudal spot.

Sexual dimorphism

Unknown. Probably similar to that observed in H. crassicauda (see above).

Distribution and habitat

Only known from type locality (Fig. 5), in headwaters of Crique Grand Leblond on the Tabular Mountain of the Trinité Massif. The species was collected with representatives of Ituglanis nebulosus, Rivulus igneus, R. lungi, and R. aff. breviceps.

Etymology

The species group name intermedia is from the Latin intermedius meaning intermediary, making reference to the contradiction between morphometry and genetics. 

Harttiella lucifer

Description

Morphometric and meristic data in table I, and GenBank accession numbers in table II.

A member of the longicauda group. General aspect of fish small, flat, and slender, with a long and slender caudal peduncle. Body wider in its anterior part. Head large, short and rounded to slightly triangular in dorsal view. Eye small, orbit round, without notch.

Odontodes short, densely covering body conferring fish a velvety aspect. Snout tip naked. 

Colouration

In alcohol, background colour of dorsal surface of head and body variable, from dark brown to reddish brown or light tan, with 5 thick postdorsal dark bands. Anterior part of body darker. Ventral surface lighter, yellowish tan. Fin rays yellowish tan with indistinct dark brown spots more or less forming stripes. Fin membranes hyaline. Caudal fin with indistinct dark stripes (2). Distal caudal-fin margin yellowish.

Sexual dimorphism

Males with larger head and thickened pectoral spines, bearing hypertrophied odontodes.

Distribution and habitat

Occurs in mountainous areas in the Lucifer and Galbao massifs in Central French Guiana (Fig. 5). In the Lucifer Mountains, the species has been collected with representatives of Rivulus igneus and Ituglanis sp.

Etymology

The species group name lucifer refers to the type locality. A name used in apposition. 

Harttiella longicauda

Diagnosis

Harttiella longicauda is distinguished from all other congeneric species except H. pilosa by the frequent presence of few small preanal plates (versus no preanal plates), and by its specific barcode sequences (JF292277, JF292278, JF292279, JF292280, JF292282,

Colouration

In alcohol, background colour of dorsal surface of head and body variable, from dark brown tan to greyish tan, with 5 thick postdorsal dark bands. Anterior part of body darker.

Population from Crique Cascade, Approuague River drainage, with dark spots or vermiculations on head. Ventral surface lighter, yellowish tan. Often with a dark blotch at anal-fin origin. Fin rays yellowish tan with indistinct dark brown spots more or less forming stripes. Fins membranes hyaline. Caudal fin with indistinct, poorly defined, dark stripes.

Sexual dimorphism

Males with a wider head and thickened pectoral spines bearing hypertrophied odontodes.

Distribution and habitat

Occurs in mountainous areas in the Trinité and Balenfois massifs in Northern French Guiana (Fig. 5). In the Trinité Mountains, the species has been collected with representatives of Guyanancistrus aff. brevispinis, Krobia itanyi, Rhamdia quelen, Ancistrus cf. leucostictus, Lithoxus planquettei, Characidium fasciadorsale, Melanocharacidium cf. dispilomma, and Rineloricaria aff. stewarti.

Etymology

The species group name longicauda is from Latin longus meaning long, and cauda meaning tail. The name makes reference to the shape of the caudal peduncle. 

Harttiella janmoli

Description

Morphometric and meristic data in table I.

A representative of the crassicauda group. General aspect of fish small and stocky, with a short, large, thick and flattened caudal peduncle. Head large, short and rounded in dorsal view. Eye small, orbit round, without notch. Odontodes short, densely covering body conferring fish a velvety aspect. Snout tip naked.

Mouth elliptic with large and thick upper and lower lips. One buccal papilla. Surface of lips papillose, with numerous papillae. Distal margin of the lower lip fringed with minute triangular papillae. Maxillary barbel minute. Teeth not numerous ( 30 per jaw), pedunculated and arranged in a single, comblike row. Subpreopercle not visible in ventral view. Abdomen naked except for lateral abdominal plates. Five to 8 (modally 7) lateral abdominal plates.

Twenty-four to 26 (modally 25) plates in median lateral series, plates not coalescing. Dorsal-fin origin more or less in front of pelvic-fin insertion. Dorsal and pectoral fins with i,6 rays. Pectoral spine longer than branched rays, slightly curved to S-shaped, reaching beyond pelvic-fin origin. Pelvic fin with i,5 rays; spine longer, reaching beyond anal-fin origin. Anal fin with i,4 rays, spine longer. Caudal fin truncated with i,12,i rays.

Colouration

In alcohol, background colour of dorsal surface of head and body dark brown, with usually 4 thick postdorsal dark bands, bands in the position of the third and fourth of congeners merged into a large black transverse saddle on the caudal peduncle. Anterior part of body darker, almost black in certain areas. Ventral surface lighter, yellowish tan. Often with a dark blotch at anal-fin origin. Fin rays yellowish tan with indistinct dark brown spots more or less forming stripes. Fins membranes hyaline, becoming lighter toward distal margins. Caudal fin with poorly defined dark stripes. Medial part of caudal fin with a lighter yellowish band.

Sexual dimorphism

Males with a wider head and thickened pectoral spines bearing hypertrophied odontodes. Body more densely covered by odontodes than in females, especially on head.

Distribution and habitat

Only known from type locality in French Guiana, in a small forest creek of the Kotika Mountains at an altitude of 515 m (Fig. 5).

Etymology

The species group name janmoli honours the Dutch ecologist Jan H. Mol for his strong personal investment in the knowledge and protection of Harttiella, especially in Suriname where he recovered the highly vulnerable H. crassicauda. The following combination of characters also differentiates the genus: abdomen partially to wholly covered by very small, rhombic, plates without particular organization. Abdominal plating sometimes restricted to preanal and lateral abdominal plates. Body large, flattened covered by very short odontodes conferring a rather smooth aspect to the species. Subpreopercle exposed. Lateral plates keeled and coalescing toward the end of caudal peduncle. Caudal peduncle becoming more compressed between the eighth and fourteenth postdorsal plates.

Harttia

Within the Harttia group, very strong morphological structures were found with significant differences in PCA scores on the two first axis ( 2K-W = 128.9601, p-value < 0.0001; 2 K-W = 44.2382, p-value < 0.0001). Deep genetic divergences were also recovered with K2P distances ranging between 0 and 0.19. Considering the different populations of H. guianensis, slight differences in shape were found on axis 1 ( 2K-W = 35.4856, p-value < 0.0001; 2 K-W = 0.1685, p-value = 0.9192), and almost no differences in genetics (0 < K2P < 0.0017). The three populations of H. guianensis (Maroni, Sinnamary, and Approuague drainages) therefore correspond to a single, morphologically relatively plastic, species.

Significant differences between populations were highlighted and characterized in Covain et al. (2006), and are not repeated herein. Significant differences in shape were also recorded between H. surinamensis and the populations from Coppename and Paru de Oeste Rivers Harttia guianensis Rapp Py-Daniel and Oliveira, 2001: Isbrücker 2001:27;Isbrücker 2002:16;Ferraris in Reis et al. 2003:335;Provenzano et al. 2005:521;Covain et al. 2006:9;Ferraris 2007:241;Vari et al. 2009:29. Harttia surinamensis not Boeseman, 1971: Boujard et al. 1997:141;Le Bail et al. 2000:274. Morphometric and meristic data are provided in table I, and GenBank accession numbers for barcodes in Table II -A). The background colour of the dorsal surface is yellowish tan to beige. A dark, almost black, marbling covers the dorsal surface and five black postdorsal bands are present. In juveniles, this pattern exhibits greater contrast and the head appears greenish with a golden area on the supra-occipital and between the eyes; eye copper coloured. A large black basicaudal blotch is present. The caudal fin is deeply forked and has the distal ends of upper and lower lobes black, and the medial part bright yellow. A black blotch is also often present on the tip of the dorsal fin. All paired fins and dorsal fin possess dark spots on rays forming distinct stripes. The lower surface is yellowish tan. The abdominal plating is restricted to lateral abdominal plates (5 to 8, modally 7) and to the preanal plates. Two large quadrangular plates are present immediately in front of the anus and are bordered by smaller plates up to the pelvic-fin insertion. Harttia guianensis has usually 29 plates in the lateral series, these plates are keeled and coalescing toward the 20 th to 22 nd plates.

The caudal peduncle becomes much more compressed after the confluence of plates. The head is large, with a large elliptic mouth with papillose lips. The subpreopercle is well exposed, triangular, and covered by odontodes. The teeth are numerous (around 80 on each jaw), pedunculated, and arranged in two staggered, comblike rows. In males, the sexual dimorphism consists in the hypertrophy of odontodes on the upper surface of the thickened pectoral spines, on the snout margin, and on keels of the lateral plates. The sexual dimorphism is seasonal. Evers and Seidel (2005) reported that breeding males lost the hypertrophied odontodes of the pectoral spines, at least five days after breeding. This species occurs in coastal drainages of French Guiana and Suriname, from the Approuague River to the Maroni/Marowijn River (Fig. 5). It is an inhabitant of the main channel of rivers, where it colonizes rocky and sandy areas in fast flowing waters. The species is locally very abundant, and is often syntopic with C. platystoma, except in Approuague River. Boeseman, 1971 (Supplementary material S7)

Harttia surinamensis

Harttia surinamensis Boeseman, 1971: 28, pl. 3. Type locality: Grandam, Gran Rio, upper Suriname River, Surinam. Holotype: RMNH 26388 (188.30 mm specimen, holotype not separated from paratypes).

Harttia surinamensis Boeseman, 1971: Isbrücker 1980:90; Burgess 1989:439; Langeani et al. 2001:141; Rapp Py-Daniel and Oliveira 2001:80; Isbrücker 2001:27; Isbrücker 2002:16; Ferraris in Reis et al. 2003:335; Provenzano et al. 2005:521; Covain et al. 2006:9; Ferraris 2007:242; Vari et al. 2009 tuna (HSD, p-value = 0.0033)]; a wider body at eighth postdorsal plate compared to H. 

Diagnosis

Harttia fluminensis is distinguished from all congeners except H. tuna n. sp. and H. trombetensis by an incomplete abdominal cover, restricted to preanal and abdominal lateral plates with a row of platelets joining these two series of plates (versus no row of platelets making junction between preanal and lateral abdominal plates), and by its specific barcode sequence (JF292263). It can be distinguished from H. tuna by a deeper head mean 38.94±1.42% of HL,mean 36. 

Description

Morphometric and meristic data in table I, and GenBank accession numbers in table II.

General aspect of fish flat and broad, with a thick caudal peduncle before confluence of lateral keels. Head large, short and triangular to slightly rounded in dorsal view. Eye large, orbit more or less round, without notch. Odontodes very short, conferring fish a smooth aspect. Snout tip naked.

Mouth elliptic with large and thick upper and lower lips. Surface of lips papillose, with numerous papillae. Distal margin of the lower lip fringed with minute triangular papillae.

Maxillary barbel minute. Teeth numerous ( 90 per jaw), pedunculated and arranged in two staggered, comblike rows. One buccal papilla. Subpreopercle well exposed in ventral view, triangular, and covered by odontodes. Abdomen naked except for preanal plates, lateral abdominal plates, and a row of platelets making junction between previous series of plates.

Six to 9 (modally 7) lateral abdominal plates, plates keeled but not sharp. Two large preanal plates. Twenty-nine to 30 (modally 29) plates in median lateral series. Lateral plates keeled, coalescing between 7 th and 9 th last postdorsal plates. Caudal peduncle abruptly compressed after confluence of lateral plates. Dorsal-fin origin more or less in front of pelvic-fin insertion. Dorsal and pectoral fins with i,6 rays. Pectoral spine longer than soft rays, slightly curved, reaching much beyond pelvic-fin origin. Pelvic fin with i,5 rays; spine longer, just reaching anal-fin origin. Anal fin with i,4 rays, spine shorter. Caudal fin forked with i,12,i rays.

Colouration

In alcohol, background colour of dorsal surface of head and body dark brown tan, with 5 to 6 indistinct postdorsal dark bands and dark marbling. Ventral surface lighter, yellowish tan. Abdomen whitish. A large dark band at base of caudal fin representing 1/3 of the fin surface. Distal two-thirds of caudal fin lighter with a thinner dark band. Tip of lower lobe black. Fin rays yellowish tan with distinct dark brown spots forming stripes. Tip of dorsal fin with a black blotch. Fins membranes hyaline, except paired fins reddish anteriorly.

Sexual dimorphism

Males with a wider head and thickened pectoral spines bearing hypertrophied odontodes.

Distribution and habitat

Only known from the Coppename River drainage in Suriname (Fig. 5), where it frequents the main channel over rocky and sandy bottom, in fast flowing waters.

Etymology

The species group name fluminensis is from Latin flumen meaning river, and makes reference to the ecology of Harttia that represents a group of rheophilic fish from the main channel of rivers. 

Harttia tuna

Diagnosis

Harttia tuna is distinguished from all other congeneric species except H. fluminensis and H. trombetensis by an incomplete abdominal cover restricted to preanal and abdominal lateral plates with a row of platelets joining these two series of plates (versus no row of platelets making junction between preanal and lateral abdominal plates), and by its specific barcode sequence (JF292262). It can be distinguished from H. fluminensis by a shallower head mean 36.52±1.80% of HL, General aspect of fish flat and broad, with a thick caudal peduncle before confluence of lateral keels. Head large, short and triangular to slightly rounded in dorsal view. Eye large, orbit more or less round, without notch. Odontodes very short, conferring fish a smooth aspect. Snout tip naked.

Mouth elliptic with large and thick upper and lower lips. Surface of lips papillose, with numerous papillae. Distal margin of the lower lip fringed with minute triangular papillae.

Maxillary barbel minute. Teeth numerous ( 90 per jaw), pedunculated and arranged in two staggered, comblike rows. One buccal papilla. Subpreopercle well exposed in ventral view, triangular, and covered by odontodes. Abdomen naked except for preanal plates, lateral abdominal plates, and a row of platelets making junction between previous series of plates.

Six to 9 (modally 7) lateral abdominal plates, plates keeled but not sharp. Two medium sized preanal plates. Twenty-nine to 30 (modally 29) plates in median lateral series. Lateral plates keeled, coalescing between 7 th and 9 th last postdorsal plates. Caudal peduncle abruptly compressed after confluence of lateral plates. Dorsal-fin origin more or less in front of pelvic-fin insertion. Dorsal and pectoral fins with i,6 rays. Pectoral spine longer than branched rays, slightly curved, reaching much beyond pelvic-fin origin. Pelvic fin with i,5 rays; spine longer, just reaching anal-fin origin. Anal fin with i,4 rays, spine shorter. Caudal fin forked with i,12,i rays.

Colouration

In alcohol, background colour of dorsal surface of head and body greyish tan, with 6 to 7 indistinct postdorsal darker bands and brownish poorly defined spots and marbling. A large black quadrangular area below eyes. Ventral surface lighter, yellowish. Abdomen whitish. A large dark band at base of caudal fin representing 1/3 of fin surface. External part of caudal fin lighter with a thinner brownish band. Tip of lower lobe black. Fin rays yellowish tan with distinct dark brown spots forming stripes. Tip of dorsal fin with a black blotch. Fins membranes hyaline.

Sexual dimorphism

Males with a larger head and thickened pectoral spines bearing hypertrophied odontodes.

The abdominal plating is complete in specimens greater than 120 mm SL, made of small granular platelets without particular organization. Abdominal plating reaches gill opening with the throat not covered, and the anterior margin V-shaped. Ontogenetic development of the abdominal cover is similar to that of H. surinamensis, begins at a smaller size and is always complete in adults. Harttia fowleri usually has 29 plates in the lateral series, these plates are keeled and coalescing toward the 19 th to 21 st plates. The caudal peduncle becomes abruptly more compressed after the confluence of plates. The head is wide, with a large elliptic mouth with papillose lips. The subpreopercle is well exposed, triangular, and covered by odontodes. The teeth are numerous (around 75 on each jaw), pedunculated, and arranged in a single, comblike row. The sexual dimorphism is unknown despite a large sampling effort, but could be reminiscent of what can be observed in other Harttia. Some specimens bear thicker pectoral spines with few, well visible odontodes. Moreover, such specimens, suspected to be males, also possess longer pectoral and pelvic-fin spines which are prolonged into soft extensions (not filamentous). This species is restricted to the Oyapock/Oiapoque River drainage in French Guiana and Brazil (Fig. 5). This is the largest species of the group within the Guianas, and specimens greater than to 220mm SL are not unusual. It is an inhabitant of the main channel where it colonizes rocky and sandy areas, in fast flowing waters. The species is locally abundant.

DISCUSSION

This global assessment of the diversity of Harttiini within the Guianas unambiguously demonstrates that the richness of this group was greatly underestimated until now. No fewer than 9 new taxa are presented here increasing the total number of known species to 14 (more than twice the number previously recorded). The Harttiini show strong morphological trends supporting the validity of three genera: Harttiella, Cteniloricaria and Harttia. This division into three entities was also strongly supported by the COI barcodes, with distinct lineagespecific patterns in GC contents and deep genetic divergences between genera (mean = 0.197 K2P distance). Notably, the high divergences between genera found here are greater than reported elsewhere. [START_REF] Ward | REVIEW PAPER: The campaign to DNA barcode all fishes, FISH-BOL[END_REF], in a review about the campaign of DNA barcoding in fishes, reported a mean value of 0.1619±0.0004 for the K2P variation within family (= between genera) based on the sequencing of 1,677 specimens belonging to 546 species and 273 genera, most of them representing Australian marine forms. In another study conducted on freshwater fishes from Canada, Hubert et al. (2008) reported a between genera variation of 0.1538±0.0001 based on the sequencing of 1,360 specimens belonging to 190 species and 85 genera. Our results relating to between and within species levels perfectly corroborate previous findings, with within species K2P distance variation reaching 0.0027±0.0005 in this study versus 0.0035±0.0001 in [START_REF] Ward | REVIEW PAPER: The campaign to DNA barcode all fishes, FISH-BOL[END_REF] and 0.0027±0.0001 in Hubert et al. (2008).

The within genera divergences reached 0.0878±0.0333 in this study and 0.0811±0.0004 and 0.0837±0.0003 in [START_REF] Ward | REVIEW PAPER: The campaign to DNA barcode all fishes, FISH-BOL[END_REF] and Hubert et al. (2008), respectively. Contrasting slightly with these results, [START_REF] Valdez-Moreno | Probing diversity in freshwater fishes from Mexico and Guatemala with DNA barcodes[END_REF] reported a variation of 0.1357±0.0007 at between genera level, and 0.051±0.0008 and 0.0045±0.0001 at within genera and within species levels respectively, in the COI sequences of freshwater fishes from Mexico and Guatemala (results obtained based on 427 specimens representing 61 species and 36 genera).

These authors hypothesised a more recent origin of freshwater fishes compared to their marine counterparts to explain differences with Ward et al.'s results. Nevertheless, the hypothesis of a younger origin of freshwater fish species is not supported by our results, nor by the study of Hubert et al. (2008). The latter, assuming the hypothesis that the fragmentation of freshwater ecosystems leads to stronger genetic structure among populations and to deeper divergence among haplotypes in freshwater fishes than in marine ones (Ward et al. 1994), pointed out that the pattern of variation in distances was strikingly similar between both groups (freshwater and marine fishes). Although they detected geographic structure in their data, they concluded that the higher geographic structure in freshwater fishes was not necessarily reflected in deeper intra and interspecific divergence. They nevertheless admitted that the Canadian freshwater fish fauna could be relatively recent given that most of the rivers and lakes were colonized after the glacial retreat at the end of the Pleistocene. The deep differences between genera and the surprisingly similar levels of variation between and within species observed in our data may thus be explained by the fact that Guianese Harttiini represents an ancient lineage, but its diversification within the Guianas could be relatively recent. Hebert et al. (2004) suggested that divergent specimens could be flagged as putative species if they showed 10-fold the mean intraspecific differentiation for the group under study. Ward (2009) demonstrated that this statement was correct, even thought rather conservative especially considering cryptic speciation. Ward (2009) refined the approach of Hebert et al. (2004), and based on the analysis of 1,088 species of fish, proposed that specimens with divergences greater than 2% were likely to be different species with a probability greater than 0.95. This threshold applied to a great majority of our data, since all but two species exhibit interspecific variations greater than 0.027 (10x within species distance here of 0.0027) leading to a distinct barcoding gap between species (Meyer and Paulay, 2005). Only Harttiella intermedia shares identical barcode sequences with its congener H. longicauda, representing less than 6% of all species assignment. Different explanations have been proposed to explain such phenomena (Hebert et al., 2003; Meyer and Paulay, 2005; Hubert et al., 2008; Ward et al., 2009). Introgressive hybridization and poor taxonomy were often put forward. Nevertheless Hubert et al. (2008) pointed out that the establishment of reciprocal monophyly between two sister taxa was also a function of time, given that fixation of a new coalescent follows the line of descent. When not enough time passed to split sister species, one may obtain a paraphyletic grouping with one species nested within a second one (then the coalescent of the first species is contained within the coalescent of the second) or a polyphyletic grouping, both species sharing the same coalescent (Meyer and Paulay, 2005).

Harttiella intermedia may consequently represent a vicariant form of the latter resulting from a founder effect. Both species being present within the Sinnamary basin, a small population derived from H. longicauda may have been quite recently isolated in the Trinité Massif.

Following the example of the East African lacustrine cichlid species flock, evolution of morphology in a small isolated population can occur very quickly, before enough time has passed to genetically differentiate the species. Harttiella intermedia could therefore represent rather a very recently emerging species whose morphology evolved very quickly making it perfectly distinct from H. longicauda. The second problem with the global threshold used here concerned the lineage including Harttia surinamensis. The 2% threshold used does not allow recognition of H. surinamensis and H. fluminensis as distinct species whereas these two entities are clearly morphologically diagnosable. Conversly, this threshold allowed the discovery of two pairs of cryptic species: Harttia fluminensis and H. tuna, and Harttiella lucifer and H. longicauda. These two pairs of species are indeed very difficult to distinguish morphologically but the amount of genetic divergence accumulated by both pairs of species left no doubt about their validity. This case of morphological stasis where the ancestral shape of the group was maintained almost identically in the two species while a significant amount of mutation has accumulated in their respective COI genes, contrasts with the case of H. intermedia and H. longicauda. A last unexpected result was the amount of divergence observed in Harttia fowleri. While it appears morphologically very close to Guianese Harttia, it possesses smaller genetic divergences with Cteniloricaria. Moreover, the NJ unrooted tree obtained here placed H. fowleri outside Harttia and Cteniloricaria at the base of the tree.

Despite the problems generally encountered in highly diversified lineages, the COI barcode approach has proven to be a relevant and powerful tool to assess the global diversity of Harttiini within the Guianas. Moreover, the significant lineage dependence highlighted in GC content, particularly GC1 and GC3, allows envisaging their use directly in a multivariate framework for explanatory or discrimination purposes.

The unifying structure provided by the multi-table approach including genetics, morphometry, and ecology-distribution establishes the link between all types of data, and provided a graphical output allowing recognition of congruence and incongruence between tables. Unsurprisingly, the morphology and genetics were highly congruent, and few variations were observable on the factorial map, the most unstable species between preliminary representations being H. fowleri. On the other hand, ecological and distributional data displayed stronger differences. In all respects, the quality of the obtained consensus allowed a detailed exploration of the data. Indisputably, the greatest advantage of the MCOA is the unification of the different variables contained in the different data set within the same analysis. This allows a graphical exploration of those variables and highlights unrevealed associations between them onto co-inertia axes. Indeed, strong correlations were found between an intraphenotypic component composed of genetics and morphology, and an extraphenotypic component made of ecological and distributional variables. Moreover the tests against phylogenetic dependence, first on MCOA axes and secondarily on all variables, allow the interpretation of these associations in an evolutionary perspective. The evolution of Harttiini within the Guianas was thus shaped by (or oriented toward) adaptations to a definite type of biotope. Indeed, Cteniloricaria and Harttia are members of the rheophilic fauna inhabiting the main stream of rivers, a biotope strongly exposed to the sunlight. These ecological parameters were tightly linked to morphological adaptations such as an increase in size of the caudal peduncle revealing adaptation toward better abilities for swimming (Watson and Balon, 1984), and to an increase in the number of plates providing further protection in these rocky and turbulent biotopes. The increase in size of the eye may imply that these fish are more active by day (higher temperature of the biotope due to higher exposition to the sunlight), thus representing diurnal loricariids, a family of catfishes usually considered as nocturnal. Moreover, Harttia possesses strong tendencies toward having a wider caudal peduncle, making it an even more powerful and more efficient swimmer, as well as having more numerous teeth, thereby increasing its ability to grasp algae that grows over rocks.

These strong ecomorphological trends probably enable it to exploit its immediate environment more effectively than Cteniloricaria. This probably explains the relative scarcity of the latter when both genera are sympatric. This complex relationship nevertheless deserves further research to better characterize the ecomorphological trends shaping these two genera. In contrast, Harttiella evolved adaptations to mountainous forest creeks, a biotope characterised by its cool temperature due to altitude and probably to tree shade, and its greater conductivity due to the small size of the streams (less water compared to the river) and to the abundant dissolved organic matter issued from the decomposition of the constantly falling dead leaves.

These adaptations include dwarfism since all Harttiella represent dwarf species of Harttiini, the largest specimen presently known being the holotype of H. longicauda (52.46 mm SL), as well as changes in shape. These include a tendency for the species to be rather thickset with broader, longer and deeper head characteristics, and a shorter, broader and thicker caudal peduncle. The eye is small in Harttiella, perhaps due to the abundant forest coverage restricting sunlight or to nocturnal habits. An evolutionary trend was also detected in the longitudinal dispersion of Harttiini, Harttiella being rather distributed in the eastern part of the Guianas, and Cteniloricaria in the western part. Even though an evolutionary gradient is revealed, the areas of dispersal overlap between the three genera. However, this distribution may reflect the capture effort which as been more intense in eastern Guianas. Excluding H. fowleri, restricted to the extreme east of the Guianas, and following a gradient from west to east, Cteniloricaria is distributed from the Essequibo to the Sinnamary, Harttia from the Coppename to the Approuague, and Harttiella from the Maroni to the Approuague. Harttiella possesses thus the smallest distribution of all Harttiini within the Guianas, as well as the greatest number of species. This implies very limited distribution for several of its representatives, most of them being distributed in patches, particularly in the Maroni system.

All members of the crassicauda group are restricted to few or even single creeks of a single mountain, making them highly vulnerable. The small size of populations coupled with a potential absence of gene flow within these species (each genetic signal being unique for the time being along the Maroni River for example) may threaten them with extinction in case of severe damage to their immediate environment. This makes them species of conservation interest for the definition of protected areas, and urgent measures should be taken to protect the species, several being directly affected by mining activities. Only some members of the longicauda group seem to have a wider distribution that includes several river systems.

A last result provided by the MCOA may be noted. The fact that principal coordinates computed from the decomposition of the K2P matrix were highly correlated with the MCOA axes, and that these axes were under phylogenetic dependence, implies that the distance matrix contained a significant amount of phylogenetic signal. Moreover the significance of the test of substitution saturation implies that the COI gene is a good candidate for the reconstruction of a phylogeny of Guianese Harttiini. The NJ K2P distance tree obtained herein could therefore be very close to the topology reconstructed using robust phylogenetic methods. If the position of H. fowleri in the NJ tree corresponds to its phylogenetic position, Harttia could represent a paraphyletic assemblage. Since all Harttiella and Cteniloricaria appear to form monophyletic groups in the present topology, the assignment of Guianese representative of Harttia to that genus should be reconsidered. A genetic comparison to the type species, H. loricariformis from the Paraíba do Sul River in Southeast Brazil would clear up this uncertainty.

The multi-table approach, initially devoted for the study of ecological patterns, has already proven to be relevant in the study of synchrony in the temporal variability of aquatic communities (Bady et al., 2004), or to the contribution of molecular markers to the structures of populations (Jombart et al., 2006). In this study, the MCOA also revealed its ability to extract the evolutionary trends shaped through time in a tribe of poorly differentiated catfishes. Still rarely used, this type of approach should be considered more widely in an evolutionary framework to provide stronger prerequisites for a correct estimation of the underlying forces driving the evolution of the groups under study. 
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Abstract

Reconstructing the history of dispersion of species to understand the underlying mechanisms responsible for their current diversity and distribution remains a challenging issue. However, grasping the correct spatio-temporal frame is not always reliable in practice by lack of obvious calibration points for dating phylogenetic trees. Assuming the hypothesis that co-distributed taxa in different regions underwent co-dispersion events, we adapt the RLQ analysis, originally developed in the field of community ecology, for the comparison of phylogenies of co-distributed species. This approach has the advantage of considering the whole phylogenies without transforming them into regional trees, and uses a third table of species co-occurrences based on their spatial distributions. The RLQ analysis provides a graphical output describing the phylogenetic spatial co-structure, allowing the detection of regions of both phylogenies linked through the spatial information. We provide testing procedures aimed to detect the presence of a significant phylogenetic spatial co-structure in the data, and to highlight which part of both phylogenies are significantly linked to this costructure. We have experienced this approach in the phylogeographic comparison of two Keywords: Neotropics, Loricariinae, Hypostominae, molecular phylogeny, biogeography, codistributed species, molecular dating.

Introduction:

With a prediction of around 8,000 extant species (Lévêque et al., 2008), the Neotropical freshwaters house the greatest icthyodiversity in the world. Several hypotheses have been proposed to explain such a tremendous diversity (review in [START_REF] Hubert | Historical biogeography of South American freshwater fishes[END_REF], but despite congruencies in faunal distributions (Hubert et al., 2007), the underlying mechanisms responsible of species' richness and distribution are still oddly largely misunderstood (Montoya-Burgos 2003;Chiachio et al., 2008). In this context, freshwater fishes represent a group of high interest due to biological and physiological adaptations constraining their abilities to dispersion. Contrary to marine or terrestrial organisms, freshwater fishes are only able to disperse within a basin, or between adjacent basins. Major climatic and geological events shaped the modern South-American Rivers through the entire Miocene and Pleistocene (Lundberg et al., 1998), providing opportunities for vicariance and/or dispersion of species through headwaters or estuaries secondary contacts (Torrico et al., 2009). Given that the history of the contemporaneous rivers is tightly linked to these underlying geological events, the chronology of river connections, and accordingly species' dispersion, may be track back in time (e.g. Bermingham and Martin, 1998; Lovejoy and Araujo, 2000; Montoya-Burgos, 2003; Albert et al., 2006; Hubert and Renno, 2006; Hubert et al., 2007; Willis et al., 2007; Chiachio et al., 2008; Torrico et al., 2009; Lovejoy et al., 2010; Willis et al., 2010). Nevertheless, reconstructing the history of species dispersion to explain their contemporaneous distribution may remain a challenge. Due to a lack of well documented geological archives that can be used as calibration dates, such as fossil records or orogenic events, the correct spatio-temporal framework stay often difficult, if not impossible, to grasp.

A possible solution to overcome this difficulty may consist in the phylogeographic comparison of codistributed species. The comparative phylogeography represents indeed an efficient method for elucidating shared vicariant events [START_REF] Edwards | Perspective: gene divergence, population divergence, and the variance in coalescence time in phylogeographic studies[END_REF]. A common practice consists thereby to reconstruct phylogenies across common geographic areas, and to evaluate their topological and temporal congruencies. In this case, one can expect that if codistributed species exhibit a similar pattern in the branching order of their respective phylogenetic tree (i.e. reciprocal monophyly), it may be due to the fact that these species dispersed following the same processes at the same period (when the rivers connected). In other words, sister clades in different groups are expected to occupy similar geographic areas. If a dating is provided for the cladogenesis of a group, it can be accordingly apply to the other. However exploring phylogeographical patterns to assess congruence between phylogenetic trees, and its significance (that the observed structures were not due to chance) is not always reliable in practice. Some of the major limitations in comparative phylogeography are directly dependant of the tree sources themselves. Different studies may have been conducted based on different markers, using different tree reconstruction methods assuming different assumptions, on different sample sizes, with only partial overlap of the geographic areas, making direct comparisons hazardous. Several methods have been used or proposed to assess congruencies between phylogeographic trees (e.g. [START_REF] Brooks | Historical ecology: a new approach to studying the evolution of ecological associations[END_REF][START_REF] Page | Maps between trees and cladistic analysis of historical associations among genes, areas and organisms[END_REF][START_REF] Taberlet | Comparative phylogeography and postglacial colonization routes in Europe[END_REF][START_REF] Edwards | Perspective: gene divergence, population divergence, and the variance in coalescence time in phylogeographic studies[END_REF][START_REF] Sullivan | Comparative phylogeography of Mesoamerican highland rodents: concerted versus independent response to past climatic fluctuations[END_REF][START_REF] Lapointe | Congruence, consensus, and the comparative phylogeography of codistributed species in California[END_REF][START_REF] Ganapathy | Pattern identification in biogeography[END_REF], but until recently, comparisons have been essentially made visually. [START_REF] Lapointe | Congruence, consensus, and the comparative phylogeography of codistributed species in California[END_REF] proposed the use of the Maximum Agreement Subtrees (MAST) algorithm [START_REF] Kubicka | An algorithm to find agreement subtrees[END_REF] in a permutation procedure to assess the significance of the MAST measure (congruence) between "county" trees. The maximum agreement subtree between two rooted trees is obtained by pruning the fewest number of leaves from each tree so that both trees become identical. Prior to compute the MAST score, the data are often recoded into common regional units. This step represents the Achilles' heel of this approach. Indeed, if the MAST algorithm allows the comparison of trees bearing different numbers of leaves [START_REF] Dong | Calculation, visualization, and manipulation of MASTs (Maximun Agreement Subtrees)[END_REF][START_REF] Lapointe | Congruence, consensus, and the comparative phylogeography of codistributed species in California[END_REF], the compatibility between trees is given by the leaves' labels. Since one taxon may be widespread and distributed in several areas, or to the contrary several taxa may be restricted to a single area, the recoding of phylogenies into area cladograms may force to make strong a priori, leading to a loss of information, or worst skewing the analysis toward the expected result.

We present here an alternative solution to assess the congruence among phylogenetic trees based on the RLQ analysis [START_REF] Dolédec | Matching species traits to environmental variables: a new three-table ordination method[END_REF], and fourth corner associated tests (Legendre et al., 1997; Dray and Legendre, 2008). This approach, initially developed in community ecology, allows the detection of co-variations between two tables using a third table as link. When the two tables represent two phylogenies, and the link table contains the spatial distribution of the species, the RLQ analysis provides a graphical representation of the spatial co-structure of the two trees. The congruent parts of both phylogenetic trees under spatial constraint can thus be easily detected. Moreover, a priori testing provides a first general estimation of the significance of the observed spatial co-structure, and a posteriori tests are able to detect which parts of both phylogenies are congruent with the spatial information. A second advantage of this method is its ability to use the trees without modification, and to establish the link between both trees in a third table. Multiple links for widespread taxa or redundant taxa can therefore be easily used.

We have implemented the RLQ approach to identify common patterns of distribution between two groups of Loricariidae, the Harttiini and the Hypostomus, to infer co-dispersion events. The spatio-temporal framework of dispersion of Hypostomus has been characterized

in Montoya-Burgos (2003), but no data are presently available to characterize and date the dispersion of Harttiini. To allow the comparison, this study has therefore started by the reconstruction of a molecular phylogeny of Harttiini based on mitochondrial and nuclear genes. The Harttiini is a tribe of Loricariinae among the large Neotropical catfish family Loricariidae. In Central and South America, the Siluriformes represents the most diverse order with around 1,647 described species [START_REF] Reis | Check list of the freshwater fishes of South and Central America, Edipucrs Porto Alegre[END_REF] among which Loricariidae represents the most speciose family comprising 716 valid species and around 300 recognized as undescribed [START_REF] Reis | Check list of the freshwater fishes of South and Central America, Edipucrs Porto Alegre[END_REF]Ferraris, 2007). Loricariids are characterized by a depressed body covered by bony plates, a unique pair of maxillary barbels, and above all, by an important modification of the mouth structure into a sucker disk. They have undergone an evolutionary radiation on a subcontinental scale that was compared to that of the Cichlidae of the Great Lakes of the Rift Valley in Africa (Schaefer and Stewart, 1993). Among Loricariidae, members of the subfamily Loricariinae are characterized by a long and depressed caudal peduncle and by the absence of an adipose fin. Phylogenetic reconstructions based both on morphological (Schaefer, 1987;Armbruster, 2004) and molecular data (Montoya-Burgos et al., 1998) Harttiella. Mol and Ouboter (2004) mentioned that H. crassicauda was at risk of extinction or possibly already extinct because of mining activities in Nassau Mountains. Fortunately, the species has been recently collected for the second time, 56 years after its original collection.

However, H. crassicauda remains an endangered species due to potential degradation of its habitat by both small and large scale mining, and its restricted distribution in a single creek (Mol et al., 2007). Harttiella crassicauda has received considerable interest after Boeseman (1971) hypothesized a basal position for the species within Loricariinae. The recovery of H. crassicauda had, by a better grasp of its morphology and ecology, as immediate consequences the discovery of several new species of Harttiella in French Guiana (Covain et al., in press).

In 

Material and methods

Taxonomic sampling.

The molecular phylogeny was reconstructed on the taxonomical sampling given in Covain et al. (2008) 

DNA extraction, amplification and sequencing.

Tissue samples were preserved in 80% ethanol and stored at -20°C. Total genomic DNA was extracted with the DNeasy Tissue Kit (Qiagen) following the instructions of the manufacturer. The PCR amplifications of mitochondrial 12S and 16S, and the nuclear Fish Reticulon-4 (F-RTN4) genes were carried out using the Taq PCR Core Kit (Qiagen). The methodology for PCR amplifications followed Covain et al. (2008) Steps 2 to 4 were repeated 35 to 39 times according to the quality and concentration of DNA. Sequencing reactions were performed with the Big Dye Terminator Cycle Sequencing Ready Reaction 3.1 Kit (Applied Biosystems) following instructions of the manufacturer, and were loaded on an automatic sequencer 3100-Avant Genetic Analyzer (Applied Biosystems, Perkin-Elmer).

Sequence alignment, phylogenetic reconstructions, and topological tests.

The DNA sequences were edited and assembled using BioEdit 7.0.1 (Hall, 1999), and aligned manually (for an explanation see Rodriguez et al., in press). Since mitochondrial DNA is presumably transmitted through maternal lineage as a single not recombining genetic unit (Meyer, 1993), a first partition corresponding to the mitochondrial genes was created. In addition, the mutational patterns in intronic and exonic regions of F-RTN4 being rather characterized by insertions/deletions in introns, and transitions/transversions in exons, two other partitions were created. Combinability between mitochondrial and nuclear markers was secondarily assessed using the Incongruence Length Difference (ILD) test (Farris et al., 1994) as implemented in PAUP* 4.0b10 [START_REF] Swofford | PAUP*. Phylogenetic Analysis Using Parcimony (*and Other Methods)[END_REF], and the Congruence Among Distance Matrices (CADM) test (Legendre and Lapointe, 2004) as implemented in ape 2.5 (Paradis et al., 2004;Paradis, 2006) in R 2.10.1 (R Development Core Team, 2009). The ILD test was conducted using a heuristic search with 1,000 replicates, TBR branch swapping, and random addition of taxa with 10 replicates. The CADM test is a generalization to several distance matrices of the Mantel test (Mantel, 1967). This test against incongruence of all distance matrices relies on the Kendall's coefficient of concordance W (Kendall and Babington Smith, 1939) among the unfolded and ranked distance matrices, and uses a Friedman's 2 statistic (Friedman, 1937) for its computation. An observed statistics ( 2 ref ) was calculated for the ordered (by rows or columns) matrices and was compared, in the upper tail, to a null hypothesis sampling distribution of randomized statistics ( 2* ) obtained by permuting at random all matrices, independently of one another. In case of rejection of the null hypothesis, an a posteriori testing procedure is available to determine witch matrices are congruent. This procedure relies on the mean of the Mantel correlations of the ranked transformed distances (Spearman's correlation r S ) between the tested matrix and all other matrices. In this case, a single matrix is permuted at a time, and repeated for all matrices in turn. It tests the null hypothesis of incongruence of the matrix subjected to the test with respect to the other matrices. A Holm (1979) correction for multiple testing is applied for all a posteriori tests. In addition, pairwise Mantel correlations of the ranked distances between matrices can also be computed. Pairwise maximum likelihood (ML) (Felsenstein, 1981) distances were computed with Treefinder (Jobb et al., 2004) version of October 2008 for each partition using a likelihood model under which the pairwise distances are optimized. Appropriate substitution models corresponding to each potential partition were accordingly estimated with the corrected Akaike Information Criterion [START_REF] Sugiura | Further analysis of the data by Akaike's information criterion and the finite corrections[END_REF] as implemented in Treefinder. The CADM test was computed using 9,999 permutations of the three ML distances matrices. Two phylogenetic reconstruction methods allowing the analysis of partitioned data were used.

First, a ML reconstruction was performed with Treefinder. Robustness of the results was estimated by resampling the data set with the nonparametric bootstrap (Efron, 1979) following Felsenstein's (1985) methodology with 1,000 pseudoreplicates. Second, a Bayesian inference analysis was conducted in MrBayes 3.1.2 (Huelsenbeck and Ronquist, 2001;Ronquist and Huelsenbeck, 2003). Two runs of four chains (one cold, three heated) were conducted simultaneously for 2x10 7 generations, with the tree space sampled each 100 th generation. Convergence between chains occurred after 3.5x10 5 generations (average standard deviation of split frequencies <0.01). After a visual representation of the evolution of the likelihood scores, and checking for the stationarity of all model parameters using Tracer 1.5 (Rambaut and Drummond, 2007) (i.e.: potential scale reduction factor (PSRF), uncorrected roughly approached 1 as runs converged (Gelman and Rubin, 1992), and Effective Sample size (ESS) of all parameters superior to 200), the 5x10 5 first generations were discarded as burn-in. The remaining trees were used to compute the consensus tree.

Alternative topologies were tested under the null hypothesis that all phylogenetic hypotheses (trees) were not different from the best ML reconstruction using the Shimodaira-Hasegawa (SH) test (Shimodaira and Hasegawa, 1999), and the approximately unbiased (AU) test [START_REF] Shimodaira | An approximately unbiased test of phylogenetic tree selection[END_REF] as implemented in Treefinder using 200,000 RELL replicates (Kishino et al., 1990).

Comparative phylogeography of Harttiini and Hypostomus.

The area of dispersion of Harttiini and Hypostomus being largely over-lapping, and the Loricariinae forming the sister subfamily of Hypostominae, we can reasonably expect that both groups dispersed following a common process that can be assessed by a close exploration of tree topologies (i.e. if sister clades of both subfamilies occupy similar geographic areas). For this, we performed a RLQ analysis of both phylogenies constrained by the distribution of the different species. Prior to the analysis, the two phylogenies were restricted to the single Harttiini for the first tree, and to the species of Hypostomus sharing common distributions with Harttiini for the second tree (Appendix S1). These two trees being reconstructed using different markers, models of evolution, and programs, their branch lengths were not directly comparable. All branch lengths were consequently set to one, and a patristic distance matrix was computed for each tree using ape 2.5 in R 2.10.1. To perform the RLQ analysis of these two distances matrices, a binary coding table of co-distributed species (1 if species are co-distributed, 0 otherwise) was firstly created and submitted to a Correspondence Analysis (CA). This analysis looks for scores of rows and columns of maximal correlation, and allows a re-ordination of the table according to the co-occurrences.

Five geographic areas adapted from Montoya-Burgos (2003), Chiachio et al. (2008), and Torrico et al. (2009) were used to construct the co-occurrence table. These five areas correspond to the current co-distribution of Harttiini and Hypostomus, namely: the East coastal rivers of Brazil, the Upper Paraná basin, the São Francisco basin, The Amazon basin, and the coastal rivers of Guianas. Then the distances matrices were rendered Euclidian using Cailliez's (1983) method. Principal Coordinate Analyses (PCoA) (Gower, 1966) were performed on these corrected distance matrices using the CA weights to reveal their structuring. Scores of the species on the principal coordinates were used as descriptors of the phylogenies in the RLQ analysis. The RLQ analysis aims to investigate the relationships between the two tables R (phylogeny of Harttiini) and Q (phylogeny of Hypostomus), using a link table L (species co-occurrences), and to extract the joint structure between them. Here [START_REF] Dolédec | Matching species traits to environmental variables: a new three-table ordination method[END_REF] with adaptations in Dray et al. (2002), and Dray and Legendre (2008). The RLQ analysis consists in an eigenvalue decomposition and provide sets of scores for the two phylogenies of maximal covariance. Thus the RLQ analysis looks for combinations of the principal coordinates of both distance matrices that maximize the spatial covariance (i.e. the phylogenetic spatial co-structure). To assess the significance of the RLQ results, a Monte-Carlo permutation test was computed on the total coinertia of the analysis. Two models of permutation were used. First entire rows of table L were permuted to destroy the link between L and R but preserve L linked to Q, and second, entire columns of L were permuted to destroy the link between L and Q but preserve the link between L and R. 99,999 random permutations were used to allow adjustments for multiple testing, and the results of both models were assembled (see Dray and Legendre 2008 for details). This procedure tests the general spatial relationship between the two tables. Then an a posteriori testing procedure was computed using these same models to test the link between the RLQ axes and the principal coordinates describing the topologies. These permutation tests rely on the fourthcorner statistics (Legendre et al., 1997; Dray and Legendre, 2008) and allow the detection of the trees' structures significantly linked to the compromise highlighted by the RLQ analysis. The RLQ analysis and associated tests were performed using the ade4 1.4-14 package (Dray and Dufour, 2007) in R.

Inferences of spatial and temporal patterns of diversification in Harttiini.

In a second time, we dated our phylogenetic tree using secondary dating events. Since no geological events are presently accurately dated within the geographical range of distribution of Harttiini (eastern part of South-America), we used dates inferred from the previous study conducted on Hypostominae by Montoya-Burgos (2003). The trees of this previous study were dated using the geological splitting event between Hypostomus hondae from the Maracaibo Lake in Venezuela, and H. plecostomoides from the Rio Orinoco estimated around 8 Ma. Due to a constant molecular clock, dating of the nodes was accordingly inferred throughout the Hypostomus phylogenies.

The assumption of constant molecular clock was assessed for the Harttiini subtree using the distances based test of [START_REF] Xia | Information-theoretic indices and an approximate significance test for testing the molecular clock hypothesis with genetic distances[END_REF] under the GTR model using DAMBE 4.5.56 [START_REF] Xia | Data analysis in molecular biology and evolution[END_REF]Xia and Xie, 2001), and for each node of the tree using the mean path lengths method (MPL) of [START_REF] Britton | Phylogenetic dating with confidence intervals using mean path lengths[END_REF] as implemented in ape in R. Prior to the computation of the MPL tests, the tree's branch lengths were converted in mean numbers of substitutions. Since the tests of molecular clock may reject the null hypothesis of global molecular clock and equal rates of substitutions in the subtrees, the chronogram was reconstructed using two methods that account for different rates of substitutions along branches. First: the Penalized Likelihood (PL) method (Sanderson, 2002) that correct for the Non Parametric Rate Smoothing (NPRS) method (Sanderson, 1997) was performed on the Harttiini subtree using ape in R. The methodology proposed by Paradis (2006) was followed for the estimation of the smoothing parameter . This parameter controls for a trade-off between a parametric formulation where each branch has its own rate, and a nonparametric term where changes in rates are minimized between contiguous branches. If is small then the parametric component dominates and rates vary as much as possible among branches (local rates), whereas for increasing values of , the variations in rates are smoother to tend to be uniform (clock-like model). The ideal value of was estimated by cross validation for increasing values ranging from 0.1 to 10 12 . Second: we used a Bayesian tree calibration method allowing relaxed molecular clock models. Node ages and substitution rates were estimated using an uncorrelated lognormal relaxed clock in BEAST 1.5.4 (Drummond et al., 2006;Drummond and Rambaut, 2007). The GTR + G model was applied on the three partitions using a Yule tree prior and the Harttiini subtree as fixed topology. Twenty million generations were used with parameters sampling each 1,000 th generation for the Markov Chain Monte Carlo (MCMC) exploration of parameters' space. A normal distribution was applied for the tmrca prior. Other parameters were set to default. The convergence of the chain was assessed by inspection of the trace plots and ESS using Tracer 1.5. Since all parameters converged (ESS > 200), the default 10% parameters and trees were discarded as burn-in, and summarized using TreeAnnotator 1.5.4. The chronogram was edited using FigTree 1.3.1. In addition, to confirm results of both calibration methods, we used the Local Rate Minimum Deformation (LRMD) method (Jobb et al., 2004) that tries to keep the real rates as similar as possible to ideal local rates. It reflects the assumption that rates are similar between neighbouring edges (autocorrelated model). To compute confidence limits of rates and divergence times, we performed a bootstrap analysis of the best ML tree as fixed topology, using 1,000 pseudoreplicates.

To reconstruct the ancestral range of Harttiini, we performed a dispersal-vicariance analysis [START_REF] Ronquist | Dispersal-vicariance analysis: a new approach to the quantification of historical biogeography[END_REF] that accounts for phylogenetic uncertainties in ancestral reconstructions using S-DIVA [START_REF] Yu | S-DIVA (Statistical Dispersal-Vicariance Analysis): a tool for inferring biogeographic histories[END_REF]. S-DIVA relies on DIVA 1.2 [START_REF] Ronquist | DIVA version 1.2. Computer program for MacOS and Win32[END_REF], but uses a sample of trees (e.g. collection of Bayesian trees) rather than a single fully resolved tree to reconstruct ancestral areas following the Bayes-DIVA method [START_REF] Nylander | Accounting for phylogenetic uncertainty in biogeography: a Bayesian approach to Dispersal vicariance Analysis of the thrushes (Aves: Turdus)[END_REF], and estimates confidence in reconstructions following [START_REF] Harris | Estimating ancestral distributions of lineages with uncertain sister groups: a statistical approach to Dispersal-Vicariance Analysis and a case using Aesculus L (Sapindaceae) including fossils[END_REF].

DIVA estimates the possible ancestral distribution of species by parsimony optimization of the number of dispersal and local extinction events to explain the current distribution of species using a three dimensional cost matrix. The program does not necessitate any assumption about the ancestral distribution of species, implying that ancestral species can be distributed in several areas at a time. DIVA assumes no cost to vicariance events relative to dispersal and extinction that are assigned a cost of one. We used the five geographic areas previously defined to describe the current distribution of Harttiini and the trees file obtained from BEAST 1.5.4.

Results

Phylogenetic analyses

We sequenced the almost complete 12S and 16S mitochondrial genes, and the partial The sequences were consequently concatenated, and three partitions corresponding to mitochondrial genes, exonic parts of F-RTN4, and intronic parts of F-RTN4 were used to reconstruct the tree. The models GTR + G (Tavaré, 1986) for mitochondrial genes and intronic regions of F-RTN4, and TN + I + G [START_REF] Tamura | Estimation of the number of nucleotide substitutions in the control region of mitochondrial DNA in humans and chimpanzees[END_REF] for exonic regions of F-RTN4 fitted our data the best as indicated by Treefinder. The GTR + G model was used for each of the three partitions for the Bayesian inference, with each partition assigned its own among-sites heterogeneity rate.

Bayesian and ML phylogenetic reconstructions lead to equivalent tree topologies, both comparable to the one obtained by Covain et al. (2008), and Rodriguez et al. (in press). The best ML tree (-lnL = 39708.37) (Fig. 1) split the Loricariinae into two lineages: the Harttiini The only strongly supported relationships in both analyses being the sister relationship between the Amazonian clade, and the Southeastern clade, alternative hypotheses were evaluated for deeper relationships involving the three Guianese lineages (Table 2). All tested topologies lead to equivalent alternatives hypotheses since none of the tests succeeded in rejecting the null hypothesis. Consequently, the best ML tree was considered as the best estimates of the true phylogeny (greater likelihood), and used as reference tree in subsequent analyses. In order to highlight the spatial co-structure of both phylogenies, the PCoA scores describing the topologies were submitted to the RLQ analysis. Prior to the analysis, the link table L was submitted to a CA to provide a new ordination of the table according to the cooccurrence of species within the five communities corresponding to the five geographic areas. Amazon from representatives of the Guiana Shield. Axis 2 defined the regional distributions of both lineages and ordered the species according to their current distribution within the five areas. The projections of Harttiini and Hypostomus data coordinates onto RLQ axes are given in Fig. 2. Comparison of both sets of coordinates, (Fig. 2, a1 and b1) allowed highlighting the most congruent regions between both phylogenies. These mainly concerned the grouping of species from the São Francisco system in negative values of axis 1 and positive values on axis 2 for both lineages, as well as the grouping of species from the Amazon in the negative values of axes 1 and 2. The grouping of species from the Guiana Shield was also consistent for both representations with all species grouping in positive values on axes 1 and 2, but with a poorer splitting in Hypostomus corresponding to a mix of Guianese, Amazonian, and Southeastern species. The variables involved the most in the RLQ compromise (Fig. 2, a3 and b3) corresponded to the principal coordinates (PCO) 1 (scores of -0.70 on axis 1 and -0.67 on axis 2) and 2 (scores of -0.66 on axis 1 and 0.73 on axis 2) for Harttiini, and PCO1 (scores of 0.91 on axis 1 and 0.07 on axis 2), and 2 (scores of -0.007 on axis 1 and 0.80 on axis 2) for Hypostomus. Concerning individuals' scores on PCO1 (Fig. 3a), the highest corresponded to a splitting between Amazonian (positive values), and Guianese (negative values) lineages in Harttiini, and to a splitting between the clade D2 (positive values) comprising representatives of Amazonian, Guianese, and Southeastern lineages, and the clades D3 and D4 (negative 1), axes 1 and 2; . b: phylogenetic tree of Hypostomus (Q) in relation to the scores of combinations of its principal coordinates in the RLQ analysis (species and clades labeled as in Appendix S1), axes 1 and 2. Size of circles proportional to scores, positive scores in white and negative scores in black. Letters refer to the biogeographic regions as provided in figure 6.

values) comprising Southeastern and Amazonian representatives in Hypostomus (Fig. 3b). Francisco basins (positive) of clade D3 on axis 2 (Fig. 4b). The a posteriori fourth corner testing procedure based on the PCOs and RLQ axes identified a strong and significant link between PCO2 of both phylogenies, and the second axis of the RLQ (Fig. 5). The phylogenetic spatial co-structure highlighted corresponded therefore to the common splitting event between the Amazon and the Southeastern drainages (East coastal rivers of Brazil, Upper Paraná basin, and São Francisco basin). 

PCO2 split Southeastern representatives (including

Discussion

In this work we were interested in exploring the phylogeography of the Harttiini, a tribe among the highly specialized Neotropical catfish subfamily Loricariinae, and in deciphering their history of dispersion at the subcontinental scale. Unfortunately a direct dating of the dispersion events was not made possible since no external geological events open to explain the current distribution of species was accurately recorded within the range of distribution of the different species. To circumvent this trouble, we used a new approach to detect co-structures in phylogenies under the spatial constraint of co-distribution of species.

Initially devoted to the ecological study of the joint structure between three tables, such as species traits and environmental variables through the constraint of environment's species composition, the RLQ analysis [START_REF] Dolédec | Matching species traits to environmental variables: a new three-table ordination method[END_REF] has proven to be an efficient and relevant tool as exploratory and ordination method. The strength of the RLQ relies on the link table L providing the hypothesis constraining the analysis. The co-structures revealed are thus directly interpretable in the light of the emitted hypothesis, all other apparently visible costructure being potentially related to unrevealed factors. Moreover, philosophically tightly related, the fourthcorner testing procedure introduced by Legendre et al. (1997) has also been efficiently adapted to the study of coevolution between hosts and their parasites (Legendre et al., 2002). The ParaFit method (Legendre et al. 2002) tests the significance of a global hypothesis of coevolution between parasites and their host using the phylogenetic trees of both parasites and hosts beforehand described by their respective PCOs, and an host-parasite binary coding association matrix as link. The method also allows to test the significance of individual host-parasite association link. Recently, Dray and Legendre (2008) adapted the fourthcorner method to allow the combination of different models in the global testing procedures. Dray (in prep.) developed the possibility to test the individual link between each variables of R and Q (here the PCOs of each phylogeny) and the axes of the RLQ analysis (the compromise established between the phylogenies and the co-distribution of species).

Theoretically well adapted to our problematic the use of the RLQ analysis has also the advantage over existing methods to treat the full phylogenies at once (beforehand converted into distances matrices), and to use a third table as spatial link table. This allows the use of a wide range of tree sources (cladograms, phylograms, phenograms, supertrees, consensus trees…) and does not necessitate any modification such as converting phylogenies into area cladograms. The RLQ analysis offers a graphical output which allows a detailed analysis of the contribution of each phylogeny to the overall trend, within the frame of the spatial distribution of the species. Co-structures between both data sets are highlighted on the factorial map of individuals (Fig. 2, a1 and b1) by the relative position of both systems of coordinates (phylogenies of Harttiini and Hypostomus) onto RLQ axes. In our case, a consistent spatial co-structure pattern is clearly highlighted by the RLQ along the second axis of both systems of coordinates. The factorial maps of variables (Fig. 2, a3 and b3) reveal the contribution of each variable (here the principal coordinates) to the phylogenetic spatial costructure, and identify the groups defined by these variables. The fact to use PCOs as descriptors of the phylogenies could not be without consequences, poorly balanced topologies resulting in poor descriptors for example. Moreover, first PCOs often characterize deepest nodes implying more distant relationships. These nodes display more variations onto axes, and consequently possess a greater weight in the analysis. Nevertheless, in the situation illustrated here, even though the first PCOs displayed the greater variance, the RLQ analysis perfectly identified the second PCOs to be significantly linked to the spatial co-structure as shown by the greater correlation recorded between both PCO2 and the second axis of the RLQ (Table 3). A second advantage to use PCOs is that they allow treating with poorly resolved or poorly supported phylogenies by breaking of the tree representation. The graph of eigenvalues (Fig. 2c) identifies the axes explaining the major part of the congruent information between data sets under spatial constraint. Thus, the RLQ provides an ordination of the species according to their phylogenetic position in both trees, constrained by their current co-distribution. A last major advantage of the RLQ analysis is that the significance of the observed structure can be subjected to fourthcorner a priori tests evaluating the strength of the revealed global phylogenetic spatial co-structure, and a posteriori tests allowing detecting which parts of both phylogenies are significantly linked to the highlighted structures.

In order to study the phylogeography of Harttiini catfishes, we first inferred the phylogeny of the subfamily using 12S and 16S mitochondrial genes, as well as the F-RTN4 nuclear gene. The results show that Harttiini form a monophyletic group comprising all Harttia, Cteniloricaria, and Harttiella representatives, and forms the sister tribe of the Loricariini. This corroborates the findings of Montoya-Burgos et al. (1998) and Covain et al. (2008) who recovered this topology with a more restricted Loricariinae sampling.

The phylogenetic reconstruction confirms the validity of Cteniloricaria and Harttiella as revised by Covain et al. (in press), both genera being monophyletic. Cteniloricaria contained initially three valid species (Isbrücker, 1979) 5.3 to -4.6 Ma. This estimation appears slightly inferior, but the confidence interval computed by the Bayesian reconstruction for this node includes the Hypostomus dating. This result can thus reasonably be regarded as a confirmation of the co-dispersion hypothesis. Montoya-Burgos (2003) hypothesized the boundary displacement between the Upper Paraná-São Francisco basins during the Tertiary (-65 to -1.8 Ma.; [START_REF] Beurlen | Geologie von Brasilien[END_REF] to explain the colonization of the Rio São Miocene has been put forward to explain this distribution. Montoya-Burgos (2003) moderated however this difference between both dating by possible more recent headwater captures. The multiple exchanges between the Rio São Francisco, Upper Paraná, and coastal rivers of South East Brazil revealed in the present study corroborate this hypothesis and imply a highly complex pattern of multiple headwaters captures between these regions during the past 8 million years. The frequency of shared species between these three areas was estimated around 14% [START_REF] Ribeiro | Tectonic history and the biogeography of the freshwater fishes from the coastal drainages of eastern Brazil: an example of faunal evolution associated with a divergent continental margin[END_REF]. The fact that diversification in these regions was not followed by cladogenetic events suggests relatively recent dispersions. These regions are indeed prone to tectonic activity and deformations favoring stream captures resulting of direct tectonic stress or differential erosion [START_REF] Ribeiro | Tectonic history and the biogeography of the freshwater fishes from the coastal drainages of eastern Brazil: an example of faunal evolution associated with a divergent continental margin[END_REF]. The youngest tectonic activity concerning headwaters of Ribeira de Iguape, Iguaçu and Paranapanema rivers on one hand, and upper Rio Tietê on the other hand, both sharing a mixed fish fauna, was estimated to less than 1.6 Ma. [START_REF] Ribeiro | Tectonic history and the biogeography of the freshwater fishes from the coastal drainages of eastern Brazil: an example of faunal evolution associated with a divergent continental margin[END_REF]. To the contrary, a potential false co-dispersion of species concerns a sub-group nested within the clade D2 of Hypostomus (sensu Montoya-Burgos, 2003) The origin of clade D2 has been estimated around -11.4 to -10.5 Ma. (Montoya-Burgos, 2003). This estimation meets the date at base of clade D3 of Hypostomus used as calibration date for the phylogeny of Harttiini, and the origin of clade D4 of Hypostomus estimated around -11.8 Ma. Excluding the node used to calibrate the phylogeny of Harttiini, the origin of the Guianese Harttia, Cteniloricaria, and Harttiella lineages are estimated around Harttiella. These estimations perfectly meet those provided for Hypostomus, suggesting a common temporal context of diversification even though only one spatial co-structure is revealed. The sudden diversification of Harttiini and Hypostomus reveals an explosive radiation pattern at base of both lineages, each clade appearing at the same period. These concomitant cladogenetic events suggest a global common factor explaining the origin of the different lineages. The sea level fluctuations are often put forward to explain habitat fragmentations or river mouth connections. A major marine regression favoring river mouth connections is indeed reported at the beginning of the Tortonian period of Upper Miocene around -11 and -10 Ma. [START_REF] Haq | Chronology of fluctuating sea levels since the Triassic (250 million year ago to present)[END_REF] that may explain the origin of the different clades of Harttiini and Hypostomus. However, species diversification within each clade occurred quite early in both phylogenies, more or less around -5.5 Ma., suggesting, despite local effects, a second global common factor responsible for fish diversification. An important marine transgression favoring habitat fragmentations is also reported for the Zanclan period of Lower Pliocene around -5 Ma. [START_REF] Haq | Chronology of fluctuating sea levels since the Triassic (250 million year ago to present)[END_REF] that may explain such species diversification. Corroborating these results, a recent study conducted on Serrasalmidae by Hubert et al. (2007) 

Introduction

The phylogenetic dependence of biological traits due to their heritability from common ancestors (Harvey and Pagel, 1991) is nowadays a concept widely accepted in comparative biology. The evolution of traits (e.g. morphology, ecology, behavior) may be indeed plastic and stochastic or, to the contrary tightly linked to the evolutionary history of a group implying non independence among observations. This idea of non independence of traits had numerous implications in different field of evolutionary biology [e.g. univariate ancestral state reconstruction (Schluter et al., 1997; Pagel, 1999a; Huelsenbeck et al., 2003; Pagel et al., 2004); multivariate ancestral shape reconstruction [START_REF] Wiley | Evolutionary morphing[END_REF]; molecular dating assuming autocorrelation of rates [START_REF] Gillespie | Rates of molecular evolution[END_REF]Sanderson, 1997Sanderson, , 2002;;[START_REF] Thorne | Divergence time and evolutionary rate estimation with multilocus data[END_REF]; or reconstruction of missing data [START_REF] Bruggeman | PhyloPars: estimation of missing parameter values using phylogeny[END_REF]]. The study of the evolution of traits along a phylogeny requires thus the prerequisite of testing for phylogenetic dependence. Several methods have been developed to detect or correct for phylogenetic dependence in comparative data (e.g. Felsenstein, 1985a;Cheverud et al., 1985;Gittleman and Kot, 1990;Harvey and Pagel, 1991;Lynch, 1991;Diniz-Filho et al., 1998;Pagel, 1999b;Abouheif, 1999;[START_REF] Paradis | Analysis of comparative data using generalized estimating equations[END_REF]Blomberg et al., 2003;Ollier et al., 2006;[START_REF] Felsenstein | Comparative methods with sampling error and within-species variation: Contrasts revisited and revised[END_REF]Pavoine et al., 2008; for reviews see Rholf, 2001;Blomberg et al. 2003;Freckleton, 2009). A popular method was introduced by Abouheif (1999) who modified two previously existing tests to detect phylogenetic autocorrelation for quantitative and qualitative data respectively: the Test For Serial Independence (TFSI) (von Neumann et al., 1941), and the RUNS test (Sokal and Rholf, 1995). Very intuitive, these tests only rely on the topological structure of the tree allowing the use of a wide range of tree sources (e.g. cladograms, phylograms, consensus trees, supertrees). Each character under study must be however individually tested according to its quantitative or qualitative nature. Therefore, this procedure becomes fastidious or even intractable for very large phylogenies, complex topologies, and when the number of traits under study is important. Pavoine et al. (2008) demonstrated that the TFSI test following Abouheif's procedure, designed to detect self similarities among adjacent observations in quantitative traits, was strictly equivalent to a Moran's I (Moran, 1950) test of spatial autocorrelation using a particular proximity matrix. However, the RUNS test, as modified by Abouheif, remains to date the only mean to deal with qualitative data.

Alternatively, Ollier et al. (2006) developed a relevant approach to detect and characterize phylogenetic dependence, and at the same time highlight different patterns of evolution along a phylogenetic tree. However, this method also suffers from the impossibility to deal with qualitative data. Moreover, all methods developed until now are univariate, and only consider one variable at a time against a phylogenetic tree. No method is presently able to test a multivariate table as a whole or to explore patterns of co-evolution among multiple traits. A first attempt to solve this trouble was proposed by Covain et al. (2008) who proposed the use of the co-inertia analysis (CIA) (Dolédec and Chessel, 1994) to extract the joint structure between a phylogeny (previously converted into a distance matrix) and a table of biological traits (quantitative and/or qualitative). In this case, CIA highlights the traits that possess the maximum covariation with the phylogeny as well as phylogenetic associations among traits.

However, the method relies on the representation of a phylogenetic distance matrix (e.g.

pairwise corrected or uncorrected genetic distances, patristic distances optimized or not using an evolutionary model) using principal coordinates (Gower, 1966) that are not always the best descriptors for a phylogeny (e.g. when the tree possesses strong imbalance). In another context, Pavoine et al. (2010) proposed the use of the quadratic entropy index [START_REF] Rao | Diversity and dissimilarity coefficients: a unified approach[END_REF] to measure the trait diversity among species, and decomposed this index along a phylogeny to characterize its phylogenetic pattern among communities. Even though traits may be numerous and of different statistical natures, the computation of this index required the conversion of the table of traits into a distances matrix, providing therefore a global estimation of trait diversity, and rendering comparisons between traits impossible in a multivariate frame.

To fill this gap, we extend the orthogram method developed by Ollier et al. (2006) to deal with categorical variables and also multivariate data including tables mixing qualitative and quantitative data, and provided therefore a new global test of phylogenetic autocorrelation. These new tools give thus a clear prominence to the phylogenetic dependence of a table at different levels (global or local) using the same statistical frame. This unifying structure, making each test directly comparable, subsequently allowed the development of a new multivariate method for the exploration of patterns of co-evolution among traits along a phylogeny. This new approach adapts the multi-scale pattern analysis (MSPA) technique developed for the analysis of spatial data (Jombart et al., 2009) into a phylogenetic context.

The method corrects for the possible artifact introduced by the use of principal coordinates in CIA by using any orthonormal basis representing the phylogeny (Ollier et al., 2006). The MSPA also possesses all advantages of classical multivariate analysis: reliability, robustness, reduction of dimensionality and easiness of interpretation by the use of graphics, or possibility to reveal several structures at a time.

The new tools developed herein were experienced on a real multivariate data set comprising quantitative, qualitative, intra-phenotypic and extra-phenotypic variables to explore the patterns of evolution of traits in a group of highly derived catfishes, the Loricariinae. This work has therefore started by the reconstruction of an exhaustive and robust molecular phylogeny of this group based on mitochondrial and nuclear genes. The Loricariinae represents a highly diversified subfamily among the large Neotropical catfish family Loricariidae, or armored catfish. Loricariids have undergone an evolutionary radiation at a subcontinental scale, from Costa Rica to Argentina, which has been compared to that of the Cichlidae of the Great Lakes of the Rift Valley in Africa (Schaefer and Stewart, 1993).

The species flock Loricariidae represents indeed the most speciose family of the Siluriformes in the world with 716 valid species and an estimated 300 undescribed species distributed in 96 genera [START_REF] Reis | Check list of the freshwater fishes of South and Central America, Edipucrs Porto Alegre[END_REF]Ferraris, 2007). Extremely variable colour patterns and body shapes among loricariid taxa reflect their high degree of ecological specialization, and because of their highly specialized morphology loricariids have been recognized as a monophyletic assemblage in the earliest classifications of the Siluriformes (de Pinna 1998). The Loricariidae are characterized by a depressed body covered by bony plates, a single pair of maxillary barbels, and above all, by the modification of the mouth into a sucker disk. Within the Loricariidae, members of the subfamily Loricariinae are united by a long and depressed caudal peduncle and by the absence of an adipose fin. They live stuck to the substrate and show accordingly marked variations in body shape due to the various habitats colonized, from lotic to lentic systems, on inorganic or organic substrates (e.g. members of Farlowella resemble a thin stick of wood and blend remarkably among submerged wood and leafs;

alternatively members of Pseudohemiodon are large and flattened and bury themselves in sandy substrates). Some groups have numerous teeth, pedunculated, and organized in a comblike manner, while other groups have few teeth or even no teeth on the premaxillae.

These latter are often strongly differentiated, and can be bicuspid straight and thick, spoonshaped, reduced in size or very long. An important diversity in lip's characteristics, which can be strongly papillose, filamentous or smooth, also characterizes this subfamily (Isbrücker, 1979;Covain and Fisch-Muller, 2007). Reproductive strategies are also diverse in Loricariinae. Members of Harttiini and Farlowellina are indeed known to be open brooders (i.e. eggs are laid on an exposed surface and guarded by the male), and Loricariina members display numerous alternative strategies: members of the Pseudohemiodon-Loricaria groups are abdomino-lip brooders (i.e. eggs are laid in a single layered mass, and are maintained to the surface of the lower lip and abdomen of the male); members of the Loricariichthys group are lip brooders (i.e. eggs are laid in a mass and held by the male in the fold made by its enlarged lips); and others such as Rineloricaria representatives are cavity brooders (i.e. eggs are laid attached to one another in single layer masses on the cavity floor, and are brooded by the male) (Covain and Fisch-Muller, 2007). Evers and Siedel (2005) also reported the use of a vegetal support such as a dead leaf by members of Limatulichthys. In this case, the eggs are laid in a mass and attached to the surface of the support. The eggs and support are then held by the male in the fold made by its lips. Sexual dimorphism displays accordingly substantial variations related to breeding strategies. If most of the time in species that lay eggs on surfaces, sexual dimorphism is expressed through the hypertrophy of odontodes along the sides of head, on pectoral spines (and sometimes fins), or on the predorsal area (or even on the entire body) of males, in lip and abdomino-lip brooder species the sexual dimorphism is often expressed through differences in lip surface (smoother in males), tooth shape (tooth cusps rounded in males), or lip enlargement. There are currently 230 valid species of Loricariinae, distributed in 32 genera (for a review see Covain and Fisch-Muller, 2007; also Ghazzi, 2008; Ingenito et al., 2008; Fichberg and Chamon, 2008; Rapp Py-Daniel and Fichberg, 2008; Rodriguez and Miquelarena, 2008; Rodriguez and Reis 2008; Rodriguez et al., 2008; Thomas and Rapp Py-Daniel, 2008; de Carvalho Paixão and Toledo-Piza, 2009; Thomas and Sabaj Pérez, 2010; Rodriguez et al., in press; Covain et al., in press).

The evolutionary history of Loricariinae has been only recently explored by Covain et al. (2008), who proposed the first molecular phylogeny of the subfamily and assessed the phylogenetic dependence of the morphological traits classically used as diagnostic features.

Although their analysis included only 20 representatives of the Loricariinae, they redefined its systematics with the restriction of the tribe Harttiini to Harttia, and the placement of all remaining genera of the study within the tribe Loricariini. Within the latter, they redefined the subtribes Loricariina and Farlowellina, and confirmed the natural groupings of members of the Loricariichthys and Loricaria-pseudohemiodon groups within Loricariina, but rejected the monophyly of the Rineloricaria group (sensu Covain and Fisch-Muller, 2007). Covain et al. (2008) furthermore demonstrated that the characteristics of the mouth (including tooth) and of the caudal fin were strongly positively autocorrelated with the phylogeny and that they were sufficient to define naturally tribal and subtribal ranks, as well as several of the morphological groups proposed in Covain and Fisch-Muller (2007). Moreover, a recent study conducted on the tribe Harttiini within the Guianas, revealed phylogenetic autocorrelation in morphometric, ecological, and distributional data suggesting that the evolution of shape was linked to adaptations to a particular type of habitats and potentially to dispersion abilities (Covain et al., in press). The data set proposed by Covain and Fisch-Muller (2007) was extended to ecomorphological, ecological and ethological data to evaluate the new tests developed here.

Then the co-evolutionary patterns among multivariate traits were explored using the MSPA to decipher the main evolutionary trends in Loricariinae. A dating of these main innovations was proposed to evaluate if major paleogeological events that shaped South-America through the Miocene and Pleistocene could explain the appearance and diversification of such traits or behaviour, especially the large diversity of reproductive strategies, unique among Loricariidae.

Material and methods

Taxonomic sampling.

The molecular phylogeny was reconstructed using the taxonomical sampling given in Covain et al. (2008) with the addition of 330 species of the Loricariinae and 18 outgroup species. The outgroup was chosen in other subfamilies of the Loricariidae. The list of material used for this study is provided in Table 1. 

DNA extraction, amplification and sequencing.

Tissue samples were preserved in 80% ethanol and stored at -20°C. Total genomic DNA was extracted with the DNeasy Tissue Kit (Qiagen) following the instructions of the manufacturer. The PCR amplifications of mitochondrial 12S and 16S, and the nuclear Fish Reticulon-4 (F-RTN4) genes were carried out using the Taq PCR Core Kit (Qiagen). The methodology for PCR amplifications followed Chiachio et al. (2008) for F-RTN4. To amplify the almost complete 12S, tRNA val and 16S mitochondrial genes in a single 2,500 bp long fragment, a Nested PCR protocol was used. The external round of PCR was performed using the pair of primers Phe-L941: 5'-AAA TCA AAG CAT AAC ACT GAA GAT G 3', and H3059 (Alves-Gomes et al., 1995). The external amplifications were performed in a total volume of 50 l, containing 5 l of 10x reaction buffer, 1 l of dNTP mix at 10mM each, 1 l of each primer at 10 M, 0.2 l of Taq DNA Polymerase equivalent to 1 unit of Polymerase per tube, and 1 to 4 l of DNA. Cycles of amplification were programmed with the following times according to the quality and concentration of DNA. The internal round of PCR was performed using 1 l of DNA template sampled from external round PCR product, the pair of primers: An12S-1D: 5'-GTA TGA CAC TGA AGA TGT TAA G -3' and iH3059: 5'-GAA CTC AGA TCA CGT AGG -3', and the same protocol as above except for the annealing temperature that was set to 54°C. PCR products were sent to Macrogen Inc. (Seoul, Korea)

for sequencing. For the complete sequencing of the 2,500 bp long mitochondrial fragment, two internal primers were used: Lor1D-1D: 5'-AGG AGC CTG TTC TAG AAC CG-3' and Lor12S-3D (Covain et al. 2008).

Sequence alignment and phylogenetic reconstruction.

The DNA sequences were edited and assembled using BioEdit 7.0.1 (Hall, 1999), and aligned manually (for an explanation see Rodriguez et al., in press). Regions with ambiguous alignments in loops regions of mitochondrial genes were excluded from the analyses. Gaps were considered as missing data, and regions impossible to amplify or to sequence were coded as ambiguities (N). Since mitochondrial DNA is presumably transmitted through maternal lineage as a single not recombining genetic unit (Meyer, 1993), a first partition corresponding to the mitochondrial genes was created. In addition, the mutational patterns in intronic and exonic regions of F-RTN4 being rather characterized by insertions/deletions in introns, and transitions/transversions in exons, two other partitions were created.

Combinability between mitochondrial and nuclear markers was secondarily assessed using the Congruence Among Distance Matrices (CADM) test (Legendre and Lapointe, 2004) as implemented in ape 2.6.2 (Paradis et al., 2004;Paradis, 2006) in R 2.12.1 (R Development Core Team, 2009). The CADM test is a generalization to several distance matrices of the Mantel test (Mantel, 1967). This test against incongruence of all distance matrices relies on the Kendall's coefficient of concordance W (Kendall and Babington Smith, 1939) among the unfolded and rank-transformed distance matrices, and uses a Friedman's 2 statistic (Friedman, 1937) for its computation. An observed statistics ( 2 ref ) was calculated for the ordered (by rows or columns) matrices and was compared, in the upper tail, to a null hypothesis sampling distribution of randomized statistics ( 2* ) obtained by permuting at random all matrices, independently of one another. In case of rejection of the null hypothesis, an a posteriori testing procedure is available to determine witch matrices are congruent. This procedure relies on the mean of the Mantel correlations of the rank-transformed distances (Spearman's correlation r S ) between the tested matrix and all other matrices. In this case, a single matrix is permuted at a time, and repeated for all matrices in turn. It tests the null hypothesis of incongruence of the matrix subjected to the test with respect to the other matrices. A Holm (1979) correction for multiple testing is applied for all a posteriori tests. In addition, pairwise Mantel correlations of the rank-transformed distances between matrices can also be computed. Pairwise maximum likelihood (ML) (Felsenstein, 1981) distances were computed with Treefinder (Jobb et al., 2004) version of October 2008 for each partition using a likelihood model under which the pairwise distances are optimized. Appropriate substitution models corresponding to each potential partition were accordingly estimated with the Akaike Information Criterion [START_REF] Akaike | A new look at the statistical model identification[END_REF] as implemented in Treefinder. The CADM test was computed using 9,999 permutations of the three ML distances matrices. Two phylogenetic reconstruction methods allowing the analysis of partitioned data were used. First, a ML reconstruction was performed with Treefinder, and robustness of the results was estimated by resampling the data set with the nonparametric bootstrap (Efron, 1979) following Felsenstein's (1985b) methodology with 2,000 pseudoreplicates. Second, a Bayesian inference analysis was conducted in MrBayes 3.1.2 (Huelsenbeck and Ronquist, 2001;Ronquist and Huelsenbeck, 2003). Two runs of eight chains (one cold, seven heated) were conducted simultaneously for 2x10 7 generations, with the tree space sampled each 1000 th generation. Convergence between chains occurred after 2x10 6 generations (average standard deviation of split frequencies <0.01). After a visual representation of the evolution of the likelihood scores, and checking for the stationarity of all model parameters using Tracer 1.5 (Rambaut and Drummond, 2007) (i.e.: potential scale reduction factor (PSRF), uncorrected roughly approached 1 as runs converged (Gelman and Rubin, 1992), and Effective Sample Size (ESS) of all parameters superior to 200), the 2x10 6 first generations were discarded as burn-in. The remaining trees were used to compute the consensus tree. Phylogenetic reconstructions were performed on the TITAN cluster at the University of Oslo, Norway through Bioportal [START_REF] Kumar | AIR: A batch-oriented web program package for construction of supermatrices ready for phylogenomic analyses[END_REF].

Analysis of biological traits in Loricariinae

To explore the main evolutionary trends shaped through time in Loricariinae, a complete table mixing quantitative and discrete data was created. In addition to the morphological data set presented in Covain and Fisch-Muller (2007), and Covain et al. (2008), height ecomorphological, three ecological, one ethological, and one morphological variables were recorded from museum specimens, field and personal observations, or fringed barbels [mlips] with two modalities: 1 = present, 2 = absent; mouth shape [mouth] with three modalities: 1 = elliptical, 2 = bilobate, 3 = bilobate with trapezoidal opening; tooth shape [teeth] A first global assessment of the phylogenetic dependence of the different variables constituting this complete table was performed using the orthogram method proposed by Ollier et al. (2006) extended to the multivariate case. The orthogram decomposes the trait variance along a phylogenetic tree represented as an orthonormal basis. In the original paper, orthonormal basis is constructed to represent the topology of the phylogenetic tree but other alternatives are available (see Jombart et al., 2010). Then, a linear regression is performed with the centered trait variable as response variable, and the orthonormal basis as explanatory variables. Regression coefficients allow reconstructing the trait variable, and squared coefficients provided variance decomposition of the trait onto the orthonormal basis. The plotting of the squared coefficients and of the cumulative squared coefficients provides two graphical tools called orthogram and cumulative orthogram (Ollier et al., 2006). Four permutation procedures associated to orthograms are used to test the null hypothesis of phylogenetic independence. These procedures are based on different statistics and consider different alternative hypotheses. The R2Max statistics is used to test against the alternative hypothesis that one vector explained a significant part of the trait variance (punctual effect).

SkR2k is used to test against the alternative hypothesis that vectors near the tips (or the root) explained a significant part of the trait variance. SkR2k is high when the trait variance is rather explained by last vectors (towards tips) and low when explained by first vectors (towards root). Dmax is a Kolmogorov-Smirnov-like statistic and is used to test if the vector of squared coefficients may be an ordered random sample of the uniform distribution on (0,1). Dmax was used to test against the alternative hypothesis that some successive vectors explained a significant part of the trait variance (gradual effect). Finally, SCE is a measure of the average local variation of the orthogram and tests against the alternative hypothesis that there are significant differences in variance explained by vectors and their neighbors (precedent or subsequent) (local effect). This approach can be extended to the multivariate case using a multivariate table instead of a single quantitative response variable [START_REF] Rao | The use and interpretation of principal component analysis in applied research[END_REF].

This approach allows to decompose the multivariate variability (including qualitative variables coded as a table of dummy variables) on the phylogenetic basis. Prior to the computation of the multivariate orthogram test, the phylogenetic tree was restricted to the same set of 42 species, and the complete table was submitted to a Hill and Smith Analysis (HSA) (1976) to reveal its structuring. The HSA consists in a Principal Component Analysis (PCA) of a table mixing quantitative and qualitative variables. Secondarily, each variable was individually tested for phylogenetic dependence to reveal their pattern of evolution along the phylogenetic tree. For this, the orthogram method, initially devoted to the detection of phylogenetic dependence in quantitative traits, was extended to the discrete case. Distribution of the statistics under the null hypothesis and confidence limits of (cumulative) orthograms were built using 9,999 random permutations of the trait values. Orthograms (multivariate and univariate) and associated tests (Ollier et al., 2006) were conducted using the adephylo 1.1-0 package (Jombart et al., 2010) in R 2.12.1 (R Development Core Team 2009). A control for false discovery rate for multiple testing under dependency (Benjamini and Yekutieli, 2001) was applied since all tested variables may be proved to be phylogenetically dependent.

To investigate the global pattern of evolution of the different traits along the phylogeny, and to reveal potential evolutionary associations among traits, we used the MSPA in a phylogenetic context. This analysis corresponds to a non-centered PCA of a table containing the decompositions of traits on the orthonormal basis. This table crosses traits and phylogenetic eigenvectors and contains values of squared coefficients and its analysis aims to identify traits having similar decomposition (and thus similar phylogenetic history).

Finally, in order to date the appearance of the main innovations in Loricariinae, the phylogenetic tree was calibrated. After verification that the assumption of constant molecular clock was significantly rejected using a likelihood ratio test conducted between an unconstrained topology and a clock-constrained topology under the GTR + G + I model (Tavaré, 1986), a Bayesian tree calibration method allowing relaxed molecular clock models on partitioned data was applied. Node ages and substitution rates were estimated using an uncorrelated lognormal relaxed clock in BEAST 1.5.4 (Drummond et al., 2006;Drummond and Rambaut, 2007). The GTR + G model was applied on the intronic and mitochondrial partitions, and the HKY + G [START_REF] Hasegawa | Dating of the human-ape splitting by a molecular clock of mitochondrial DNA[END_REF] model on the exonic partition using a Yule tree prior and the best ML phylogenetic tree as fixed topology. The Middle Miocene rise of Eastern Cordillera (~12 Ma) that split the Magdalena drainage from the Orinoco drainage, and the Late Miocene rise of the Merida Andes (~8 Ma) that split the Maracaibo Lake from the Orinoco drainage were used as Time to Most Recent Common Ancestor (TMRCA) for sister species split by these geologic entities (for a review see Albert et al., 2006). Fifty millions generation were used with parameters sampling each 1,000 th generation for the Markov Chain Monte Carlo (MCMC) exploration of parameters' space. A normal distribution was applied for the TMRCA priors. Other parameters were set to default. The convergence of the chain was assessed by inspection of the trace plots and ESS using Tracer 1.5. Since all parameters converged (ESS > 200), the default 10% parameters and trees were discarded as burn-in, and summarized using TreeAnnotator 1.5.4. The chronogram was edited using FigTree 1.3.1. The computation of the chronogram was performed on the TITAN cluster through Bioportal.

Results

Phylogenetic analysis of the subfamily Loricariinae.

We sequenced the almost complete 12S and 16S mitochondrial genes, and the partial nuclear gene F-RTN4 for 326 representatives of the Loricariinae and 16 Loricariidae belonging to Hypostominae and Neoplecostominae as outgroup (Table 1). Other sequences for 24 representatives of Loricariinae, Ancistrus cirrhosus and Pseudorinelepis genibarbis were obtained from GenBank using the accession numbers provided in Covain et al. (2008), Chiachio et al. (2008), and Rodriguez et al. (in press). The sequence alignment including initially 8,503 positions was restricted to 8,426 positions after removal of ambiguous regions.

From these 8,426 positions, 2,545 corresponded to the mitochondrial genes (962 positions for the 12S rRNA gene, 74 for the tRNA Val gene, and 1,509 for the 16S rRNA gene), and 5,881 to the nuclear F-RTN4 gene (894 positions for the exonic regions, and 4,987 for the intronic regions). No significant conflicting phylogenetic signal was detected in the data set, as the global CADM test rejected the null hypothesis of incongruence between matrices (CADM: W were consequently concatenated, and three partitions corresponding to mitochondrial genes, exonic parts of F-RTN4, and intronic parts of F-RTN4 were used to reconstruct the tree. The models GTR + G (Tavaré, 1986) for mitochondrial genes and intronic regions of F-RTN4, and HKY + G [START_REF] Hasegawa | Dating of the human-ape splitting by a molecular clock of mitochondrial DNA[END_REF] for exonic regions of F-RTN4 displayed the smallest AIC and fitted accordingly our data the best as indicated by Treefinder. Bayesian and ML phylogenetic reconstructions lead to equivalent tree topologies, both comparable in broad outline to the one obtained by Covain et al. (2008), and Rodriguez et al. (in press). The best ML tree (-lnL = 116702.5) and Bayesian tree ( 

Harttiini

The Harttiini tribe constituted a monophyletic group and included the genera Harttia, Cteniloricaria, and Harttiella (Fig. 2). 

Loricariini, Farlowellina

The Loricariini tribe was found monophyletic (Fig. 3). Within Loricariini, the subtribe Farlowellina also constituted a monophyletic assemblage, and comprised Lamontichthys, Pterosturisoma, Sturisoma, Farlowella, Aposturisoma, and Sturisomatichthys. Interspecific relationships were congruent between both analyses. Lamontichthys (including L.

filamentosus, type species) was monophyletic and connected with high support at base of the subtribe. The second diverging genus was the monotypic Pterosturisoma microps that formed This topological situation rendered Farlowella paraphyletic.

Loricariini, basal Loricariina

The subtribe Loriicariina was also found monophyletic as sister group of Farlowellina (Fig. 4). The base of the subtribe comprised the representatives of Metaloricaria (including Metaloricaria paucidens, type species) in a sister position to all Loricariina, a position strongly supported by bootstrap supports and posterior probabilities. The second diverging group comprised Dasyloricaria representatives in a sister position to the monotypic 

Loricariini, Loricariina, Loricaria-Pseudohemiodon group

The Loricaria-Pseudohemiodon group formed a strongly supported clade comprising the genera Spatuloricaria, Loricaria (including Proloricaria), Brochiloricaria, Paraloricaria, Planiroricaria, Crossoloricaria, Pseudohemiodon, Apistoloricaria, and Rhadinoloricaria, and formed accordingly the most genera rich group (Fig. 7). Interspecific relationships were congruent between both reconstructions except for the species and populations closely related to L. cataphracta. Spatuloricaria was found monophyletic and formed the sister genus of all other genera of the group. The remaining members of the Loricaria-Pseudohemidon group split into two strongly supported clades corresponding to the Loricaria group (sensu Covain and Fisch-Muller, 2007) on one side and the Pseudohemiodon group (sensu Covain and Fisch-Muller, 2007) To allow the computation of the orthogram tests, the molecular phylogeny was restricted to the subset of species (n = 42) corresponding to those included in the table of biological traits (Tab. 2). The tree topology together with the vectorial basis (Fig. 8) allowed the identification of the ranking of the nodes, and consequently to see which vector accounted for which node.

Global pattern of phylogenetic dependence of the complete table

The multivariate orthogram test (Fig. 8-Global), indicated that several vectors explained the greatest part of the variance. Eleven vectors showed indeed departure from the expected value under the hypothesis of absence of phylogenetic dependence (given by the solid line in Fig. 8), and vectors 1, 2, 3, 4, 6, and 8 peaked outside of the confidence limit (given by the dashes). The cumulative orthogram (Fig. 8) confirmed predominance of numerous vectors in the variance distribution. A significant departure from H0 was registered for several vectors, and this pattern was preserved for several successive vectors. The maximum deviation from the expected value was given for the sum of the height first vectors (vertical arrow in Fig. 8) meaning that maximum variation was registered on these height vectors. All statistical tests were also significant. The small value of SkR2k indicated that the variance distribution was rather skewed towards the root (Table 3; SkR2k: p(X X obs ) = 0.0001), indicating that the deepest nodes of the phylogeny explained the variance distribution. R2Max was also significant (Table 3; p(X X obs ) = 0.0001). This result confirmed the predominance of few vectors in the variance distribution. These results suggested that the set of biological traits recorded have been shaped deep in the phylogeny and underwent sudden diversification events suggesting a rather punctual evolutionary pattern of traits in the phylogeny.

Patterns of phylogenetic dependence in meristic data

The meristic data corresponded to a set of six discrete quantitative variables. The orthogram of the number of caudal-fin rays [caud] (Fig. 8-caud), indicated that vector 2, and in less proportions vector 20, explained the greatest part of the variance. The cumulative orthogram (Fig. 8-caud) confirmed predominance of vectors 2 and 20 in the variance distribution. The maximum deviation from the expected value under absence of phylogenetic dependence was given for the sum of the two first vectors (vertical arrow) meaning that maximum variation was registered on these vectors. All four statistical tests were also significant, particularly R2Max (Table 3; Corrected p-value: Cp(X X obs ) = 0.0013), indicating that a punctual modification of the number of caudal-fin rays occurred at a particular node and that it stayed unchanged afterwards. Moreover, the variance distribution was rather skewed towards the root (Table 3; SkR2k: Cp(X X obs ) = 0.0007), indicating that the deepest nodes of the phylogeny explained the variance distribution. These results suggested that this trait has been shaped deep in the phylogeny, and that a major punctual event occurred at node 2, between Farlowellina and Loricariina lineages, with a reduction of the number of caudal-fin rays in Loricariina (12 versus 14). In addition a second event occurred at node 20, between Farlowella on one side and Sturisoma and Sturisomatichthys on the other side, with a reduction of the number of caudal-fin rays in Farlowella (13 versus 14).

The orthogram of the number of pectoral-fin rays [pect] (Fig. 8-pect), identified a single major punctual event that occurred at node 8 between Lamontichthys and other Farlowellina (orthogram and cumulative orthogram pointed out vector 8 as explaining the major part of the variance distribution). Moreover R2Max was highly significant (Table 3; Cp(X X obs ) = 0.0055) implying that few or even a single vector was responsible of the trait variance. In addition SkR2k (Cp(X X obs ) = 0.0403) was small suggesting that the variance was rather skewed toward the root. Dmax (Cp(X X obs ) = 0.0107) and overall SCE (Cp(X X obs ) = 0.0235) detected a local effect. A single punctual event explained thus the increase of the number of pectoral-fin rays in Lamonticthys (8 versus 7 in all other Loricariinae). The Fig. 8. Variance decomposition of biological traits across the orthonormal basis defined by the phylogenetic tree topology. Base: Phylogenetic tree (left) and description of the topology of the tree by the orthonormal vectors V.1 to V.41 which represent nodes and descendent tips (right). The indicative scale show squares with sizes proportional to the values of the orthonormal vectors (white and black for negative and positive values, respectively). Global: multivariate orthogram: variance decomposition of the multivariate dataset using the orthogram plot (left panel) and the cumulative orthogram plot (right panel). caud to repro: univariate orthograms: each plot represents variance decomposition for a single variable at a time using the orthogram (left panel) and the cumulative orthogram (right panel) plots. Titles and details for each variable are provided table 1. In the orthogram plots, the abscise gives the number of the vectors associated to nodes while the ordinate shows the contribution of the vector to the variance of the trait given by the squared regression coefficient (white and grey for positive and negative coefficients, respectively); dashes correspond to the upper confidence limit at 5 % deduced from 9,999 Monte Carlo permutations; solid line represents the mean value. In the cumulative orthogram plots the ordinate shows the cumulated contribution of successive vectors to the variance; black squares represent the observed value of cumulated squared regression coefficients; solid diagonal line represents expected value under absence of phylogenetic dependence; dashes correspond to the bilateral 95% confidence interval. Vertical arrow indicates the position of maximum deviation from the expected value (diagonal line).

orthogram plot of the number of pelvic-fin rays [pelv] (Fig. 8-pelv), pointed out vector 19 as explaining the major part of the trait variance. However, no vector peaked outside of the confidence limit in the cumulative orthogram, and none of the four statistics were significant.

The decrease of the number of pelvic-fin rays in two species of Farlowella (5 versus 6) corresponded thus to randomly distributed events independent of the phylogeny. The orthogram of the number of dorsal-fin rays [dors] (Fig. 8-dors), also indicated vector 19 as explaining major part of the variance distribution. However, contrary to the preceding case, the cumulative orthogram shows a strong departure from the value under absence of phylogenetic dependence with vector 19 peaking out of the confidence limit (vertical arrow on vector 19). In addition, only R2Max was significant (Table 3; Cp(X X obs ) = 0.0360) implying a rather unique punctual event as explaining the decrease of the number of dorsal-fin rays in all members of Farlowella (6 versus 7). The orthograms of the number of premaxillary

[nbdtsup] and dentary [nbdtinf] teeth displayed almost identical orthograms. The orthogram plots pointed vectors 1 and 2 as explaining the major part of the variance distribution. Cumulative orthograms confirmed this fact with a maximum departure from the expected value under absence of phylogenetic dependence registered for the sum of two first vectors (arrow on vector 2). Out of the four statistics tested (Table 3), only R2Max was not significant meaning that a rather gradual effect was responsible of the variance distribution. Moreover, this distribution was skewed towards the root (Table 3, SkR2k: Cp(X X obs ) = 0.0007 for both variables). Consequently, these two traits have been also shaped rather deep in the phylogeny. Two major successive events can be reconstructed in the overall gradual trend: a first decrease in the number of premaxillary and dentary teeth between Harttiini and Loricariini lineages vector 1), and a second decrease between Farlowellina and Loricariina lineages (Figs. 8-nbdtsup and 8nbdtinf, vector 2).

Patterns of phylogenetic dependence in morphometric data

The ecomorphometric data corresponded to a set of eight continuous quantitative variables.

The orthogram of the Compression Index [CI] (Fig. 8-CI), pointed out vector 2 and 3 as explaining the major part of the variance. The cumulative orthogram confirmed predominance of vector 6 in the variance distribution. The maximum deviation from the expected value under absence of phylogenetic dependence was thus given for the sum of the six first vectors (vertical arrow). All four statistical tests were also significant. The significance of R2Max (2006).

Pvalues: uncorrected significances of the tests using 9,999 random permutations. C Pvalues: corrected Pvalues using the control for false discovery rate for multiple testing under dependency (Benjamini and Yekutieli, 2001). Bold types indicate significant tests for = 5%. However several other vectors also showed departure from the expected value in absence of phylogenetic dependence, but did not peak out of the confidence limit.

Global

Patterns of phylogenetic dependence in qualitative data

The qualitative data corresponded to a set of 16 variables comprising 12 morphological, one ethological, and three ecological variables, the latter being interpretable as ordinal. Among these 16 variables, six displayed rather diffuse patterns of phylogenetic dependence even though rather deeply shaped in the phylogeny (R2Max test not significant and small SkR2k;

table 3). These were the presence or absence of an abdominal cover [abd], of a secondary organization in the abdominal cover [ssec], and of a rostrum [rost], the snout shape [snout],

the secondary sexual dimorphism [SD], and the water velocity [stream]. The orthogram of the presence or absence of an abdominal cover (Fig. 8-abd) pointed out vectors 1 and 13 as explaining the major part of the trait variance, that is to say between Harttia guianensis (without cover) and the Loricariini (usually covered), and between Crossoloricaria + Apistoloricaria (incompletely covered) and Pseudohemiodon (covered). Several vectors also showed departure from H0 that explained this gradual trend in the evolution of the trait, but did not peak outside of the confidence limit (e.g. vectors 2, 3, 4, 5, 9, 14, 15, 24, 32, and 36).

The orthogram of the presence or absence of a secondary organization of the abdominal cover (Fig. 8-ssec) showed a very similar pattern of the distribution of the trait variance and pointed out vectors 13 and 20 as explaining the major part of the variance. These vectors described important modification in the trait between Crossoloricaria + Apistoloricaria (with secondary organization consisting in a medial row of plates on the abdomen) and Pseudohemiodon (without distinct organization in the abdominal cover), and between trans-Andean Sturisoma + Sturisomatichthys (abdominal cover indistinctly organized) and Farlowella (organized in two or three rows). The orthogram of the presence or absence of a rostrum (Fig. 8-rost) revealed numerous vectors showing departure from the hypothesis of absence of phylogenetic dependence (vectors 2, 3, 6, 8, 9, 11, 13, 24, 30, 40) suggesting that this trait appeared or disappeared successively in several lineages. However, only vector 2 peaked out of the confidence interval, that was between Loricariina and Farlowellina, the latter often having a rostrum. The orthogram of the snout shape (Fig. 8-snout) pointed out vectors 6, 8, 11, and 13 as explaining the major part of the trait variation implying multiple appearance events for a given shape. The snout was indeed often rounded among members of the Pseudohemiodon group compared to members of the Loricaria group (vector 6). Among the former, Apistoloricaria and cis-Andean Crossoloricaria indeed often displayed a rounded snout (vector 13). Among Farlowellina, Lamonticthys (vector 8) and Pterosturisoma (vector 11) also possessed a rounded snout compared to Sturisoma or Farlowella. Concerning the orthogram of the sexual dimorphism (Fig. 8-SD), vectors 2, 3, 5, and 11 explained the major part of the trait variance. All members of the Farlowellina, compared to members of Loricariina (vector 2) displayed a secondary sexual dimorphism mostly expressed through the hypertrophy of odontodes in males, except in Pterosturisoma that did not expressed such features (vector 11). Members of Rineloricaria also exhibited the sexual dimorphism through the hypertrophy of odontodes compared to the remaining Loricariina that expressed a secondary sexual dimorphism through the characteristics of the mouth (vector 3), except for Spatuloricaria in which SD is also expressed through odontodes (vector 5). The orthogram of the water velocity (Fig. 8-stream) pointed out numerous vectors in the distribution of the variance of this ecological parameter (1, 2, 3, 5, 6, 8, 11, 14, 15, 17, 18, 24, and 32) among which vectors 6, 8, 14, 17, and 18 explained the greatest part of the parameter variation by peaking outside of the confidence interval. Different successive adaptations to water velocity occurred in different lineages such as between Loricariichthys (mostly adapted to quiet areas)

and the remaining members of its group (mainly inhabiting waters of medium velocity) (vector 18), or between Lamontichthys + Pterosturisoma (members of the rheophilic fauna)

and the remaining Farlowellina (mostly living in medium speed waters) (vectors 8 and 11).

The nine remaining qualitative traits displayed rather deep punctual effects in the distribution of the variance with few vectors explaining this distribution (R2Max test significant and small SkR2k; table 3). The orthogram of the presence or absence of a postorbital notch [encorb] (Fig. 8-encorb) pointed out vectors 2, 3, 6 and 14 as explaining the major part of the variance.

The postorbital notch appeared between Farlowellina (absent) and Loricariina (usually present) (vector 2). A second modification of the trait occurred between Rineloricaria to finally display a trapezoidal opening in members of the Pseudohemiodon group (vector 6).

The tooth shape [teeth] showed a very similar pattern of phylogenetic dependence and followed a similar evolutionary trend as suggested by the orthogram (Fig. 8-teeth). From pedunculated in Harttiini and Farlowellina, the tooth became indeed straight bicuspid in most of the Loricariina (vector 2). Then from straight bicuspid in Rineloricaria (vector 3), two sudden modifications occurred: first a reduction in size in members of the Loricariichthys group (vector 4), and second the appearance of a spoon-shaped crown in members of the Pseudohemiodon group (vector 6). The size of the maxillary barbels [barb] also followed this pattern of evolution as indicated by the orthogram (Fig. 8-barb) that pointed out vectors 2 to 5 as explaining the variance distribution. This was also confirmed by the cumulative orthogram that placed the vertical arrow on the fifth vector (major part of the variance explained by the sum of the five first vectors). From inconspicuous in Harttiini, Farlowellina, Rineloricaria, and members of the Loricariichthys group (vectors 2, 3, and 4), the maxillary barbel became conspicuously developed in members of the Loricaria and Pseudohemiodon groups (vector 5). Among the ecological variables, the adaptation to a particular type of habitat [hab] displayed a single significant event as explaining the variance distribution. The orthogram (Fig. 8-hab) indeed pointed out vector 3 as explaining most of the distribution of the trait variance. This vector described the adaptation to forest creeks of numerous members of Rineloricaria compared to other Loricariinae that seemed to prefer medium to large rivers.

Adaptation to a favored substrate [sub] followed a more complex pattern. The orthogram (Fig. 

Molecular dating of the main innovations in Loricariinae

The likelihood ratio test of constant molecular clock was significantly rejected (L clock > L non clock ; 2 lnL = 2724.1855; D.F. = 369, p-value < 0.0001), implying local clocks. Relaxed molecular clock methods were accordingly applied. According to phylogenetic results, two calibration points (TMRCA) were used: one located at the node splitting the representatives of Spatuloricaria from Magdalena River from those from Orinoco and Amazon Rivers and estimated to -12 Ma, and a second located at the node splitting Farlowella curtirostra and F.

taphorni both from Maracaibo basin, from Amazonian Farlowella and estimated to -8 Ma.

The Bayesian calibration of the tree estimated the origin of the Loricariinae during the Eocene period around 43.5 Ma. ago (Fig. 10). Most of the morphological, ethological, and ecological characteristics highlighted by the MSPA appeared quickly in the deepest node of the phylogeny during Oligocene and Miocene periods, i.e. between -33.90 and -15.68 Ma.

Particularly, at the level of vector 2 (-31.80 Ma.), sudden modifications affected the traits with the appearance of postorbital notches on the orbital rim in Loricariina, the breeding strategy evolved from open water brooder toward alternative strategies, the teeth originally pedunculated and numerous underwent a reduction in number and modifications in shape, the mouth shape also modified from elliptical to bilobate, the number of caudal-fin rays decreased, adaptations to organic substrates occurred in Farlowellina, and predorsal keels appeared in Loricariina. These modifications took place between -33.90 and -31.80 Ma.

Along vector 3 (-24.71 Ma.), alternative breeding strategies appeared such as cavity brooding or mouth brooding, the sexual dimorphism previously mostly expressed through hypertrophy of odontodes reoriented toward mouth and teeth characteristics, the lips transformed from papillose to filamentous or smooth, and fringed barbels appeared as well as conspicuous maxillary barbels. These modifications occurred from vector 3 to vector 6, i.e. between -24.71 and -15.68 Ma. 

4-Discussion

The present study aimed to reconstruct the evolutionary history of the Loricariinae, a highly specialized group of Neotropical catfishes, and in deciphering their main evolutionary trends shaped through time. A first step consisted thus to reconstruct an exhaustive phylogeny of the subfamily to provide the correct necessary framework for a comprehensive evolutionary study of this group. Then, we applied the new tests developed herein to detect phylogenetic dependence in qualitative data and for a complete table. This generalization of the orthogram function and associated tests (Ollier et al., 2006) to data of different nature provides a unifying procedure relying on the same assumptions, and makes accordingly the results of the different tests directly comparable, whatever the statistical nature of the data under study, including univariate or multivariate data. In the method developed by Abouheif (1999), the author had indeed to adapt the tests to the statistical nature of the data. The TFSI test for quantitative data corresponds strictly to a Moran I test (Pavoine et al., 2008), and provides a measure of autocorrelation (the more closely related the species the more similar the tip values), whereas the RUNS test looks for the randomness of the distribution of the data (similar character states are located in the same region of the phylogeny). The significant result of a TFSI will thus be "the data are positively or negatively autocorrelated", whereas the result of a RUNS test will be "the data are not randomly distributed". In a general testing procedure, these differences in the assumptions of the tests may not be important, since what was expected is the detection of a phylogenetic signal in the data. To the contrary, when one wants to compare the results of the tests, the fact to use two distinct statistics makes direct comparisons impossible. The complete development of the orthograms fills this gap, and makes patterns of phylogenetic dependence among traits comparable. Nevertheless, comparisons among trait evolutionary patterns become fastidious with the progressive increase and complexity of traits under study. The new multivariate method proposed here and relying on the MSPA (Jombart et al., 2009) using the phylogenetic vectorial basis of orthograms as matrix of proximity, accounts for this issue and provides a powerful multivariate tool to explore co-evolutionary patterns among multiple traits. The MSPA describes the correlation structure among a set of biological traits at different level of the phylogeny and can be applied to both quantitative and qualitative traits. The MSPA provides a graphical output allowing a direct interpretation of associations among traits for different nodes of the phylogenetic tree. The factorial map of variables (Fig. 9 a and b), reveals the contribution of each vector of the vectorial basis to the axes, and identifies the nodes defined by these vectors. The graph of eigenvalues (Fig. 9d) identifies the axis explaining the major part of the information, and informs about the possible existence of several structures in the data (i.e. different level of the tree explaining the distribution of evolutionary patterns of traits), as well as the existence of axes containing evolutionary "noise" which are discarded from further interpretation. The factorial map of traits (Fig. 9 a and c) identifies the traits displaying similar evolutionary patterns for a given node. Thus, the MSPA provides an ordination of the essential nodes of the tree together with the traits displaying the strongest phylogenetic variation for these nodes (i.e. traits that underwent evolutionary events at the same node).

Systematic of the Loricariinae

Prior to the evolutionary study, we reconstructed the phylogeny of the subfamily using mitochondrial and nuclear markers. The phylogenetic results confirmed the monophyly of the subfamily, and its splitting into two tribes, the Harttiini, and the Loricariini. Corroborating previous results (Montoya-Burgos et al., 1998;Covain et al., 2008;Rodriguez et al., that the former was perfectly distinct from the latter, and even belonged to another morphological group named crassicauda group and comprising all stockier species (contrary to H. longicauda that belonged to the longicauda group that comprised all slender species). In the same study, the barcode sequence of H. intermedia was also found identical to that of H. longicauda, and the authors hypothesised introgressive hybridization or a recent founder effect in an isolated population to explain this phenomenon, both species being present in the same basin. The use of the nuclear F-RTN4 gene in the present study, and the topological result identical to that obtained using barcode sequences, infirm the hypothesis of introgressive hybridization. Since the establishment of reciprocal monophyly between two sister taxa is a function of time (Hubert et al., 2008), when not enough time passed to accumulate mutations able to differentiate sister species, a paraphyletic grouping may be observed with one species nested within a second one (i.e. the coalescent of the first species is contained within the coalescent of the second) (Meyer and Paulay, 2005) The basal Loricariina comprises particular forms of the Loricariinae that can be seen as relictual species due to their particular morphological characteristics, restricted distributions, and long branches rendering the phylogenetic signal noisy. Metaloricaria connects indeed at base of the subtribe and possesses a very particular morphology reminiscent to that of Harttia with which it shares the same habitat (stream waters in riffles). This resemblance probably resulted to the initial description of M. nijsseni as a member of Harttia [START_REF] Boeseman | A short review of the Surinam Loricariinae; with additional information on Surinam Harttiinae, including the description of a new species (Loricariidae, Siluriformes)[END_REF], despite clear autapomorphic features such as an horse-shoe like mouth shape, teeth pedunculated yet reduced in size and number, or 13 caudal-fin rays, that initiate the future Fisch-Muller, 2007), it shares deep postorbital notches, an abdominal cover strongly structured, and a similar mouth shape, including the hypertrophied lower lip of breeding males [START_REF] Steindachner | Zur Fischfauna des Magdalenen-Stromes[END_REF]. Finally, with some representatives of the Loricaria group, it shares a triangular head, strong predorsal keels, and the upper caudal fin ray produced into a long whip. The last basal Loricariina, Fonchiiloricaria, is restricted to the Upper Huallaga River. It possesses 14 caudal-fin rays, and no postorbital notches, two features characteristic for Harttiini and Farlowellina. In addition it also possesses autapomorphic features such as an extreme reduction in size and number of premaxillary teeth (when not missing) relative to dentary teeth (Rodriguez et al., in press). All those relictual species exhibit features that will be successively lost or maintained in other Loricariina lineages. In this case the observed autapomorphic features could correspond to the retention of ancestral characters, considering moreover that these ancient lineages are poorly diversified. In addition, the nested position of Ixinandria steinbachi in a sister position to R. misionera within Southeastern representatives of Rineloricaria, renders Rineloricaria paraphyletic. To circumvent this issue, we equally place here Ixinandria in the synonymy of Rineloricaria. The diagnostic feature given by [START_REF] Aposturisoma Myriodon Isbrücker | tributary of Río Aguaytia, Huanuco, Río Huacamayo, Madre de Dios, Peru; Brochiloricaria chauliodon Isbrücker[END_REF] for Ixinandria, a naked belly and particular sexual dimorphism, appeared phylogenetically uninformative (e.g.

orthogram of the abdominal cover, vector 18 in Fig. 8-abd), and should be considered as specific characters. This is reinforced by the appearance, in close relatives of R. steinbachi from South-East Brazil or Argentina, of a gradual increase in the abdominal platting, rendering thus the belly partly covered (e.g. R. maquinensis, R. aequalicuspis or R. misionera). Finally, the nested position of R. hoehnei within R. lanceolata renders the latter paraphyletic. For this reason, and for lack of distinctive character, we thus place here R.

hoehnei [START_REF] Ribeiro | Loricariidae, Callichthyidae, Doradidae e Trichomycteridae. In: Commissao de Linhas Telegraphicas Estrategicas de Matto-Grosso ao Amazonas, Annexo 5[END_REF] in the synonymy of R. lanceolata (Günther, 1868).

However, considering the branches length, R. lanceolata may be proved to host a species complex.

The Loricariichthys group appears more structured and homogeneous, with all genera found monophyletic and strongly supported. With the exception of the nominal genus, this group comprised surprisingly mostly monotypic genera (Limatulichthys, Pseudoloricaria, and Hemiodontichthys, with addition of Furcodontichthys following results of Covain and Fisch-Muller, 2007). However, given their broad geographic range, and long branches among populations, Hemiodontichthys acipenserinus and Pseudoloricaria laeviuscula could comprise species complexes. Isbrücker and Nijssen (1974) Proloricaria as a junior synonym of Loricaria (Ferraris in Reis et al., 2003;Covain and Fisch-Muller, 2007). Our results sustain however the validity of Proloricaria that is here revalidated. The sister position of L. apeltogater to Paraloricaria needs further investigation before statement. The specimen collected was indeed not preserved, and we can not certify that it belonged to the species. However, in the description of P. agastor, Isbrücker (1979) already noticed the close resemblance of both species (the smallest syntype of L. apeltogaster was even subsequently identified as P. agastor), distinguishing them on the basis of the dentition. Paraloricaria possesses small teeth on both jaws whereas L. apeltogater possesses the typical dentition for Loricaria with premaxillary teeth two times longer than dentary ones.

Within the Pseudohemiodon group, the trans-Andean Crossoloricaria which includes C. variegata, type species, connects at base of the group in a sister position to all other genera, whereas the cis-Andean Crossoloricaria, are nested within the remaining members of the rost), Crossoloricaria is here restricted to the trans-Andean region, whereas the cis-Andean

Crossoloricaria and Apistoloricaria are placed in the synonymy of Rhadinoloricaria.

Evolutionary trends of the Loricariinae

In a recent evaluation of the phylogenetic dependence of the morphological traits used as diagnostic features for the definition of the different genera of Loricariinae, Covain et al.

(2008) highlighted a significant phylogenetic signal in three quantitative, and eight qualitative traits using TFSI and RUNS tests. Subsequently, the authors revealed using orthograms, a rather gradual pattern of evolution for the number of premaxillary and dentary teeth, and a single punctual event in the decrease of caudal-fin ray number. Since the method was only available for quantitative data, the authors used maximum likelihood ancestral state reconstructions (Lewis, 2001) to characterize the evolutionary patterns in qualitative data. Covain et al. (2008) observed a similar pattern of evolution for the traits linked to the mouth, and hypothesised co-evolution in traits related to the mouth such as mouth shape, tooth shape, lips structure, and barbels, due to identical selective pressure acting on this organ. They tentatively explained this co-evolution by the ecology of the species that colonized a large number of ecological niches, as illustrated by the fact that rheophilic species such as Harttia or Lamontichthys which live on stones possess elliptical mouth with papillose lips whereas sand dwellers that live in medium speed flowing waters such as Loricaria or Pseudohemiodon possess a bilobate mouth with filamentous lips. To evaluate the hypothesis that ecological habits (e.g. use of trophic and spatial resources) explained the evolution of the mouth structures, we tested ecomorphometric and ecological variables for phylogenetic dependence.

The ecomorphology aims to identify relationships between morphology and ecology at different levels (individuals, populations, species, guilds, and communities) (Peres-Neto, 1999). At the level of communities, the ecomorphological analyses are supposedly powerful to identify cases of evolutionary convergences in phylogenetically distant species, or to the contrary to identify cases of adaptative divergences between closely related taxa [START_REF] Casatti | Testing the ecomorphological hypothesis in a headwater riffles fish assemblage of the rio São Francisco, southeastern Brazil[END_REF], this last hypothesis applying to our problematic. Different studies conducted on Neotropical communities revealed strong ecomorphological patterns related to feeding and/or locomotion making ecomorphological variables good predictors of species habits (e.g. [START_REF] Casatti | Testing the ecomorphological hypothesis in a headwater riffles fish assemblage of the rio São Francisco, southeastern Brazil[END_REF][START_REF] Oliveira | Ecomorphological patterns of the fish assemblage in a tropical floodplain: effects of trophic, spatial and phylogenetic structures[END_REF][START_REF] Gibran | Habitat partitioning, habits and convergence among coastal nektonic fish species from the São Sebastião Channel, southeastern Brazil[END_REF]. Within loricariids, [START_REF] Casatti | Testing the ecomorphological hypothesis in a headwater riffles fish assemblage of the rio São Francisco, southeastern Brazil[END_REF] illustrated the observed modifications in shape between Hypoptopomatinae the findings of Covain et al. (2008). However, the patterns highlighted by the orthograms for ) and this behaviour is not more risky for the fry than having the eggs in the mouth and against the abdomen such as in abdomino-lip brooders. Moreover, the hypertrophied odontodes are seasonal and only expressed during the reproduction period. We can tentatively explain this phenomenon by the action of predation. In open and cavity brooders, the fry is often hidden in caves or exposed in fast flowing waters, and actively defended by the male. This guarding behaviour preserve the fry from predators by inaccessibility of the fry (hidden or laid in difficult to access places), and let the male free for the defence of eggs and embryos. Even in case of death of the male, the fry may thus be prevented from predation. In open and cavity brooders, the hypertrophied odontodes may play a role in the defence of the fry, but also prove to females the reproductive value of the male, larger males bearing larger odontodes accessing more easily to reproduction (R.C. pers. obs.).

In mouth brooders, the situation is inverted. Any predation activity against the male, definitely compromise the success of reproduction. In this case, bearing external attributes rendering brooding males identifiable may represent a signal for predators, and thus represents a severe disadvantage. The hypertrophy of odontodes may thus have been sexually

selected by females, but its subsequent loss may be the result of natural selection carried out by predators.

All these innovations appeared during the Oligocene period (~ 30Ma.) and evolved throughout Miocene. This period is characterized by major geological events that affected the whole subcontinent (Lundberg et al., 1998(Lundberg et al., , 2010;;Hoorn and Wesslingh, 2010). The uplift of the Andes initiated during the Middle Cretaceous about 90 Ma. ago by the low-elevation of the proto-cordillera (Lundberg et al., 1998), and underwent a major orogenic phase during Oligocene around -30 Ma. At this period, tectonic activity was responsible for the uplift of the Central Cordillera (Central and Northern Andes), and for the onset uplift of the Eastern Cordillera (Northern Andes). The main rivers flowed in a south-north direction in the area corresponding to the modern western Amazon, and major drainages divided in central-eastern Amazonia (Hoorn and Wesslingh, 2010). During the entire Miocene, the Andes continued to uplift, and extensive lakes and inland seas appeared in the foreland basin in western Amazonia and northward (Lundberg et al., 1998), leading to the formation of the Pebas megawetland in western Amazonia during the middle Miocene (~11-16 Ma.) (Hoorn and Wesslingh, 2010). During the late Miocene (~7-11 Ma.), the uplift of the Central Andes accelerated, the Eastern Cordillera and Mérida Andes, the Western Amazon portal, the Vuapes Arch uplifted, leading to the establishment of the west-east transcontinental Amazon drainage system (Hoorn and Wesslingh, 2010). The South American fossil records strongly suggest a pre-Miocene diversification of the fish fauna, as attested by the presence of stingrays, lungfish, Arapaima, characids, cichlids and sciaenids (Lundberg et al., 2010).

These fossils reveal that the ichthyofauna was essentially modern by the late Miocene. Lundberg et al. (2010) hypothesized thus a Cretaceous and tertiary diversification of fishes favoured by the uplift of the Andes and fluctuating global sea levels. Our results corroborate this hypothesis. If diversification events occurred at the specific level during the quaternary, most of the contemporaneous genera were already present before -11 Ma. The morphological and behavioural innovations characteristics for the Loricariinae were already acquired before the late Miocene, and could thus be linked to these major events.

This study revealed the main evolutionary trends shaped through time in Loricariinae. Major innovations were constrained by reproductive behaviour and appeared during the tertiary, a period characterized by orogenesis of the Andes and progressive establishment of the modern Amazon and Orinoco. The orthograms herein generalized to any type of data, have proven to be relevant and efficient tools for the characterization of the patterns of phylogenetic dependence of the data. In addition, the MSPA not only revealed co-evolution among traits but also highlighted the region of the tree that underwent these changes. This powerful analysis is thus able to detect among multiple traits of different nature, which can all be under phylogenetic dependence, those that underwent similarly evolutionary changes at different level of a phylogeny. This analysis highlights thus the importance of the evolutionary patterns in the comparison of multiple traits, all phylogenetically constraints traits not being necessarily linked at the same level.

General conclusions and perspectives

Phylogenetic reconstructions are now playing a major role in biology and represent a prerequisite for a comprehensive study of organisms' evolution. A first issue about phylogenies concerns their ability to resolve species interrelationships. This might appear as evidence but recovering the correct systematic context of a biological study remains a fundamental prior to any analysis implying comparisons between several species or individuals. Without a clear evolutionary direction allowing the correct interpretation of the results, any interpretation remain possible, only relying on personal assumptions, knowledge, and referential. For example, molecular phylogenies were extensively used in a recent past to evaluate ancient evolutionary hypotheses mostly relying on a priori. As an illustration, [START_REF] Delsuc | Tunicates and not cephalochordates are the closest living relatives of vertebrates[END_REF] demonstrated that urochordates (i.e. the tunicates) formed in fact the sister group of vertebrates contrary to the a priori well accepted cephalochordates (i.e the lancelets).

The first step of the present thesis was thus to reconstruct the correct systematic frame of the Loricariinae. Monophyly of the Loricariinae has already been demonstrated by both morphological (Schaefer, 1987;Armbruster, 2004) and molecular (Montoya-Burgos et al., 1998) analyses. However internal relationships of this group stayed unexplored. Probably due to the extreme morphological diversification observed in Loricariinae, and relative apparent stability of the diagnostic characters used to define tribal and generic ranks, both coupled to the extensive works of Isbrücker on this subfamily, the systematics of this group stayed for long largely accepted. However, these hypotheses never benefited from a real phylogenetic evaluation. The results presented in the different chapters of this thesis demonstrate that the systematics of this group was only partly correct. Particularly, the definition of the Harttiini tribe was erroneous. Isbrücker (1979) The significant modifications in the structure of the phylogenetic tree were the natural consequence of incorrectly defined diagnostic characters. The characters provided to diagnose tribal and generic ranks were accordingly evaluated in regards to the phylogeny. In the first chapter, we demonstrated that these features were in general sufficient to define naturally tribal and particularly sub-tribal ranks (including parts of the morphological groups proposed by Covain and Fisch-Muller, 2007; Annex 2), but were clearly insufficient at the generic level. For this we used the co-inertia analysis (CIA) (Dolédec and Chessel, 1994) to extract

the joint structure between the phylogeny (previously converted into a distance matrix) and a table of diagnostic morphological traits (quantitative and qualitative). In this case, CIA highlighted the traits that possess the maximum covariation with the phylogeny as well as phylogenetic associations among traits. This way to proceed using the CIA represents a valid possibility for a multivariate exploration of a table of traits in regards to a phylogeny, and consequently allows to detect phylogenetic dependence in multiple traits. This first attempt represents a convincing result of the power of the multi-table methods in comparative biology that allowed the extension of this approach. We thus naturally experienced the multi-table methods in different evolutionary problematics (i.e. at least one of the tables always represented a phylogeny).

In a diversity study conducted on Harttiini within the Guianas, the multiple co-inertia analysis (MCOA) (Chessel and Hanafi, 1996) united morphometry, genetics, and ecology-distribution in the same analysis (Chapter 3). The MCOA highlighted unrevealed associations among these three types of data, and provided strong evidences for the validity of three genera of Harttiini differing in combination of these different data. The analysis also demonstrated that the real diversity was twice as previously recorded. This tremendous diversity was shaped by (or oriented toward) an intraphenotypic component made of morphological adaptations and genetic divergences, and an extraphenotypic component made of ecology and distribution of the species. The morphological adaptations included important modifications in size and shape particularly at the level of the caudal peduncle. These morphological modifications were correlated with the genetic divergence and environmental parameters such as the type of colonized biotope (forest creek or main river), and the temperature, as well as with distributional gradients represented by altitude and longitude.

In the fourth chapter we evaluated the ability of the RLQ analysis [START_REF] Dolédec | Matching species traits to environmental variables: a new three-table ordination method[END_REF] to detect co-structures into two independent phylogenies constrained by their species distribution. The strength of the RLQ relies on the link table L providing the hypothesis constraining the analysis. The co-structures revealed are thus directly interpretable in the light of the emitted hypothesis, all other apparently visible co-structure being potentially related to unrevealed factors. Results of Chapter 3 demonstrated indeed that the evolution of a group was by essence multifactorial implying both intra and extra phenotypic parameters. Thus visual interpretation of potential co-structures observed in the branching order of phylogenies is hazardous and should be avoided as much as possible, other alternative evolutionary constraints potentially explaining independently such patterns. Freshwater fishes represent a group of high interest in this comparative phylogeographic approach due to biological and physiological adaptations constraining their abilities to dispersion. Contrary to marine or terrestrial organisms, freshwater fishes are only able to disperse within a river basin, or between adjacent basins in a stepping stone manner. Major climatic and geological events shaped the modern South-American Rivers through the entire Miocene and Pleistocene (Lundberg et al., 1998, 2010; Hoorn and Wesslingh, 2010), providing opportunities for vicariance and/or dispersion of species through headwaters or estuaries secondary contacts.

Given that the history of the contemporaneous rivers is tightly linked to these underlying geological events, the chronology of river connections, and accordingly species' dispersion, may be track back in time (Hubert et al., 2007). Thus assuming the hypothesis of codispersion of species, i.e. that contemporaneous species may be present in the same basin because they simultaneously colonized this basin due to the same historical events (e.g.

headwater capture, estuary secondary contact, geological fracture), we explored the phylogeny of Harttiini and the one of Hypostomus previously published by Montoya-Burgos (2003). The RLQ perfectly detected a strong and significant spatial phylogenetic co-structure of both trees implying co-dispersion between species from the Amazonian and Sao Francisco basins. This result was reinforced by the fourthcorner testing procedure developed by Legendre et al. (1997) and extended by Dray and Legendre (2008) The multi-table methods used in Chapters 1, 3, and 4 rely on the representation of a phylogenetic distance matrix using principal coordinates (Gower, 1966) that are not always the best descriptors for a phylogeny (e.g. when the tree possesses strong imbalance).

Moreover, first PCOs often characterize deepest nodes implying more distant relationships.

These nodes display more variations onto axes, and consequently possess a greater weight in the analysis. Following results of [START_REF] Ogden | Multiple sequence aligment accuracy and phylogenetic inference[END_REF] who demonstrated that balanced reconstructed topologies were much more robust to alignment inaccuracy than pectinate topologies (until 50% inaccuracy in the alignment, in mean did not impact the reconstructed phylogenetic tree topology for balanced, ultrametric, equal branch length tree shapes), we demonstrated in Chapter 2 that our manually aligned sequences data, even though containing inaccuracies, provided better results. The tree obtained using all available information was found to be more robust (smaller Colless' index (Colless, 1982) implying a more balanced topology and greater mean nodal support), and provided therefore a good estimator of the phylogeny in the multi-table analyses. Moreover, PCOs have also been efficiently used to describe phylogenies for the study of coevolution between hosts and their parasites (Legendre et al., 2002). The ParaFit method indeed tests the significance of a global hypothesis of coevolution between parasites and their host using the phylogenetic trees of both parasites and hosts beforehand described by their respective PCOs, and an host-parasite binary coding association matrix as link (see discussion about RLQ above). Another alternative multivariate method was proposed in chapter 5 and is based on the representation of the topological properties of the phylogenetic tree via an orthonormal basis.. We extend the orthogram method developed by Ollier et al. (2006) using the same statistical frame. This unifying structure, making each test directly comparable, subsequently allowed the development of a new multivariate method for the exploration of patterns of co-evolution among traits along a phylogeny. This new approach adapts the multi-scale pattern analysis (MSPA) technique developed for the analysis of spatial data (Jombart et al., 2009) into a phylogenetic context. The method corrects for the possible artifact introduced by the use of principal coordinates in other multi-table methods by using a topology-based orthonormal basis representing the phylogeny (Ollier et al., 2006). The multivariate orthogram computed on a dataset mixing quantitative (continuous and discrete), qualitative (binary, multimodal, and ordinal), intraphenotypic (morphological and ethological)

and extraphenotypic (ecological) variables revealed that the data were strongly autocorrelated with the phylogeny and implied the deepest nodes in the explanation of the distribution of the biological traits' variance. The univariate orthograms confirmed this result, with most of the traits linked to the mouth that were effectively explained by the first vectors (number of premaxillary and dentary teeth, tooth and mouth shapes, lip surface, maxillary and fringed barbels) with the addition of the number of caudal-fin rays, and the presence or absence of predorsal keels and postorbital notches, corroborating thus the findings of the first chapter using the CIA (and thus PCOs). The MSPA perfectly confirms these results and revealed strong associations between mouth features and the deepest nodes of the phylogeny, confirming that all these structures are linked. However, very few correlations were observed with the ecological and ecomorphological variables implying that the co-evolution in mouth characteristics was not related to ecological habits as hypothesized in Chapter 1. The MSPA (and univariate orthograms) highlighted in fact that such modifications were related to sexual characteristics that are the reproductive strategies and the sexual dimorphism. Reproductive strategies are diverse in Loricariinae and belong to five groups. Members of Harttiini and Farlowellina are indeed known to be open brooders (i.e. eggs are laid on an exposed surface and guarded by the male), while Loricariina members display numerous alternative strategies: members of the Pseudohemiodon-Loricaria groups are abdomino-lip brooders (i.e. eggs are laid in a single layered mass, and are maintained to the surface of the lower lip and abdomen of the male); members of the Loricariichthys group are lip brooders (i.e. eggs are laid in a mass and held by the male in the fold made by its enlarged lips); and others such as Rineloricaria representatives are cavity brooders (i.e. eggs are laid attached to one another in single layer masses on the cavity floor, and are brooded by the male) (Covain and Fisch-Muller, 2007). Evers and Seidel (2005) also reported the use of a vegetal support such as a dead leaf by members of Limatulichthys. In this case, the eggs are laid in a mass and attached to the surface of the support. The eggs and support are then held by the male in the fold made by its lips. Sexual dimorphism displays accordingly substantial variations related to the different breeding strategies. The co-evolution among traits related to the mouth was thus shaped by behavioural constraints suggesting sexual selection. From the initial condition related to respiration and feeding, the mouth evolved in Loricariidae toward new functions related to adherence to the substrate and locomotion (see Geerinckx et al., 2011). In Loricariinae the mouth (and related features) evolved from this secondary function toward a third function related to reproduction. Surprisingly, these new innovations were concomitant with the loss of pronounced secondary sexual dimorphism. The hypertrophy of odontodes that is sometimes extreme in open and cavity brooders, disappeared in mouth brooders. If the appearance of a rounded tooth crown in brooding males could be explained by a higher risk for eggs and embryos to be damaged by pointed crowns, the loss of hypertrophied odontodes on the snout margin and pectoral fins does not have direct interpretation. Males of open and cavity brooders stay struck to the fry when guarding eggs and embryos (pers. obs.) and this behaviour is not more risky for the fry than having the eggs in the mouth and against the abdomen such as in abdomino-lip brooders. Moreover, the hypertrophied odontodes are seasonal and only expressed during the reproduction period. One can tentatively explain this phenomenon by the action of predation. In open and cavity brooders, the fry is often hidden in caves or exposed in fast flowing waters, and actively defended by the male. This guarding behaviour preserves the fry from predators by inaccessibility of the fry (hidden or laid in difficult to access places), and let the male free for the defence of eggs and embryos. Even in case of death of the male, the fry may thus be prevented from predation. In open and cavity brooders, the hypertrophied odontodes may play a role in the defence of the fry, but also prove to females the reproductive value of the male, larger males bearing larger odontodes accessing more easily to reproduction (pers. obs.). In mouth brooders, the situation is inverted. Any predation activity against the male, definitely compromise the success of reproduction. In this case, bearing external attributes rendering brooding males identifiable may represent a signal for predators, and thus represents a severe disadvantage. The hypertrophy of odontodes may have been sexually selected by females, but its subsequent loss may be the result of natural selection carried out by predators. All these innovations of the Loricariinae appeared during the Oligocene period (~ 30Ma.) and evolved throughout Miocene. These results corroborate the hypothesis of Lundberg et al. (2010) who, based on fossil records, hypothesized a Cretaceous and tertiary diversification of Neotropical fishes favoured by the uplift of the Andes and fluctuating global sea levels. The Oligocene period is characterized by major geological events that affected the whole subcontinent (Lundberg et al., 1998, 2010; Hoorn and Wesslingh, 2010). The uplift of the Andes initiated during the Middle Cretaceous about 90 Ma. ago by the low-elevation of the proto-cordillera (Lundberg et al., 1998), and underwent a major orogenic phase during Oligocene responsible for the progressive establishment of modern Amazon and Orinoco.

The generalization of orthograms to any type of data, and the MSPA not only revealed co-evolution among traits but also highlighted the region of the tree that underwent these changes. This powerful analysis is thus able to detect among multiple traits of different nature, which can all be under phylogenetic dependence, those that underwent similarly evolutionary changes at different level of a phylogeny. This analysis highlights the importance of the evolutionary patterns in the comparison of multiple traits, all phylogenetically constrained traits not being necessarily linked at the same level (one can make a parallel with previous remark on the hazard of visual interpretation of co-structures and the possible existence of hidden parameters).

This thesis represents a first step in the evolutionary study of the Loricariinae, and more widely of the Neotropical ichthyofauna. I tried, as much as possible, to systematically reject all a priori prior to conduct any analyses, by measuring, evaluating, and controlling the data to prevent misinterpretations of the results. The multi-table methods and MSPA provide the necessary unifying frame to reach this goal, by avoiding individual interpretation of the different data sets, especially in comparisons with phylogenetic trees. These approaches were relevant and particularly powerful to correctly describe multivariate associations with the phylogenies, revealing unexpected associations as well as the importance of the evolutionary patterns in the comparison of multiple traits. These results also highlight the necessity to account for phylogenetic constraints in the data, and to develop exploratory tools to investigate the biological questions such as the MSPA (Jombart et al., 2009) or the phylogenetic principal component analysis (pPCA) (Jombart et al., 2010). All these approaches open a plethora of new problematics in evolutionary biology and should be considered more widely to provide stronger evidences for a correct estimation of the underlying forces driving the evolution of the groups under study.

ABSTRACT. -DNA barcoding represents a reliable and powerful way to discriminate and identify species using a standardized region of the mt COI gene. However, a correct identification requires two factors: differentiation and assignment. When one component is lacking, the barcode approach usually fails. To circumvent such problem, we developed a dual approach using a nuclear marker as complementary identifier. A first step consisted in characterizing the first intron of the F-RTN4 gene. This intron was found to be the longest, the most divergent and the most variable of the different introns constituting F-RTN4, making it a candidate of choice. This dual approach was applied to a group of closely related armoured catfishes constituting the Panaque group within the Guianas. Three groups were found: Pseudacanthicus, Hemiancistrus, and Peckoltia-Panaqolus, and four new species were highlighted. Within the latter group, Panaqolus koko n. sp. displayed a pattern of mitochondrial introgression with Peckoltia otali n. sp., while Peckoltia capitulata n. sp. and Peckoltia simulata n. sp. revealed cryptic species of Peckoltia oligospila. Hemiancistrus appeared significantly distinct from Peckoltia. Its type species is redescribed and a neotype is designated to clarify its taxonomic status considering the loss of the holotype.

INTRODUCTION

Historical methods for identifying, naming and classifying fishes rely essentially on external morphology [START_REF] Ward | REVIEW PAPER: The campaign to DNA barcode all fishes, FISH-BOL[END_REF]. Nevertheless, this approach has often proven its limitation, particularly in the detection of cryptic species (see Hillis et al., 1996; e. g. Emberton et al., 1995; Fisch-Muller et al., 2002). Modern techniques, including gene sequencing, appeared as complementary and relevant methods to reveal this hidden diversity (e.g. Hebert et al., 2004a; Miura et al., 2005; Ellis et al., 2006; Lara et al., 2010). In this context, the establishment of a standard DNA sequence devoted to the identification of species was a necessary prerequisite. This was the main goal of the Barcoding Of Life Initiative (BOLI) which established the use of a mitochondrial 648-bp 5' target region of the cytochrome c oxidase I (COI) gene (Hebert et al., 2003). The COI gene encodes part of a large enzymatic complex of the mitochondrial respiratory chain. The sequence, due to the degenerate nature of the genetic code, possesses high mutational rates in third and first positions of codons, despite relative conservation in amino acids [START_REF] Ward | An analysis of nucleotide and amino acid variability in the barcode region of cytochrome c oxidase I (cox1) in fishes[END_REF].

These high mutational rates therefore allow the rapid accumulation of mutations between sequences that forms the conceptual basis of the barcode system. The differences accumulated are expected to be low within species due to the constant transmission of mitochondria, and high among species due to the absence of mitochondrial exchanges. The COI barcode system has already been efficiently used in quantifying and qualifying fish diversity [START_REF] Ward | Barcoding Australia's fish species[END_REF]Hubert et al., 2008;[START_REF] Ward | REVIEW PAPER: The campaign to DNA barcode all fishes, FISH-BOL[END_REF][START_REF] Valdez-Moreno | Probing diversity in freshwater fishes from Mexico and Guatemala with DNA barcodes[END_REF][START_REF] Lara | DNA barcoding of Cuban freshwater fishes: evidence for cryptic species and taxonomic conflicts[END_REF], and successfully highlighted cryptic species (e.g. Ward et al., 2008a;Ward et al., 2008b;[START_REF] Lara | DNA barcoding of Cuban freshwater fishes: evidence for cryptic species and taxonomic conflicts[END_REF]. However, this method has not been without controversy, essentially because it relies on a mitochondrial gene. Particularly, doubts were voiced concerning the ability of the COI gene to discriminate recently radiated species [START_REF] Moritz | -DNA barcoding: promise and pitfalls[END_REF][START_REF] Hickerson | DNA barcoding will often fail to discover new animal species over broad parameter space[END_REF]. Another major concern with the use of a mitochondrial marker is the lack of sensitivity to detect hybridization and mitochondrial introgression [START_REF] Ward | REVIEW PAPER: The campaign to DNA barcode all fishes, FISH-BOL[END_REF]. To circumvent this last issue, it is often recommended that comparisons be made with a nuclear marker to detect conflicting signals (Hebert et al., 2003;[START_REF] Ward | An analysis of nucleotide and amino acid variability in the barcode region of cytochrome c oxidase I (cox1) in fishes[END_REF][START_REF] Ward | REVIEW PAPER: The campaign to DNA barcode all fishes, FISH-BOL[END_REF].

Different proposals have been made mostly relying on the variable regions of the nuclear ribosomal genes (e.g. [START_REF] Sonnenberg R | An evaluation of LSU rDNA D1-D2 sequences for their use in species identification[END_REF][START_REF] Raupach | Molecular species identification of Central European ground beetles (Coleoptera: Carabidae) using nuclear rDNA expansion segments and DNA barcodes[END_REF]. Nevertheless, no widely accepted standard nuclear marker has presently been developed as a complementary barcode in animals. A possible explanation for this gap may rely on the different natures of both genomes. Moreover, it is well accepted that the coding sequence of nuclear genes evolve much more slowly than mitochondrial ones [START_REF] Page R | Molecular Evolution: A phylogenetic approach[END_REF], what may lead to the absence of the necessary barcoding gap (Meyer and Pauley, 2005) allowing the discrimination of species. In this case, the use of non-coding regions with more relaxed evolutionary constraints such as introns may provide a solution.

The selection of appropriate introns as candidate markers for barcoding purposes can benefit from the following theoretical considerations. A recent investigation of the evolution of the exon-intron structure conducted by [START_REF] Zhu | Patterns of exon-intron architecture variation of genes in eukaryotic genomes[END_REF] revealed three main evolutionary patterns recovered in all eukaryotic genomes analysed. First, an ordinal reduction of length and divergence in both exon and intron; second, a co-variation of GC content and divergence between exons and flanking introns; and three, a decrease of average exon or intron length, GC content and divergence with the increasing number of exons in a gene. Moreover, they noted a strong complicated correlation between the GC content and the length of the introns and exons. To explain these significant trends, the authors hypothesised that these patterns were caused by factors common to either exons or introns or to both (e.g. splicing elements).

They noted that the monotonic reduction of length, GC content and divergence as the ordinal variation or as a function of the total number of introns or exons, may reveal the factors that shaped this pattern, since this ordinal trend may reflect a time-orderly evolution. [START_REF] Zhu | Patterns of exon-intron architecture variation of genes in eukaryotic genomes[END_REF] thus proposed the timely-ordered model for the evolution of the intron-exon structure.

This model stipulates that if the number of introns or exons follows an increasing trend, then the first exon and intron are older than the next ones. These older introns had more time to be inserted by regulatory or transposable elements and became accordingly longer. Moreover, the inserted sequences in introns have generally a lower GC content; and the later occurring introns cut the coding sequences into shorter ones except for the first and last exons which are required by splicing-related factors; the subsequent recruited exons, have a higher possibility of coming from intron sequences and therefore have a lower GC content. The first intron of eukaryotic nuclear genes therefore appeared as a possible candidate for identification purpose as that region is supposed to have accumulated enough mutations through time compared with its flanking exons, or subsequent introns.

In the present study, we used a classical barcode approach to investigate species diversity in a group of closely related catfishes belonging to the Loricariidae. The family Loricariidae is the world's largest catfish family including 716 valid species (Ferraris 2007), without considering the numerous species still awaiting for a formal description, neither the undiscovered nor cryptic ones (300 undescribed species estimated in [START_REF] Reis | Check list of the freshwater fishes of South and Central America, Edipucrs Porto Alegre[END_REF].

Loricariids are mainly characterized by their body encased in rows of bony dermal plates, and by the possession of a ventral sucker mouth. They feed by scraping the substrate to eat algae, detritus, and invertebrates. Their highly specialized morphology makes the Loricariidae one of the best characterized family among Siluriformes, recognized as a natural group since the earliest classifications for the order (de Pinna, 1998). Their exceptional diversity, usually allied to parental care and to low fecundity, are conditions that were compared to those observed for the cichlid species flocks in the East African rift lakes (Schaefer and Stewart, 1993). Genera sharing the presence of hypertrophied and movable cheek odontodes were placed in the subfamily Ancistrinae Kner, 1853 (Isbrücker 1980;[START_REF] Fisch-Muller S | Subfamily Ancistrinae (Armored catfishes). In: Check List of the Freshwater Fishes of South and Central America[END_REF]. Based on a phylogenetic analysis of the Loricariidae using osteological characters, Armbruster Spectracanthicus, and an undescribed genus. In that analysis, which did not include the type species of Hemiancistrus (H. medians), corroborating previous studies, Panaque (including Panaqolus) was found most closely related to Peckoltia (Schaefer, 1986;Schaefer and Stewart, 1993;Armbruster, 2004) and to Scobinancistrus (Armbruster, 2004: 59).

Scobinancistrus was also placed in synonymy of Panaque (Armbruster, 2004: Table I). The hypothesis of close relationship between Pekoltia and Panaque was however not supported by the analysis of 12S and 16S mitochondrial rRNA genes (Montoya-Burgos et al., 1998), and several studies provided evidence that the genus Hemiancistrus forms a polyphyletic assemblage [START_REF] Montoya-Burgos | Phylogenetic relationships within Hypostomus (Siluriformes: Loricariidae) and related genera based on mitochondrial D-loop sequences[END_REF][START_REF] Armbruster | The genus Peckoltia with the description of two new species and a reanalysis of the phylogeny of the genera of the Hypostominae (Siluriformes: Loricariidae)[END_REF] and is in need of a revision. In a recent checklist of the Siluriformes, Ferraris (2007) considered Panaqolus and Scobinancistrus as valid genera.

Within the Guianas (comprising French Guiana, Suriname and Guyana), nine species of the Panaque group, placed in four genera, were reported (Le Bail et al., 2000; Ferraris 2007; Vari et al., 2009): -Hemiancistrus medians (Kner, 1854), type species of Hemiancistrus, for HyPhy 2.0 by O. Fedrigo (http://www.duke.edu/~ofedrigo/Olivier_Fedrigo/HyPhyScripts.html). Assuming the timelyordered model, the computation of for the selected intron of F-RTN4 was performed using synonymous changes of a flanking exon as neutral proxy. Both estimates require a topology, which was obtained from a different study currently in progress and is not presented here.

Finally Neighbour Joining (NJ) trees (Saitou and Nei, 1987) were reconstructed based on the K2P distances matrices to provide a cluster ordination of the species. The NJ algorithm has the advantage over other agglomerative partitioning methods to translate distances into branch lengths. To estimate robustness of the groupings, a nonparametric bootstrap analysis (Efron 1979) was performed following Felsenstein's (1985) methodology using 9,999 pseudoreplicates. In addition, levelplot graphs allowing a graphical representation of both distance matrices were computed using the lattice 0.18-3 and colorRamps 2.3 packages (Sarkar, 2010;Keitt, 2009) in R.

Taxonomy

Material belonging to the new species described here is deposited in the Muséum National d'Histoire Naturelle, Paris (MNHN), the Muséum d'histoire naturelle, Geneva (MHNG), and the Academy of Natural Sciences, Philadephia (ANSP). Comparative material includes primary type-specimens of Hemiancistrus macrops (Lütken, 1874), Hemiancistrus megacephalus (Günther, 1868), Peckoltia braueri (Eigenmann, 19129, Peckoltia oligospila [START_REF] Günther | Catalogue of the Physostomi, containing the families Siluridae, Characinidae, Haplochitonidae, Sternoptychidae, Scopelidae, Stomiatidae[END_REF], Panaqolus dentex (Günther, 1868), Pseudacanthicus leopardus (Fowler, 1914) Pseudacanthicus serratus (Valenciennes, 1840) and Pseudacanthicus spinosus (Castelnau, 1855), and twelve specimens collected in the Maroni/Marowijne River basin that we assigned to Hemiancistrus medians (Kner, 1854) (see COMPARATIVE MATERIAL).

Institutional acronyms follow Fricke and Eschmeyer (2010).

Measurements and counts indicated in descriptions are based on all specimens listed, except those less than 30 mm SL and one individual with end of caudal peduncle and fin missing (ANSP187118, estimated size 64.5 mm SL). Specimens were measured with a digital calliper to the nearest 0.1 mm. Measurements follow [START_REF] Fisch-Muller | Genetic and morphological evidences for two new sibling species of Ancistrus (Siluriformes: Loricariidae) in upper rio Tocantins drainage, Brazil[END_REF], and are expressed as percents of standard length (SL) except for subunits of the head, which are expressed as percents of head length (HL). Counts follow Schaefer and Stewart (1993), excluding the marginal caudal plates, and with the addition of the counts of plates along the dorsal-fin base, plates between the anal and the caudal fins, and hypertrophied cheek odontodes.

AT enrichment was present in the data since the GC content per sequence (Table I) was always below 0.5 (mean = 0.43±0.014). In first codon position (GC1) the GC content reached a mean value of 0.53±0.01, versus 0.43±0.004 in second position (GC2), and 0.31±0.035 in third position (GC3). The maximum in GC content was thus observed in first position, with a mean value above 0.5, whereas a minimum was reached in third position with a significant Comparisons between intron 1 and intron 2 of F-RTN4 (Tab. I) revealed significant difference in length between both introns, intron 1 being the longest (Wilcoxon test: V = 120, p-value = 0.0002), as well as significant differences in K2P divergences (V = 4216, p-value < 0.0001), intron 1 being the most divergent. A significant negative correlation between length and GC content was also recorded for both introns ( 1 = -0.65, p-value < 0.0001 for intron 1 and 2 = -0.44, p-value < 0.0001 for intron 2). In addition, comparisons between intron 1 and the 3' flanking exon 2 revealed a significant positive correlation between their respective K2P divergences ( = 0.75, p-value < 0.0001) but no significant correlation between their respective GC content ( = 0.20, p-value = 0.4849). Since intron 1 showed patterns meeting the general patterns observed in the evolution of intronic regions, subsequent analyses were performed with this marker.

The pattern of base diversity provided by the Entropy plots (Fig. 2) of the COI gene and F-RTN4 intron 1 showed a regular pattern of substitutions all along both sequence alignments even though the intronic region displayed less variation. This pattern implies that the

Taxonomic implications

Based on these results, Hemiancistrus is valid, but only represented by the type species H. medians within the Guianas. Species here placed in Peckoltia but considered in Hemiancistrus either previously (P. braueri) or presently by some authors (P. sabaji) do not 

Identity of Hemiancistrus medians

Hemiancistrus medians is the type species of Hemiancistrus as originally designated by Bleeker (1862:2). The name of Ancistrus medians was made available by Kner (1854: 256; 6 of separate) with an unusual diagnosis placed in the general introduction of his main group named "Loricaten" or "Goniodonten". Kner mentioned that the royal Museum from Stuttgart possessed a wrongly named barbatus hypostomid, that was absent from "Hof-Naturalien-Cabinet" (Vienna) before proceeding with the description of this specimen (holotype).

Although the description by Kner did not mention its origin, the historical catalog of the Museum of Stuttgart's collection shows that the only material available to Kner was a specimen registered under the number SMNS 186. Confirming its typical status, it was first registered as Hypostoma barbatum Cuv., as mentioned by Kner. This identification was then changed to Chaetostomus medians Kner, thus probably only later than the complementary description of the species by Günther (1864: 242) who placed it in the genus Chaetostomus

[=Chaetostoma]. The catalog indicates that it is one dried specimen, locality "Surinam", collected by "Kappler", and received Feb. 1849. More ancistrine specimens were obtained later from the same collector, including: two alcohol specimens registered as Chaetostoma medians Kner (SMNS 791; received 1860), and one dried specimen originally identified as Chaetostomus serratus (SMNS 1729; received 1870). August Kappler was a German researcher and entrepreneur in Suriname. He founded the settlement of Albina on the Marowijne (Surinamese) or Maroni (French) River, where he lived for several years, and according to our knowledge he collected his materials in the vicinity of Albina (R. Fricke, pers. comm.).

The holotype SMNS 186 was searched for, without success, in 1991 by Ronald Fricke, Curator of Fishes in the Staatliches Museum für Naturkunde, who concluded that it had to be considered lost (see [START_REF] Isbrücker | Diagnose vierzehn neuer Gatungen der Familie Loricariidae Rafinesque, 1815 (Teleostei, Ostariophysi)[END_REF]. In the same publication, Isbrücker invalidly restricted the type-locality on the base of the specimens SMNS 791 ("Rivière Marouini", Maroni system, French Guiana, mentioning that the area was Surinamese during Kappler's time and not French). He provided illustrations based on more recently collected specimens. His view of H. medians is the same as that of previous authors, in particular [START_REF] Günther | Catalogue of the Physostomi, containing the families Siluridae, Characinidae, Haplochitonidae, Sternoptychidae, Scopelidae, Stomiatidae[END_REF] Feb. 2011).

Because the typical status of the specimen labelled SMNS 186 has only recently been claimed and, if confirmed, renders the identity of the species different from current usage, and because the original description is crucial but in German language from the mid-nineteenth century, we repeat it here followed by an English translation. It is described in these terms: Pseudacanthicus species generally have no plates on the abdomen; very small plates with odontodes are sometimes present, but restricted to some areas, and generally widely separated from one another; often only odontodes are visible). In addition, as just mentioned, the specimen has no skin on the abdomen. It appears very unlikely that skin was removed from a dried specimen subsequent to Kner's description, especially for a holotype. We conclude that the specimen is not the holotype, and that it is not SMNS 186. It was very likely labelled as such subsequently, having been confused with SMNS 1729: one dried specimen received from Kappler in 1870 and originally registered as Chaetostomus serratus, now

Pseudacanthicus. The SMNS does not claim to have another specimen listed as number 1729 in their collection.

Considering the previous efforts by Isbrücker and Fricke to find the type specimen, combined with the observation that the recently discovered putative type was incorrect, we believe that the holotype of Hemiancistrus medians is really missing in SMNS collection.

Hemiancistrus medians as recognized until recently, and redescribed and illustrated by previous authors [START_REF] Günther | Catalogue of the Physostomi, containing the families Siluridae, Characinidae, Haplochitonidae, Sternoptychidae, Scopelidae, Stomiatidae[END_REF], Regan 1904[START_REF] Isbrücker | Diagnose vierzehn neuer Gatungen der Familie Loricariidae Rafinesque, 1815 (Teleostei, Ostariophysi)[END_REF]) agrees with Kner's original description of the species. In order to clarify the taxonomic status and fix the type locality of Hemiancistrus medians, and in order to preserve the stability of nomenclature, the designation of a neotype is needed. We thus designate here the following specimen as the neotype of conspecific specimens with Kner's description of the holotype, as was already highlighted by Günther (1864: 242) who nevertheless "had no doubt that our specimens are identical with Ancistrus medians of Kner".

Hemiancistrus medians was mostly found in the main channel of rivers within the upper Maroni/Marowijne basin in French Guiana and Suriname (Fig. 7). The species was collected in fast flowing waters in the main channel of the river in the immediate vicinity of waterfalls or rapids. In all places, the substrate was mainly boulders and stones, with gravels in the shallows, sand in the deeper, still water areas, and mud and decayed organic litter in the deepest holes. Exposed wet rocks were covered by the Podostemaceae Mourera fluviatilis (Fig. 8). Hemiancistrus medians was collected sympatrically with the Hypostominae concave, ventral lobe longer than dorsal lobe. Fin-ray formulae: dorsal II,7; pectoral I,6; pelvic i,5; anal i,4; caudal i,14, i.

Colouration

In life (Fig. 6B), base colour yellow-orange, except whitish abdominal region without plates. Base colour tan in alcohol, head darker tan. Sometimes a hardly distinct lighter band between both eyes, and faint dorsal saddles on body. In adults, numerous small dark blackishbrown spots of irregular size and shape distributed on head and entire body except naked abdominal regions; spotting pattern resulting in an irregularly mottled aspect (Fig. 9). Spots may form few irregular transverse bands on posterior part of body of medium-sized specimens. Juveniles show contrasted pattern of colouration with five transversal blackish bands, or dorsal saddles, along body (Fig. 5B). Dark spots present on all fins, centred on fin rays and often combined to form transverse bands, more generally on caudal fin, and especially in smaller specimens.

Distribution and habitat

Peckoltia otali was collected from several localities in the upper Maroni River basin (Fig. 7). It lives in same biotopes as the loricariids Guyanancistrus brevispinis, Hemiancistrus medians, Lithoxus planquettei, Panaqolus koko n.sp., Pseudancistrus barbatus, Hypostomus gymnorhynchus, and Cteniloricaria platystoma. In rapids, it is mostly found in sunny and shallow clear water, swiftly flowing currents, with medium-sized rocks substrate. It is a discreet species due to its colouration that resembles its natural environment.

Etymology

Named otali, a Wayana Amerindian name meaning secret, in reference to the colouration of the species, similar to its biotope, making it difficult to observe. Wayana Amerindians live on the sides of the Upper Maroni River basin where the new species was found. A noun in apposition. 

Colouration

Base colour light tan in life (Fig. 6C), somewhat darker in alcohol (Fig. 10). Head with darker areas, and without spot. Three or four faint dorsal saddles on body. Body and fins brown spotted. Spots very small and numerous at dorsal-fin origin level, but becoming rapidly larger posteriorly, about the size of the pupil before end of dorsal-fin base, and less numerous on caudal peduncle. Spots few in number, darker, larger and more rounded on dorsal and caudal fins. No spot on ventral face, abdomen with diffuse pigmentation. bachi and P. otali by rounded spotting (versus mottling), from P. sabaji by smaller spots on caudal peduncle, and from P. capitulata by presence of spots on head (versus absence). It can be further distinguished from P. oligospila by having a smaller body depth and shorter orbital diameter .

Description

Morphometric and meristic data given in Table II. Head and body plates covered by odontodes of relatively uniform size and distribution.

Odontodes on lateral series of plates not arranged in distinct longitudinal rows and not forming keels on sides. Odontodes on plates of postero-dorsal part of body and on adipose fin slightly enlarged. Odontodes on tip of pectoral-fin spine generally enlarged, longest in males.

Opercle supporting few odontodes. Posterodorsal margin of opercle covered with one or two 

Colouration

Body and fins uniformly blackish-brown, dark brown ventrally (Fig. 13). In life (see fig.

in Le Bail et al., 2000: p. 233), dorsum nearly black with some diffuse lighter areas, that probably correspond to the three light brown saddles or blotches described by Schaefer and Stewart (1993) for P. dentex and P. nocturnus. These light areas probably reflect a stress pattern, as commonly observed in the Loricariidae.

Distribution and habitat

Despite several fish collections, Panaqolus koko is only known by a few specimens collected in three stations in the surroundings of Antecume Pata in the upper Maroni River basin (Fig. 7). It was collected in main river channel on a stony substrate at two meters depth.

It was further caught with ichthyocide by Wayana Amerindians together with the hypostomins Hemiancistrus medians, Peckoltia otali and Pseudancistrus barbatus, and with the loricariins Harttia guianensis, Loricaria cataphracta and Rineloricaria stewarti.

Etymology

Named koko, a Wayana Amerindian name meaning night, in reference to the dark colouration of the species, and in allusion to the similarly coloured and named Panaqolus nocturnus. A noun in apposition.

DISCUSSION

This assessment of the diversity of the Ancistrini constituting the Panaque group within the three countries of the Guianas unambiguously reveals the presence of four new species in French Guiana and Suriname. The barcode approach appears as a relevant tool to characterize such diversity, and in revealing hidden diversity, or complex evolutionary patterns. However, despite an effective differentiation between sequences, and accordingly between species, a correct assignment to congeneric species is missing in the present case. Ward (2009) indeed demonstrated that the "10-fold" rule (Hebert et al., 2004b) classically used as threshold to distinguish different species (e.i. ten times the mean intraspecific variation for the group under study) was correct, but rather conservative especially considering cryptic speciation. Ward (2009) refined the "10-fold" rule and proposed that specimens with divergences greater than 2% were likely to be different species with a probability greater than 0.95. This threshold
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  et liste 197 espèces de Loricariinae répartis en 31 genres: Apistoloricaria (4 espèces), Aposturisoma (1 espèce), Brochiloricaria (2 espèces), Crossoloricaria (5 espèces), Cteniloricaria (3 espèces), Dasyloricaria (5 espèces), Dentectus (1 espèce), Farlowella (25 espèces), Furcodontichthys (1 espèce), Harttia (18 espèces), Harttiella (1 espèce), Hemiodontichthys (1 espèce), Ixinandria (2 espèces), Lamontichthys (4 espèces), Limatulichthys (1 espèce), Loricaria (11 espèces), Loricariichthys (17 espèces), Metaloricaria (2 espèces), Paraloricaria (3 espèces), Planiloricaria (1 espèce), Pseudohemiodon (7 espèces), Pseudoloricaria (1 espèce), Pterosturisoma (1 espèce), Pyxiloricaria (1 espèce), Reganella (1 espèce), Rhadinoloricaria (1 espèce), Ricola (1 espèce), Rineloricaria (47 espèces), Spatuloricaria (11 espèces), Sturisoma (14 espèces) et Sturisomatichthys (4 espèces). Provenzano et al. (2005) et Covain et al. (2006) (voir Annexe 1) maintiennent la synonymie entre Cteniloricaria et Harttia. En ajoutant les travaux de

  avec un nouveau Sturisoma, Covain et Fisch-Muller (2007) (voir Annexe 2) dans une revue de la sous-famille reconnaissent 203 espèces valides réparties en 30 genres et proposent une clé de détermination des genres réalisée à partir des caractères diagnostiques classiquement utilisés pour les définir. Les analyses réalisées retrouvent en partie la subdivision en deux tribus, les Harttiini et les Loricariini, et quatre groupes morphologiques sont créés au sein des Loricariini : (1) le groupe Pseudohemiodon possédant des lèvres filamenteuses, un aplatissement dorso-ventral prononcé, une ouverture de bouche trapézoïdale et des carènes prédorsales modérées ; (2) le groupe Loricaria défini par des lèvres filamenteuses, par de fortes carènes prédorsales et par un aplatissement dorso-ventral généralement modéré ; (3) le groupe Rineloricaria caractérisé par une surface des lèvres papilleuse et par des barbillons marginaux de la lèvre inférieure absents ou faiblement développés ; et (4) le groupe Loricariichthys défini par une lèvre inférieure présentant un important sillon médian, par une surface de cette lèvre plus ou moins xii lisse ou faiblement papilleuse et par la présence d'une double carène abdominale. Ferraris (2007) revient sur sa dernière classification et reconnaît Fonchiiichthys (2 espèces), Hemiloricaria (25 espèces) et Proloricaria (2 espèces). De plus, Ghazzi (2008) décrit neuf nouvelles espèces de Rineloricaria; Ingenito et al. (2008) décrivent deux nouveaux Rineloricaria; Fichberg et Chamon (2008) décrivent un nouveau Rineloricaria; Rapp Py-Daniel et Fichberg (2008) décrivent un nouveau Rineloricaria; Rodriguez et Miquelarena (2008) décrivent un nouveau Rineloricaria; Rodriguez et Reis (2008) décrivent deux nouveaux Rineloricaria et reconnaissent deux groupes morphologiques, nommément le « groupe de sable » comprenant les représentant plus graciles et le « groupe de roche » correspondant aux formes plus massives; Rodriguez et al. (2008) revoient la taxinomie d'Ixinandria et considèrent I. montebelloi comme synonyme junior de I. steinbachi; Thomas et Rapp Py-Daniel (2008) décrivent trois nouveaux Loricaria; de Carvalho Paixão et Toledo-Piza (2009) revoient Lamontichthys et décrivent deux nouvelles espèces ; et Thomas et Sabaj Pérez (2010) décrivent un nouveau Loricaria. En conséquence, les Loricariinae incluent 220 espèces valides réparties en 30 à 34 genres selon les auteurs. Parmi tous ces genres, 12 à 14 sont monotypiques et très peu parmi les plus riches en espèces ont été revus. Loricaria a été revu par

  (voir Annexe 2) pour mettre en évidence les caractéristiques morphologiques quantitatives et qualitatives classiquement utilisées comme caractères diagnostiques dans la réalisation d'une clé d'identification des différents genres de Loricariinae.

  rayons branchus, l'absence d'encoche orbitaire et peu de variabilité dans la structure des lèvres et des dents. Il place Sturisoma, Harttia, Lamontichthys, Harttiella, Pterosturisoma, Cteniloricaria, Sturisomatichthys et Metaloricaria au sein de Harttiini. Sur la base de ces même caractères diagnostiques, Covain et Fisch-Muller (2007) (Annexe 2) ne retrouvent que partiellement ce regroupement en utilisant des méthodes de classification hiérarchique avec Metaloricaria et Farlowella se connectant en dehors des Harttiini à cause de caractères divergents. Néanmoins, dans un souci de faciliter l'identification des différents genres, ils maintiennent la classification d'Isbrücker (1979). Les phylogénies moléculaires reconstruites à l'aide de marqueurs mitochondriaux (chapitre 1) ou de jeux de données combinant des données nucléaires et mitochondriales (chapitres 2, 4 et 5) démontrent que ce groupe n'est pas naturel et que les Harttiini ne sont en fait restreints qu'à trois genres : Harttia, Harttiella et Cteniloricaria (chapitres 3 et 4). Les autres genres, hormis xxi Metaloricaria, appartiennent à une nouvelle sous-tribu des Loricariini nommée Farlowellina, et Metaloricaria forme le groupe frère de tous les Loricariina (chapitres 1, 2, 4 et 5). De plus, la phylogénie exhaustive présentée au chapitre 5 révèle des patterns évolutifs complexes au sein des Farlowellina avec Farlowella, Sturisoma et Sturisomatichthys retrouvés paraphylétiques malgré leur morphologie très dérivée les faisant ressembler à des morceaux de bois. Différentes synonymies (Ixinandria et Apistoloricaria) et revalidations génériques (Proloricaria) ont aussi été mises en évidence au sein des Loricariina. De plus, neuf nouvelles espèces (six Harttiella, deux Harttia, et une Cteniloricaria) et un nouveau genre et nouvelle espèce, Fonchiiloricaria nanodon, ont été mis en évidence et décrits (chapitres 2 et 3), augmentant le nombre d'espèces valides à 230 distribuées en 31 genres.

  listed twenty-seven genera of Loricariinae, described eight as new, and classified them into four tribes and eight subtribes on the basis of morphology, without phylogenetic inferences: the Loricariini, including six subtribes (Loricariina, Planiloricariina, Reganellina, Rineloricariina, Loricariichthyina and Hemiodontichthyina), the Harttiini, including two subtribes (Harttiina and Metaloricariina), the Farlowellini, and the Acestridiini. The same author (1981a: p. VI, 71) voiced doubts concerning the placement of Acestridiini among Loricariinae, noting that: "The exposed cleithrum and coracoid, together with the peculiar odontodes on the unbranched pelvic fin ray ('spine') are characters otherwise occurring typically only in various members of the subfamily Hypoptopomatinae."; nevertheless, he maintained them as members of

  , and listed 197 species of Loricariinae distributed in 31 genera: Apistoloricaria (4 species), Aposturisoma (1 species), Brochiloricaria (2 species), Crossoloricaria (5 species), Cteniloricaria (3 species), Dasyloricaria (5 species), Dentectus (1 species), Farlowella (25 species), Furcodontichthys (1 species), Harttia (18 species), Harttiella (1 species), Hemiodontichthys (1 species), Ixinandria (2 species), Lamontichthys (4 species), Limatulichthys (1 species), Loricaria (11 species), Loricariichthys (17 species), Metaloricaria (2 species), Paraloricaria (3 species), Planiloricaria (1 species), Pseudohemiodon (7 species), Pseudoloricaria (1 species), Pterosturisoma (1 species), Pyxiloricaria (1 species), Reganella (1 species), Rhadinoloricaria (1 species), Ricola (1 species), Rineloricaria (47 species), Spatuloricaria (11 species), Sturisoma (14 species), and Sturisomatichthys (4 species). Provenzano et al. (2005) and Covain et al. (2006) (see Annex 1) maintained the synonymy of Cteniloricaria with Harttia. With addition of Retzer (2006) who described a new species of Farlowella, Provenzano et al. (2005) who described a new species of Harttia,

  who described a new Sturisoma,Covain and Fisch-Muller (2007) (seeAnnex 2) recognized 203 valid species distributed in 30 genera in a review of the subfamily including a generic identification key and a synopsis for each genus. Based on external morphological analyses, they partly confirmed the splitting of the subfamily into two tribes, the Harttiini and the Loricariini, and proposed four morphological groups within the Loricariini:(1) the Pseudohemiodon group, (2) the Loricaria group, (3) the Rineloricaria group, and (4) the Loricariichthys group. Ferraris (2007) revised partly his previous statement and considered Fonchiiichthys (2 species), Hemiloricaria (25 species), and Proloricaria (2 species) valid. In addition, Ghazzi (2008) described nine new species of Rineloricaria; Ingenito et al. (2008) described two new Rineloricaria; Fichberg and Chamon (2008) described one new Rineloricaria; Rapp Py-Daniel and Fichberg (2008) described one new Rineloricaria; Rodriguez and Miquelarena (2008) described one new Rineloricaria; Rodriguez and Reis (2008) described two new Rineloricaria and recognised two morphological groups, namely the sandy group comprising slender representatives of the genus, and the rocky group comprising stockier forms; Rodriguez et al. (2008) revised the taxonomy of Ixinandria and considered I. montebelloi as a junior synonym of I. steinbachi; Thomas and Rapp Py-Daniel (2008) described three new Loricaria; de Carvalho Paixão and Toledo-Piza (2009) revised Lamontichthys and described two new species; and Thomas and Sabaj Pérez (2010) described one new Loricaria. As a result, the Loricariinae comprise 220

  , and redefined the Harttiini comprising former Farlowellini. Further on, Montoya-Burgos et al. (1998) proposed the first molecular phylogeny of the family Loricariidae based on mitochondrial markers. They confirmed the position of the Farlowellini nested within Harttiini and provided the first evidence for a splitting of the subfamily into two lineages, Harttia, on one side and all other Loricariinae on the other side. They also found that Farlowella and Sturisoma form the sister group to the Loricariini. In a recent work, Covain and Fisch-Muller (2007) recognized 203 valid species distributed in 30 genera. Based on external morphological analyses, they partly confirmed the splitting of the subfamily into two tribes, the Harttiini and the Loricariini, and proposed four morphological groups within the Loricariini: (1) the Pseudohemiodon group, (2) the Loricaria group, (3) the Rineloricaria group, and (4) the Loricariichthys group. The morphological data set of

Fig. 1 .

 1 Fig. 1. Maximum likelihood tree of the Loricariinae including 14 genera and 20 species inferred from the analysis of partial 12S and 16S gene sequences (-lnL = 9414.26784). The best fit substitution model was GTR + G + I with the following parameter values: base frequencies: fA = 0.3686, fC = 0.2361, fG = 0.1856, fT = 0.2096; substitutions rates [A G] = 11.5316, [C T] = 37.5424, [A C] = 4.5376, [A T] = 4.8089, [C G] = 0.0089, [G T] = 1; proportion of invariable sites I = 0.4527; gamma shape parameter: = 0.6563. Numbers above branches indicate bootstrap supports above 50 for ML, MP, and NJ trees respectively. Sign (-) indicates that the node was not found in some topologies. 1: Harttiini, 2: Loricariini, A: Sturisomina, B: Loricariina. Scale indicates the number of substitution per site as expected by the model.

Fig. 2 .

 2 Fig. 2. Co-inertia analysis. Projection of data coordinates of preliminary analyses (PCoA of genetic data and HSA of morphological data) onto axes 1-2 of the co-inertia analysis. a: normalized individuals' scores in the co-inertia plan: genetic data (origin of arrows) and morphological data (extremity of arrows). b: coordinates of morphological variables in the co-inertia plan (numbered as in Table3). c: projection of inertia axes of simple analyses onto co-inertia axes: inertia axes of PCoA of genetic data (left); inertia axes of HSA of morphological data (right). d: eigenvalues of co-inertia analysis. e: bivariate plots of correlations of normalized individuals' scores (genetic data in abscise and morphological data in ordinate) for the first (left) and second (right) co-inertia axes.

  to VI. I: number of caudal-fin rays (including spines); II: number of pectoral-fin rays (including spine); III: number of pelvic-fin rays (including spine); IV: number of dorsal-fin rays (including spine); V: number of premaxillary teeth; VI: number of dentary teeth.Qualitative variables A to K. A: abdominal cover with three modalities: 1 = absent, 2 = present incomplete, 3 = present complete; B: secondary organization in the abdominal cover with two modalities: 1 = absent, 2 = present; C: postorbital notches with three modalities: 1 = absent, 2 = present weak, 3 = present deep; D: predorsal keels with two modalities: 1 = absent, 2 = present;

Fig. 3 .

 3 Fig. 3. Strict congruence phylogram computed from individuals' scores on the first co-inertia axis of the morphological and genetic data using Fitch and Margoliash algorithm. Sum of squares = 0.36173, average percent standard deviation (APSD) = 4.48288. Scale indicates the quantity of information computed from the morphological and genetic data sets.

  overall gradual trend: a first decrease in the number of premaxillary and dentary teeth between Harttiini and Loricariini lineages (Fig 4a, node 1), and a second decrease between Sturisomina and Loricariina lineages (Fig 4a, node 2).

  evolved from pedunculated in Harttiini and Sturisomina to more specialized in Loricariina. A first step occurred at the basal diversification of the Loricariina where the teeth evolved from an ancestor possessing more probably pedunculated teeth (p H1 = 0.6120), to teeth pedunculated yet reduced in size in Metaloricaria, and straight and bicuspid in the sister lineage. In this last lineage, two other modifications occurred later on: a reduction in size in the Loricariichthys group and a change towards spoon shaped teeth reduced in size in the Pseudohemiodon group. The postorbital notches (Fig. 5c) appeared in the ancestor of the Loricariina. This feature regressed two times toward weak postorbital notches: a first time in Limatulichthys, and a second time in the Pseudohemiodon group. The lip structure (Fig. 5d) evolved from papillose in Harttiini, Sturisomina, and basal Loricariina, to rather smooth in the Loricariichthys group, and filamentous in the Loricaria and Pseudohemiodon groups. The sudden diversification of the lip structure made it difficult to reconstruct the ancestral state at the origin of this diversification (Fig. 5d, p E1 = 0.4118, p E2 = 0.2265, p E3 = 0.3617). Predorsal keels (Fig. 5e) appeared most probably in the ancestor of the Loricariina lineage not comprising Metaloricaria (p D1 = 0.8401). Thereafter, this feature regressed in several representatives of the Loricariichthys group such as Loricariichthys and Limatulichthys.

  Rio Huallaga drainage near Tingo Maria in Peru, revealed the presence of an unusual form of the Loricariinae characterized by distinct morphological characters. On first examination, the species resembles Rineloricaria or Spatuloricaria, but possesses unusual dentition. The Peruvian ichthyologist Fonchii Chang identified this form as a possible new species and new genus and deposited one specimen as a future paratype in the Muséum d'histoire naturelle de la Ville de Genève (MHNG) in February 1999. Unfortunately, she died tragically in a boat accident on the Rio Pastaza in August 1999, prior to describing the species. Chang's remaining material for the new genus was also temporally misplaced shortly thereafter and the MHNG´s specimen was for a long time the only known representative of the taxon. Subsequently, some of Chang's collection has been found, and additional specimens have been found in museum collections and via ongoing fieldwork. The objectives of the present study are: 1) to place this new species of Loricariinae in the evolutionary tree of the subfamily, by reconstructing a molecular phylogeny based on mitochondrial and nuclear genes, and 2) to formally describe this new species.
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 2 23 < X < 2.42; 0.016 < p.value < 0.026). The PDA model was accordingly used to standardize the Colless' index that increased from 0.84 for the topology computed from the whole data set, to 0.89 for all other topologies. A smaller index indicated a more balanced topology. The two differences recorded in the topologies concerned the branches leading to the possible new genus and Metaloricaria. The sum of branch lengths is directly proportional to the alignment's length, and both curves follow the same behaviour. The sum of branch lengths immediately drops from 1.32 (manual alignment) to 0.98, then slightly decreases to finally reach a minimum of 0.92 after complete removal of ambiguous positions. The model of substitutions perfectly fits the data for the manual alignment and intermediary values of alignment's length. For smaller alignments, the model overestimates the number of substitutions with the curve of branch lengths located above the curve of alignment's length, whereas for longer alignments it underestimates them, with the curve located below. The mean nodal support is also significantly affected with a mean LR-ELW of 90.8 dropping to between 87.3 and 85.3 for the progressive removal of unstable positions, and reaches a minimum of 83.5 after complete removal of unstable blocks. No conflicting phylogenetic signal was detected in the data set, as the ILD test failed to reject the null hypothesis of congruence between data partitions (ILD: p(X>X obs ) = 0.15).

Fig. 1 .

 1 Fig. 1. Effect of removal of unstable blocks of the alignment on the descriptive statistics computed from phylogenetic reconstructions. Alignment length expressed in number of bases; sum of branch lengths expressed in number of substitutions per sites using a general best fit model; mean node support expressed in mean Local Rearrangements of the Expected-Likelihood Weights using 1,000 replicates; standardized Colless' index computed using the Proportional to Distinguishable Arrangements model of tree shape distribution. All statistics were standardized to allow direct comparisons, and plotted as a function of percentages of unstable blocks present in the alignment.

Fig. 2 .

 2 Fig. 2. Bootstrap majority rule consensus tree (consensus level = 50) over 1,000 pseudoreplicates of the best Maximum Likelihood tree of the Loricariinae inferred from the combined analysis of sequences of partial 12S and 16S mitochondrial genes, and partial F-RTN4 nuclear gene. Numbers above branches indicate bootstrap supports above 50. Clades: 1, Harttiini; 2, Loricariini; A, Farlowellina; B, Loricariina. Scale indicates the number of substitutions per site as expected by the model.

Farlowellina

  (clade A) comprising Lamontichthys, Sturisoma, Farlowella and, Sturisomatichthys; and clade B comprising Loricariina with the 17 remaining representatives of Loricariinae. Within the Loricariina, Metaloricaria is recovered at the base of the clade. The sister group of Metaloricaria is strongly supported (100% bootstrap) with Dasyloricaria recovered as the sister genus to the remainder of the subtribe. The sister group of Dasyloricaria is split into two clades: the first one corresponds to Rineloricaria, and the second one consists of the remaining genera studied herein. The sister clade of Rineloricaria contains the possible new genus in a sister position to two groups: one formed by the Loricariichthys group (sensu

Fig. 4 .

 4 Fig. 4. Detail of the mouth of Fonchiiloricaria nanodon, MUSM 10583, paratype, 160.1 mm L S (ventral view). White arrow shows the very reduced teeth.

Fig. 5 .

 5 Fig. 5. Schematic drawing of the left premaxilla and associated bones in: A) Fonchiiloricaria nanodon (MUSM 32153, 163.6 mm L S ), B) Pseudohemiodon laticeps (Regan) (NUP 3462, 175.4 mm L S ), C) Rineloricaria aequalicuspis (MCP 26910, 85.3 mm L S ) and D) Harttia kronei Miranda Ribeiro (MZUSP 82617, 87.2 mm L S ). pmx: premaxilla, mx: maxilla, pal: palatine, pals: palatine splint. Scale: 1 mm.

Fig. 6 .

 6 Fig. 6. Dorsal views showing the shape of the caudal peduncle in: A) Lamontichthys filamentosus (La Monte) (LBP 162, 181.7 mm L S ), B) Harttia duriventris Rapp Py-Daniel & Oliveira (MZUSP 34228, 104.9 mm L S ), C) Fonchiiloricaria nanodon (ANSP 138947, paratype, 160.2 mm L S ), D) R. heteroptera (LBP 6948, 129.5 mm L S ) and E) P. cryptodon (MZUSP 57653, 111.3 mm L S ). White arrow shows the abrupt beginning of the more compressed part of the caudal peduncle.

Fig. 7 .

 7 Fig. 7. Holotype of Fonchiiloricaria nanodon, MUSM 37953, 160.8 mm L S , in dorsal (top), lateral (middle), and ventral (bottom) views.

  Supraoccipital and predorsal plates without keels. Posterior margin of dorsal fin straight, with first or second branched ray longest. Tip of depressed dorsal fin reaching third or fourth plate posterior of fin insertion. Dorsal-fin spinelet absent. Posterior margin of pectoral fin concave, unbranched ray longest, reaching beyond the pelvic-fin origin. Posterior margin of pelvic fin straight or slightly rounded; first unbranched ray longest, reaching to or slightly beyond anal-fin origin. Posterior margin of anal fin straight, with first unbranched ray longest. Tip of depressed anal fin, reaching fifth or sixth plate posterior to anal-fin insertion. Three or four ventral plates along anal-fin base. Posterior

:

  GenBank accession numbers for the cytochrome c oxydase I nucleotide sequences are: paratype MHNG 2710.060 (PE08-336): GU722207; paratype MHNG 2710.048 (PE08-199): GU722208.Sexual Dimorphism: Males with weakly hypertrophied odontodes on sides of head (also in ventral view) and on dorsal surface of pectoral-fin rays. Such hypertrophied odontodes lacking in females. Unbranched pectoral-fin ray thickened in males (vs. females without unbranched pectoral-fin ray hypertrophied) (Fig.8).Colour in alcohol:Background colour of dorsal surface of head and body brown with four (rarely five) wide, transverse dark brown saddles. First saddle, at origin of dorsal fin, narrowest. Second saddle at end of dorsal-fin base, and last two or three on caudal peduncle.All fin rays yellowish tan with numerous dark brown spots arranged in bands. Caudal fin with conspicuous dark band on its base and numerous small spots close to distal margin, sometimes forming wide black stripe. Ventral surface yellowish, except darkly spotted in one mature male (MUSM 32153, 181.4 mm L S ). Sides of head, snout, and upper lip, frequently with small dark spots or dark vermiculations. Upper caudal filament hyaline.Colour in life:Young specimens with head and body pale greenish grey anterior to dorsal-fin origin. Transverse saddles almost black. Body pale greyish tan posterior to first saddle. Adults with head brown until dorsal-fin origin and darker than rest of body. Transverse saddles deep brown with first one darker. Body yellowish tan, lighter posterior to first saddle.

Fig. 8 .

 8 Fig. 8. Sexual dimorphism in Fonchiiloricaria nanodon (dorsal view). A) female (ANSP 138947, paratype, 160.2 mm L S ) and B) male (MUSM 32153, 181.4 mm L S ).

  premaxillary and dentary teeth. Other features under phylogenetic dependence include the presence or absence of a postorbital notch, the presence or absence of an abdominal plating and the number of caudal-fin rays. In this context, Fonchiloricaria nanodon is an unusual species. No other species of the Loricariinae exhibits the extreme reduction in size and number of premaxillary teeth (when not missing) relative to dentary teeth as occurs in F. nanodon. The reduction in size and number of teeth coupled with the extreme reduction of the premaxilla is observed among species of the Pseudohemiodon group (Dentectus barbarmatus Martín Salazar, Isbrücker & Nijssen 1982, Pyxiloricaria menezesi Isbrücker & Nijssen 1984, Pseudohemiodon spp., Reganella depressa (Kner 1853), and Planiloricaria cryptodon (Isbrücker 1971), as well as in the Loricariichthys group (Hemiodontichthys acipenserinus (Kner 1853), Loricariichthys derbyi Fowler 1915, and especially Loricariichthys edentatus

  ; Annex 1), genetic, morphometric, and ecological-distributional information of all Guianese populations and species of this tribe are united in the same descriptive frame to reveal underlying evolutionary forces shaping their diversification throughout the Guianas. In addition several new highlighted taxa are described. Accepted for publication in: Cybium. Special issue on the Guianese fish fauna [project deposited by R. Covain and S. Fisch-Muller and accepted by the Société française d'ichtyologie (RC & SFM guest editors)]. ABSTRACT.-The Harttiini are a tribe of Loricariinae poorly characterized morphologically. Within the Guianas (French Guiana, Suriname, and Guyana), six valid species were recognized, including five Harttia, and the monotypic Harttiella crassicauda. Recent investigations conducted during the last decade by the authors and their co-workers, revealed several unidentified populations of Harttiini. Using a multivariate and multi-table approach unifying morphometry, genetics through DNA barcodes, and ecology-distribution of all populations and species, the global diversity and main evolutionary trends of this group were assessed. The separate analyses highlighted strong structures supporting the validity of three genera: Harttiella, Harttia, and Cteniloricaria, as well as nine new species (six Harttiella,

  RÉSUMÉ. -Les Harttiini représentent une tribu de Loricariinae assez peu différenciée morphologiquement. Dans les Guyanes (Guyane française, Suriname et Guyana), six espèces valides étaient reconnues, incluant cinq Harttia et le monotypique Harttiella crassicauda. De récentes collectes réalisées lors de la dernière décennie par les auteurs et leurs collègues, ont révélé la présence de plusieurs populations non identifiées de Harttiini. En utilisant une approche multivariée et multi-tableaux unifiant morphométrie, génétique aux travers des codes barres ADN et écologie-distribution de toutes les populations et espèces, la diversité globale et les principales tendances évolutives de ce groupe ont été évaluées. Les analyses séparées ont révélé de fortes structures supportant la validité de trois genres : Harttiella, Harttia et Cteniloricaria, ainsi que neuf nouvelles espèces (six Harttiella, deux Harttia et une Cteniloricaria) et un synonyme. L'analyse combinée établit un compromis entre les analyses préliminaires et révèle leur structure commune. Cette structure s'est avérée liée à l'histoire évolutive des Harttiini. Leur évolution a conduit à des adaptations à un type défini de biotope. Celles-ci incluent des modifications de taille et de forme, en particulier du pédoncule caudal, selon que l'espèce a colonisé les rivières ou les criques forestières de montagne. Un gradient évolutif longitudinal de la distribution géographique des espèces a également été mis en évidence malgré de forts chevauchements. Le genre Harttiella possède ainsi le plus grand nombre d'espèces ainsi que la plus petite distribution, rendant chacune d'entre elles particulièrement vulnérable aux perturbations anthropiques de leur environnement. Neuf nouvelles espèces sont décrites et une clé de toutes les espèces des Guyanes est proposée. Key words. -Morphometry -DNA barcodes -COI gene -Ecology -Multiple co-inertia analysis -New species descriptions.

  characterized by a depressed body covered by bony plates, a single pair of maxillary barbels, and by an important modification of the mouth structure into a sucker disk. Recent investigations conducted by the authors in Guyana, Suriname, and French Guiana revealed the presence of several new species and populations of Loricariidae belonging to the tribe Harttiini.The Harttiini represents a group of rheophilic fishes mainly distributed in the eastern part of South America, in rivers flowing across Brazilian and Guiana Shields. Most inhabit the main stream of rivers over rocky and sandy bottoms, in swift currents where the water is clear and well oxygenated. The systematics of Harttiini has remained confused until now, due to their low morphological diversity.Isbrücker (1979) defined the Harttiini as having the dorsal fin originating approximately opposite to the pelvic-fin origin, the caudal fin with 12 (rarely 11) soft rays, no orbital notch, and little variability in tooth and lip structures. In the same work, Isbrücker and Nijssen described Cteniloricaria, distinguishing it from Harttia by a slender body shape, a more deeply forked caudal fin, and the abdomen wholly covered by medium sized plates.Isbrücker (1979) placed Sturisoma, Harttia, Lamontichthys, Harttiella, Pterosturisoma, Cteniloricaria, Sturisomatichthys, and Metaloricaria within Harttiini.Montoya-Burgos et al. (1998) proposed the first molecular phylogeny of the family Loricariidae, and provided evidence that the Harttiini, as defined byIsbrücker (1979), was not a monophyletic assemblage.Isbrücker (in Isbrücker et al., 2001) described Quiritixys only based on the unusual sexual dimorphism of Harttia leiopleura. Rapp Py-Daniel and Oliveira (2001) described seven species of Harttia, and put Cteniloricaria in the synonymy of Harttia mainly based on the characteristics of H. fowleri but without consulting the type species: Cteniloricaria platystoma.Ferraris (2003Ferraris ( , 2007) ) maintained the validity of Cteniloricaria, and put Quiritixys in the synonymy of Harttia. Provenzano et al. (2005), Covain et al. (2006), and Covain and Fisch-Muller (2007) maintained the synonymy of Cteniloricaria and Harttia. The latter also tentatively placed the monotypic genus Harttiella into Harttiini, suggesting Harttiella as a dwarf form closely related to Harttia. Covain et al. (2008) proposed the first molecular phylogeny of the subfamily, and redefined the systematics of the Loricariinae. They placed Metaloricaria within Loricariina, and Lamontichthys, Farlowella, Sturisoma, and Sturisomatichthys within Farlowellina, both subtribes belonging to the tribe Loricariini. In the same work, they restricted Harttiini to Harttia. The Harttiini comprises currently 23 valid species, including eight species distributed on the Guiana Shield (including part of Brazil and Venezuela). Within the Guianas (Guyana, Suriname, and French Guiana), six valid species of Harttiini are recorded, including five species of Harttia, and one Harttiella. Harttiella crassicauda was initially collected by Geijskens and Creutzberg in the Nassau Mountains during the 1948-1949 Suriname expedition

  representatives on the negative side, followed by representatives of Harttia, and finally representatives of the former Cteniloricaria except H. fowleri. The second axis split Harttia representatives on the negative side, from Harttiella and the former Cteniloricaria representatives. Three morphological groups were consequently recognised and named:Cteniloricaria, Harttia, and Harttiella groups. On the positive side of axis 1, the Cteniloricaria group corresponded to high values for maximum orbital diameter, number of plates in the lateral series, caudal peduncle length, and postdorsal length (Fig.1b). It consisted of representatives of the type species of the genus C. platystoma, different populations of H. maculata (Corantijn, Suriname, Maroni, and Mana Rivers) and a population from Paru de Oeste River. On the second axis, the Harttia group was characterized by high negative values for the number of dentary teeth, number of premaxillary teeth, body width at eighth postdorsal plate, body width at anal-fin origin, and body width at fourteenth postdorsal plate (Fig.1b).

Figure 1 .

 1 Figure 1. -Principal Components Analysis of the morphometric data table of Guianese Harttiini computed using the correlation matrix on log ratio transformed measurements and untransformed counts. A: Projection of the 618 individuals onto the first factorial plane of the PCA; populations and species labelled as in tables II and V, and the list of material. B: Correlation circle of the 32 morphometric variables labelled as in table I. Axis 1 horizontal, and axis 2 vertical. C: Eigenvalues.

  including a single ambiguity (Y in position 81 of the COI sequence of C. maculata fromSuriname River). No insertions, deletions, or stop codons were observed in any sequence. The global base composition was: A = 0.242, T = 0.290, G = 0.180, and C = 0.288. The 2 test of heterogeneity of nucleotide frequencies among OTUs failed to reject the null hypothesis ( 2 = 18.44, p-value = 1) implying that the data set is not at base composition equilibrium. A slight tendency toward AT enrichment was present in the data since the GC content per sequence (Tab. II) was always below 0.5 (mean = 0.468±0.012). In first codon position (GC1) the GC content reached a mean value of 0.538±0.009, versus 0.440±0.00077 in second position (GC2), and 0.426±0.034 in third position (GC3). The maximum in GC content was thus observed in first position, with a mean value above 0.5, whereas a minimum was reached in third position with a significant enrichment in AT bases (0.574). The test on the Index of substitution saturation (Iss) resulted in Iss significantly smaller than Iss.c assuming both a symmetrical and an asymmetrical topology, implying little saturation in the data. The NJ tree reconstruction computed with the K2P distance matrix grouped the different species and populations within three clusters corresponding to the Harttiella, Cteniloricaria, and Harttia

Figure 2 .

 2 Figure 2. -Analysis of the 42 DNA barcodes of Guianese Harttiini. A: NJ tree reconstructed from the K2P distances matrix computed on 594 bases of the mitochondrial COI gene; numbers above branches indicate bootstrap support using 9,999 pseudoreplicates; scale indicates K2P distances; tips labelled as in table II and the list of material. B: Levelplot of the ordinated K2P matrix; scale indicates the levels of variation in K2P distances. C: Histogram of variation of the K2P distances using 861 paiwise comparisons; scale indicates the frequencies of pairwise comparisons in a definite range. D: Principal coordinates analysis of the K2P matrix; taxa labelled as in tables II and V, and the list of material.

  = 15.8207, p-value = 0.0004), the first position ( 2 K-W = 11.9222, p-value = 0.0026), and the third position (2K-W = 18.6343, p-value < 0.0001), but no significant difference was highlighted for the second position (2K-W = 5.8333, p-value = 0.0541). Concerning the global GC content, a significant difference was detected between Harttia and Cteniloricaria + Harttiella groups, with Harttia having a smaller GC content [mean = 0.442±0.007 versus 0.470±0.004 in Cteniloricaria (Wilcoxon test: W = 0, p-value = 0.0024) and 0.472±0.003 in Harttiella (W = 0, p-value < 0.0001)]. No significant difference was recorded between Cteniloricaria and Harttiella (W = 69, p-value = 0.4351). In the first position, Cteniloricaria possessed a greater GC1 content (mean = 0.548±0.008) than Harttia [mean = 0.530±0.003 (W = 0, p-value = 0.0017)] and Harttiella [mean = 0.537±0.007 (W = 146.5, p-value = 0.003)], whereas no difference in GC1 was found between Harttia and Harttiella (W = 48, p-value = 0.0789). In the third position, GC3 content was highly variable between groups with a significantly smaller GC3 in Harttia [mean = 0.357±0.013 versus 0.423±0.011 in Cteniloricaria (W = 0, p-value = 0.0025), and 0.439±0.016 in Harttiella (W = 0, p-value < 0.0001)]. Moreover, the GC3 content was significantly lower in Cteniloricaria than in Harttiella (W = 37.5, p-value = 0.0153).

Figure 3 .

 3 Figure 3. -Principal Components Analysis of the ecology-distribution data of Guianese Harttiini using the NIPALS algorithm for missing data. A: Projection of the 88 individuals onto the first factorial plane of the PCA; populations and species labelled as in tables II and V, and the list of material. B: Correlation circle of the 4 ecological and 3 distributional variables: biotope: type of biotope 1 = creek, 2 = river; Temp: temperature in degrees Celsius; pH: potential Hydrogen; Cond: conductivity in μS.cm -1 ; Lat: latitude in decimal degrees; Long: longitude in decimal degrees; Alt: altitude in meters above sea level. Axis 1 horizontal, and axis 2 vertical. C: Eigenvalues.

  maculata from Crique Aya. The second unstable position between the three tables and the compromise concerned H. fowleri which stayed distinct but close to Harttia. Correlations with MCOA axes (Fig.4b) allow identification of the most important variables. On axis 1 these variables corresponded, in decreasing order of scores (absolute values for negative scores), to: the altitude, conductivity, longitude, interobital width, minimum caudal-peduncle depth, pre-dorsal length, head depth, head depth at internostril, anus to tip of snout length, anus to pectoral-fin origin length, thoracic length, pelvic-spine length, distal end of operculum to tip of snout length, body depth at dorsal-fin origin, snout length, head length, cleithral width, and latitude in negative values, and to the: first principal coordinate of PCoA, biotope, temperature, number of plates in the lateral series, postdorsal length, caudal-peduncle length, number of lateral abdominal plates, and maximum orbital diameter in positive values. On the second axis the variables with greater scores corresponded to the second principal coordinate of the PCoA in negative values, and in decreasing order to the: body width at anal-fin origin, body width at eighth postdorsal plate, number of dentary teeth, number of premaxillary teeth, and anus to pelvic-fin origin length in positive values (Tab. IV). The Abouheif's tests identified a significant positive phylogenetic autocorrelation for the first two axes of MCOA (C-mean 1 = 0.8284, p-value = 0.0001; C-mean 2 = 0.6907, p-value = 0.0001). No significant phylogenetic dependence was recovered on other axes that were

Figure 4 .

 4 Figure 4. -Multiple co-inertia analysis. Projection of data coordinates of preliminary analyses (PCoA of genetic data and PCAs of morphological and ecology-distribution data) onto axes 1 and 2 of the multiple coinertia analysis. A: Reference structure (labels) and superimposed normalized individuals' scores of preliminary analyses (dots) in the multiple co-inertia plane; populations and species labelled as in tables II and V, and the list of material. B: Coordinates of the variables in the first multiple co-inertia plane (labelled as in Tab. IV). C: Eigenvalues of the multiple co-inertia analysis.

  : Eigenmann 1912: 251; Rapp Py-Daniel and Oliveira 2001: 80, Provenzano et al. 2005: 521; Covain et al. 2006: 17. Parasturisoma maculataBoeseman, 1971: 33, pl. 5. Type locality: Sipaliwini, near airstrip, upper Corantijn River basin, Surinam. Holotype: RMNH 26381.

Figure 5 .

 5 Figure 5. -Geographic distribution of Guianese Harttiini; circled symbols refer to type localities. The map takes into account present results and updates previous records and known distributions accordingly.

Figure 6 .

 6 Figure 6. -Cteniloricaria napova, holotype, MZUSP 108146, 113.20 mm SL, Sipaliwini Savannah in Trio Amerindian territory at the Suriname-Brazil border, Four Brothers Mountains in a tributary of the Paru de Oeste River.

  size [mean = 25.00±1.51% of SL versus 23.70±1.35 (HSD, p-value < 0.0001) and 21.13±1.18 (HSD, p-value < 0.0001) in Harttia and Cteniloricaria respectively]; greater predorsal length [mean = 37.56±1.66% of SL versus 32.64±1.10 (HSD, p-value < 0.0001) and 29.99±0.91 (HSD, p-value < 0.0001) in Harttia and Cteniloricaria respectively], abdominal length [mean = 18.89±1.30% of SL versus 17.83±1.09 (HSD, p-value < 0.0001) and 16.61±1.02 (HSD, pvalue < 0.0001) in Harttia and Cteniloricaria respectively], thoracic length [mean = 20.78±2.27% of SL versus 17.61±0.92 (HSD, p-value < 0.0001) and 15.99±0.94 (HSD, pvalue < 0.0001) in Harttia and Cteniloricaria respectively], pelvic-spine length [mean = 22.11±2.60% of SL versus 18.75±1.26 (HSD, p-value < 0.0001) and 18.06±0.99 (HSD, pvalue < 0.0001) in Harttia and Cteniloricaria respectively], anal-spine length [mean = 16.58±1.76% of SL versus 12.80±1.02 (HSD, p-value < 0.0001) and 14.40±1.19 (HSD, pvalue < 0.0001) in Harttia and Cteniloricaria respectively], anus to pelvic-fin origin length [mean = 11.36±1.60% of SL versus 10.76±0.89 (HSD, p-value = 0.0003) and 8.76±0.59 (HSD, p-value < 0.0001) in Harttia and Cteniloricaria respectively], anus to pectoral-fin origin length [mean = 31.09±3.13% of SL versus 26.26±1.12 (HSD, p-value < 0.0001) and 23.35±0.94 (HSD, p-value < 0.0001) in Harttia and Cteniloricaria respectively], and anus to tip of snout length [mean = 47.03±2.92% of SL versus 40.55±1.35 (HSD, p-value < 0.0001) and 36.83±0.90 (HSD, p-value < 0.0001) in Harttia and Cteniloricaria respectively]; a wider body at dorsal-fin origin [mean = 20.25±2.89% of SL versus 18.78±1.39 (HSD, p-value < 0.0001) and 14.66±0.90 (HSD, p-value < 0.0001) in Harttia and Cteniloricaria respectively]; a deeper body at dorsal-fin origin [mean = 12.13±2.38% of SL versus 8.75±0.83 (HSD, pvalue < 0.0001) and 9.22±1.00 (HSD, p-value < 0.0001) in Harttia and Cteniloricaria respectively], and deeper caudal peduncle [mean = 3.75±0.99% of SL versus 1.41±0.14 (HSD, p-value < 0.0001) and 1.13±0.09 (HSD, p-value < 0.0001) in Harttia and Cteniloricaria respectively]; a longer snout [mean = 59.39±3.34% of HL versus 56.32±2.95 (HSD, p-value < 0.0001) and 53.52±3.07 (HSD, p-value < 0.0001) in Harttia and Cteniloricaria respectively]; a wider head [mean = 99.62±6.94% of HL versus 93.77±6.74 (HSD, p-value < 0.0001) and 82.76±4.93 (HSD, p-value < 0.0001) in Harttia and Cteniloricaria respectively]; a greater distance from the distal end of operculum to tip of snout [mean = 84.71±3.67% of HL versus 79.87±2.53 (HSD, p-value < 0.0001) and 77.77±2.25 (HSD, p-value < 0.0001) in Harttia and Cteniloricaria respectively], and interorbital width [mean = 35.29±2.12% of HL versus 22.53±1.34 (HSD, p-value < 0.0001) and 22.43±1.15 (HSD, p-value < 0.0001) in Harttia and Cteniloricaria respectively]; a deeper head [mean = 46.09±4.12% of HL versus 36.94±2.72 (HSD, p-value < 0.0001) and 40.93±2.83 (HSD, p-value < 0.0001) in Harttia and Cteniloricaria respectively], and greater head depth at internostril [mean = 34.16±2.83% of HL versus 28.90±2.62 (HSD, p-value < 0.0001) and 29.62±2.55 (HSD, p-value < 0.0001) in Harttia and Cteniloricaria respectively].123The following combination of characters also differentiates the genus: abdomen naked with exception of lateral abdominal plates and, rarely, preanal plates; small size (largest known specimen reached 52.46mm SL); body densely covered by odontodes; subpreopercle not exposed; lateral plates not keeled.Within the Harttiella group, significant morphological structures were recovered by axes one and two of the PCA (2K-W = 181.7766, p-value < 0.0001; 2 K-W = 137.4764, p-value < 0.0001), as well as deep genetic divergences (0 K2P 0.119). Two main morphological tendencies were highlighted on both axes by the morphometric study, with on one hand stockier forms constituting a first group named the crassicauda group, and on the other hand slender representatives forming a second group named the longicauda group (W = 37, p-value < 0.0001; W = 1321, p-value < 0.0001). The crassicauda group included the type species H. crassicauda and populations from the Kotika, Atachi Bakka and Trinité Mountains. The four populations constituting the crassicauda group were morphologically significantly distinct (2K-W = 56.3771, p-value < 0.0001; 2 K-W = 15.6406, p-value = 0.0013 for axis 1 and 2 respectively), and possessed deep genetic divergences (0.031 K2P 0.051) of interspecific level for the three barcoded populations. These four populations therefore constitute distinct species. Surprisingly, the population from Trinité Mountains that belonged to the crassicauda group, displayed almost no genetic divergence with populations from Crique Aya, and Cascades (from 0.003 to 0.005 K2P divergence respectively) both belonging to the longicauda group, whereas it showed strong morphological differences to them (W = 7, pvalue = 0.0004; W = 31, p-value = 0.0027 for axes 1 and 2). The genetic divergence between Aya and Cascades was 0.0017 implying populational variations. Little morphometric variation was nevertheless recorded for the first axis but not for the second (2K-W = 6.5204, pvalue = 0.0384; 2 K-W = 0.5922, p-value = 0.7437), and included three populations: Crique Aya (Mana drainage), Crique Cascades (Approuague drainage), and Crique Coeur Maroni (Sinnamary drainage). Within the longicauda group, the populations from Lucifer massif (Mana drainage) and Crique Limonade (Maroni drainage) possessed very similar mitochondrial signature (0 K2P 0.002) as well as little morphological differentiation on the first axis (W = 14, p-value = 0.0077; W = 38, p-value = 0.3917). These two populations correspond thus to a single species that possesses the strongest genetic divergence with congeneric representatives(0.112 K2P 0.119). The population from Crique Grillon (Orapu drainage) appeared genetically closer to representatives of the crassicauda group (mean K2P divergence to crassicauda group = 0.039 versus 0.090 with representatives of the longicauda group). All genetic variations corresponded to the between species level (> 0.03). Significant morphological tendencies were also highlighted by the PCA between the population from Orapu and those from Aya, Cascades, and Coeur Maroni creeks (W = 222, p-value = 0.0408; W = 122, p-value = 0.0005 for the two first axes). Nevertheless, this population appeared morphologically close to the forms from Lucifer massif and Crique Limonade (W = 131, pvalue = 0.8848 for axis 1, W = 188, p-value = 0.023 for axis 2).

  congeners; (HSD, p-values < 0.0067), and mean = 34.24±1.67% of SL in H. janmoli (HSD, pvalue = 0.0179)]. K2P distances to congeneric species ranged between 0.031 and 0.119 according to the species. No differences (K2P = 0) were recorded between the two barcoded populations of Paramaka Creek. The general appearance of the species is broad, with a triangular head, and a short and thick caudal peduncle. The background colouration in dorsal view is brown, generally with five narrow dark brown transverse bands posterior to dorsal-fin insertion. Some indistinct dark spotting may also be present between the postdorsal bands.

  Covain and Fisch-Muller, new species (Figs. 7, 5, Tabs. I, II) Holotype MHNG 2724.004 (ex MHNG 2682.055, specimen GF06-338), 39.91 mm SL, French Guiana, Tortue Mountains, Orapu River drainage in Crique Grillon at the ONF camp, Covain et al., 8 Nov. 2006. Paratypes MNHN 2011-0018 (4, ex MHNG 2682.055); MHNG 2682.055 (4); NZCS F7072 (1, ex MHNG 2682.055); same data as holotype. MHNG 2724.002 (1), French Guiana, Tortue Mountains, Orapu River drainage in Crique Grillon at the ONF camp, Vigouroux et al., 7 Nov. 2003.

Figure 7 .

 7 Figure 7. -Harttiella pilosa, holotype, MHNG 2724.004, 39.91 mm SL, French Guiana, Tortue Mountains, Orapu River drainage in Crique Grillon at the ONF camp.

  Snout tip naked.Mouth elliptic with large and thick upper and lower lips. One buccal papilla. Surface of lips papillose, with numerous papillae. Distal margin of the lower lip fringed with minute triangular papillae. Maxillary barbel minute. Teeth numerous ( 40 per jaw), pedunculated and arranged in a single, comblike row. Subpreopercle not visible in ventral view. Abdomen naked except for lateral abdominal plates, and sometimes preanal plates in larger specimens.Six to 8 (modally 6) lateral abdominal plates, plates keeled but not sharp. Twenty-six plates in median lateral series, plates not coalescing. Dorsal-fin origin more or less in front of pelvic-fin insertion. Dorsal and pectoral fins with i,6 rays. Pectoral spine longer than soft rays, reaching slightly beyond pelvic-fin origin.Pelvic fin with i,5 rays; spine longer, reaching anal-fin origin. Anal fin with i,4 rays, spine longer. Caudal fin truncated with i,12,i rays.ColourationIn alcohol, background colour of dorsal surface of head and body greyish brown with 4 to 5 dark saddles posterior to dorsal-fin origin. On side of body, saddles have form of indistinct blotches. Anterior part of body darker. Ventral surface lighter. Lower caudal peduncle dingy off-yellow with dark marks. Black blotch at base of anal and pelvic fins. Fin rays yellowish tan with dark brown spots. Fins membranes hyaline. Caudal fin with indistinct dark markings.

  Covain and Fisch-Muller, new species (Figs. 8, 5, Tabs. I, II) Holotype MNHN 2011-0019 (ex MHNG 2723.093, specimen MUS-607), 29.54 mm SL, French Guiana, Atachi Bakka Mountains, Maroni River drainage, Gaucher, June 2009. Paratypes MNHN 2011-0020 (2, ex MHNG 2723.093); MHNG 2723.093 (3), same data as holotype.

Figure 8 .

 8 Figure 8. -Harttiella parva, holotype, MNHN 2011-0019, 29.54 mm SL, French Guiana, Atachi Bakka Mountains, Maroni River drainage.

  tip naked. Mouth elliptic with large upper and lower lips. One buccal papilla. Surface of lips papillose, with numerous papillae. Distal margin of the lower lip fringed with minute triangular papillae. Maxillary barbel minute. Teeth numerous ( 40 per jaw), pedunculated and arranged in a single, comblike row. Subpreopercle not visible in ventral view. Abdomen naked except for lateral abdominal plates. Five to 7 (modally 6) lateral abdominal plates, plates keeled but not sharp. Twenty four to 25 (modally 25) plates in median lateral series, plates not coalescing. Dorsal fin originates more or less in front of pelvic-fin insertion. Dorsal and pectoral fins with i,6 rays. Pectoral spine longer than soft rays, S shaped, reaching slightly beyond pelvic-fin origin. Pelvic fin with i,5 rays; spine longer, reaching beyond anal-fin origin. Anal fin with i,4 rays, spine longer. Caudal fin truncated with i,12,i rays.

  Figure 9. -Harttiella intermedia, holotype, MNHN 2011-0021, 34.67 mm SL, French Guiana, Sinnamary River drainage, Tabular Mountain of Trinité massif, Crique Grand Leblond.

  Mouth elliptic with large upper and lower lips. One buccal papilla. Surface of lips papillose, with numerous papillae. Distal margin of the lower lip fringed with minute triangular papillae. Maxillary barbel minute. Teeth numerous ( 50 per jaw), pedunculated and arranged in a single, comblike row. Subpreopercle not visible in ventral view. Abdomen naked except for lateral abdominal plates. Five to 8 (modally 6) lateral abdominal plates, plates keeled but not sharp. Twenty four to 25 (modally 25) plates in median lateral series, plates not coalescing. Dorsal-fin origin more or less in front of pelvic-fin insertion. Dorsal and pectoral fins with i,6 rays. Pectoral spine longer than branched rays, straight, reaching beyond pelvic-fin origin. Pelvic fin with i,5 rays; spine longer, reaching beyond anal-fin origin. Anal fin with i,4 rays, spine longer. Caudal fin truncated with i,12,i rays.

  Covain and Fisch-Muller, new species (Figs. 10, 5, Tabs. I, II) Holotype MNHN 2011-0023 (ex MHNG 2721.088 specimen GF10-034), 42.68 mm SL, French Guiana, Mana River drainage, Lucifer Mountains, West of Crique Cascade, 4°47'44.7''N, 53°55'49.4''W, alt. 450 m, Montoya-Burgos and Fischer, 10 Feb. 2010. Paratypes MNHN 2011-0024 (4, ex MHNG 2721.088); MHNG 2721.088 (4); NZCS F7073 (1, ex MHNG 2721.088), same data as holotype. MNHN 2011-0025 (3, ex MHNG 2721.091), MHNG 2721.091 (3), NZCS F7074 (1, ex MHNG 2721.091), French Guiana, Mana River drainage, headwater of a creek in Lucifer massif flowing toward Citron, 4°45'54''N 53°56'14.9''W, alt. 365 m., Montoya-Burgos and Fischer, 11 Feb. 2010. MNHN 2011-0026 (4, ex MHNG 2712.085 specimens), MHNG 2712.085 (4), French Guiana, Maroni River drainage, Galbao Mountains in a tributary of Crique Limonade, 3°35'56.6''N 53°15'12.6''W, alt. 202 m., Tostain, 18 Mar. 2008. Diagnosis No unique character distinguishes Harttiella lucifer from all other congeneric species (Tab. V) except its barcode sequence, the most divergent of all Harttiella representatives (JF292286 to JF292296). Compared to congeneric species of the crassicauda group except H. intermedia, H. lucifer possesses a longer caudal peduncle [mean = 44.26±1.48% of SL versus 36.14±1.66 < mean < 40.36±1.06% of SL; (HSD, p-values < 0.0001)]. Compared to other representatives of the longicauda group, H. lucifer is characterized by a greater cleithral width [mean = 101.65±3.28% of HL versus 94.50±4.00 < mean < 95.78±4.04% of HL; (HSD, p-
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 10 Figure 10. -Harttiella lucifer, holotype, MNHN 2011-0023, 42.68 mm SL, French Guiana, Mana River drainage, Lucifer Mountains, West of Crique Cascade.

  Mouth elliptic with large upper and lower lips. One buccal papilla. Surface of lips papillose, with numerous papillae. Distal margin of the lower lip fringed with minute triangular papillae. Maxillary barbel minute. Teeth numerous ( 45 per jaw), pedunculated and arranged in a single, comblike row. Subpreopercle not visible in ventral view. Abdomen naked except for lateral abdominal plates. Four to 8 (modally 6) lateral abdominal plates, plates keeled but not sharp. Twenty five to 27 (modally 26) plates in median lateral series, plates not coalescing. Dorsal-fin origin more or less in front of pelvic-fin insertion. Dorsal and pectoral fins with i,6 rays. Pectoral spine longer than soft rays, slightly curved, reaching beyond pelvic-fin origin. Pelvic fin with i,5 rays; spine longer, reaching beyond anal-fin origin. Anal fin with i,4 rays, spine longer. Caudal fin truncated with i,12,i rays.

  Covain and Fisch-Muller, new species (Figs. 11, 5, Tabs. I, II) Holotype MNHN 2011-0027 (ex MHNG 2699.070 specimen GF07-049), 52.46 mm SL, French Guiana, Trinité Mountains, Mana River drainage, in a tributary of Crique Baboune, Crique Aya around 100m in front of Aya Camp, 4°36'11''N, 53°25'04''W, alt. 122 m, Montoya-Burgos and Melki, 28 Nov. -4 Dec. 2007. Paratypes MNHN 2011-0028 (23, ex MHNG 2699.070); MHNG 2699.070 (23); NZCS F7075 (2, ex MHNG 2699.070); ANSP 190961 (2, ex MHNG 2699.070); MZUSP 108148 (2, ex MHNG 2699.070), same data as holotype. MNHN 2011-0029 (2, ex MHNG 2699.098); MHNG 2699.098 (2), French Guiana, Trinité Mountains, Mana River drainage, in a tributary of Crique Aya at foot of the inselberg, N4°36'33'' W53°24'46'', alt. 149 m, Montoya-Burgos and Melki, 28 Nov. -4 Dec. 2007. MNHN 2011-0030 (8, ex MHNG 2723.094); MHNG 2723.094 (8), French Guiana, Balenfois Mountains, Approuague River drainage, around 1 km upstream of Nouragues camp, Crique Cascades, Gaucher, Feb. 2008. MHNG 2723.095 (1, ex MHNG 2643.030), French Guiana, Sinnamary River drainage, at mouth of Crique CoeurMaroni, Le Bail et al., 15 Oct. 1982 or 2 Feb. 1983. 

Figure 11 .

 11 Figure 11. -Harttiella longicauda, holotype, MNHN 2011-0027, 52.46 mm SL, French Guiana, Trinité Mountains, Mana River drainage, in a tributary of Crique Baboune, Crique Aya around 100 m in front of Aya Camp.

  Figure 12. -Harttiella janmoli, holotype MNHN 2011-0031, 47.13 mm SL, French Guiana, Maroni River drainage, Kotika Mountain.

  Steindachner, 1877 Harttia Steindachner, 1877: 668. Type species: Harttia loricariformis Steindachner, 1877. Type by monotypy. Gender: Feminine. Harttia is significantly distinguished from all other Guianese Harttiini by 29 morphometric variables (Tab. V) among which, six possessed very strong loadings onto PCA axes (Fig. 1b). Harttia is diagnosed from other Guianese Harttiini by a wider body at anal-fin origin [mean = 14.98±1.44% of SL versus 13.50±1.43 (HSD, p-value < 0.0001) and 12.02±1.03 (HSD, p-value < 0.0001) in Harttiella and Cteniloricaria respectively], at eighth postdorsal plate [mean = 12.28±1.50% of SL versus 10.59±1.29 (HSD, p-value < 0.0001) and 9.30±0.95 (HSD, p-value < 0.0001) in Harttiella and Cteniloricaria respectively], and at fourteenth postdorsal plate [mean = 5.27±0.81% of SL versus 4.76±0.77 (HSD, p-value < 0.0001) and 3.96±0.46 (HSD, p-value < 0.0001) in Harttiella and Cteniloricaria respectively]; a greater nostril to tip of snout length [mean = 42.45±2.47% of HL versus 41.74±2.23 (HSD, p-value < 0.0001) and 38.98±2.71 (HSD, p-value < 0.0001) in Harttiella and Cteniloricaria respectively]; and more numerous premaxillary [mean = 80±17 versus 34±8 (HSD, p-value < 0.0001) and 40±12 (HSD, p-value < 0.0001) in Harttiella and Cteniloricaria respectively] and dentary teeth [mean = 78±17 versus 33±8 (HSD, p-value < 0.0001) and 39±10 (HSD, p-value < 0.0001) in Harttiella and Cteniloricaria respectively].

  17.9322, p-value = 0.0001; 2 K-W = 14.1004, p-value = 0.0009), whereas slight genetic differences of populational level were obtained between H. surinamensis and the population from Coppename River (K2P = 0.012), and deep divergences of between species level between H. surinamensis and the population of Paru de Oeste River (K2P = 0.07).Nevertheless no morphometric differences were found between Coppename and Paru de Oeste populations (W = 358, p-value = 0.5305; W = 280, p-value = 0.415), even though these two populations diverged from a K2P distance of 0.068. Moreover, significant differences in shape were recovered by both axes between H. surinamensis and the population of Coppename River on one hand (W = 1138, p-value = 0.0027; W = 1175, p-value = 0.0008), and the population of Paru de Oeste on the other hand (W = 1344, p-value = 0.0002; W = 1209, p-value = 0.0111). These three populations represent distinct species, with the one from Coppename River sharing the morphology of the species from Paru de Oeste, and possessing a mitochondrial signal close to the one of H. surinamensis. Harttia fowleri does not possess strong morphometric differences compared to other Harttia (W = 2002, p-value = 0.9877; W = 2498, p-value = 0.0298). Nevertheless, it possesses the strongest genetic divergences, with K2P distances ranging between 0.176 and 0.190. Harttia guianensis Rapp Py-Daniel and Oliveira, 2001 (Supplementary material S5) Harttia guianensis Rapp Py-Daniel and Oliveira, 2001:88, Fig. 6. Type locality: Approuague River, Saut Athanase, 4°11'N, 52°19'W, French Guiana. Holotype: MNHN 1998-0395.

.

  Harttia guianensis is distinguished from congeneric species by five morphometric variables (Tab. V). Harttia guianensis possesses a longer caudal peduncle [mean = 48.73±1.29% of SL versus 46.54±1.17 < mean < 47.67±1.04% of SL; (HSD, pvalues < 0.0002)]; a smaller anus to tip of snout length [mean = 39.60±1.15% of SL versus 40.74±0.70 < mean < 41.84±1.02% of SL; (HSD, p-values < 0.0001)]; a shorter snout [mean = 54.51±2.03% of HL versus 56.52±2.01 < mean < 58.89±5.12% of HL; (HSD, p-values < 0.0001)]; and a smaller nostril to tip of snout length [mean = 41.04±1.85% of HL versus 42.42±2.21 < mean < 43.94±1.69% of HL; (HSD, p-values < 0.0003)], and head depth [mean = 35.27±2.23% of HL versus 36.52±1.80 < mean < 39.75±2.37% of HL; (HSD, p-values < 0.0254)]. K2P distances to congeneric species ranged from 0.064 to 0.183 according to the population. Its colouration confers it camouflage with rocks in its natural habitat, making it difficult to observe (Supplementary material S6

  guianensis and H. fowleri[mean = 12.35±1.63% of SL versus 11.69±1.32 < mean < 11.82±1.25% of SL; (HSD, 0.0113< p-values < 0.0325)], and narrower compared to H. tuna and H. fluminensis n. sp. [mean = 12.35±1.63% of SL versus 13.28±1.47 < mean < 13.52±0.97% of SL; (HSD, 0.001< p-values < 0.007)]. K2P distances to congeneric species ranged between 0.064 and 0.176. Its colouration is reminiscent of the substrate, making it difficult to observe in its natural habitat (Supplementary material S6-B). The background colour of the dorsal surface is yellowish tan. Dark marbling covers the dorsal surface and five indistinct postdorsal bands are present, the last three toward the tail being more clearly marked. The eyes are copper coloured. A large deep-black band covers the basal one third of the caudal-fin surface. The caudal fin is deeply forked with the distal end of the lower lobe black, and the medial part bright yellow. A blackish thin band is present in the yellow part of the caudal fin. A black blotch is also often present on the tip of the dorsal fin. All paired fins and dorsal fin possess dark spots on the rays forming distinct stripes. The lower surface is yellowish tan. The abdominal plating is complete in specimens > 150 mm SL, but otherwise usually incomplete, and made of small granular platelets without particular organization.Ontogenetic development of the abdominal cover starts with the appearance (around 80 mm SL) of small granular platelets at the border of the preanal plates. The number of platelets increases then slowly with fish size, until establishing a connection between the preanal plates and the lateral abdominal plates (around 90 mm SL). The number of platelets then continues to increase in the preanal area, along the pelvic-fin insertion, and along the lateral abdominal plates. When the region delimited by the preanal plates, and the pelvic-fin insertion is almost wholly plated, a second transverse arch of platelets crosses the abdomen starting from the insertion of pelvic spines, or the first lateral abdominal plates (around 110 mm SL). The transverse arch becomes thicker with the increasing number of platelets. The region between the arch and the preanal area is eventually covered, and a medial row of platelets appears on the abdomen (around 140 mm SL). The number of platelets along the lateral abdominal plates continues to increase with the size of the fish, as well as in the middle part of the abdomen, making the medial row thicker. The regions delimited by the medial row, and the left and right series of lateral abdominal plates are then little by little covered by platelets, and the convergence is obtained around 180 mm SL. A stage of this developmental pattern is present in almost all specimens of H. surinamensis, but the size to which the abdomen appears wholly platted is highly variable among individuals. Harttia surinamensis has usually 29 plates in the lateral series, these plates keeled and coalescing toward the 19 th to 22 nd plates. The caudal peduncle becomes abruptly more compressed after the confluence of plates. The head is large, with a large elliptic mouth with papillose lips. The subpreopercle is well exposed, triangular, and covered by odontodes. The teeth are numerous (approximately 80 on each jaw), pedunculated, and arranged in two staggered, comblike rows. Sexual dimorphism consists of the hypertrophy of odontodes on the upper surface of the thickened pectoral spines in mature males. Harttia surinamensis is restricted to the Suriname River (Fig.5) where it frequents the main channel over rocky and sandy bottoms, in fast flowing waters.The species is locally very abundant, and is often syntopic with C. platystoma.Harttia fluminensisCovain and Fisch-Muller, new species (Figs. 13, 5, Tabs. I, II) Holotype MHNG 2724.003 (ex MHNG 2690.013, specimen SU01-458), 151.14 mm SL, Suriname, Coppename River at Raleighvallen, Mol, 30 Nov. 2006. Paratypes MHNG 2690.013 (14); MNHN 2011-0033 (2, ex MHNG 2690.013); same data as holotype. MHNG 2690.012 (6); NZCS F7077 (1, ex MHNG 2690.012), Suriname, Coppename River at Raleighvallen, Mol, 29 Nov. 2006.

  52±1.80% of HL (HSD, p-value < 0.0001)], and from H. trombetensis by colour pattern of caudal fin (a large dark band at base of caudal fin, versus a dark rounded blotch). Additionally H. fluminensis is distinguished from all other congeneric species by two morphometric variables (Tab. V). Harttia fluminensis possesses a greater minimum caudal peduncle depth [mean = 1.60±0.11% of SL versus 1.35±0.13 < mean < 1.43±0.11% of SL; (HSD, p-values < 0.0001)]; and a greater interorbital width [mean = 24.25±1.02% of HL versus 22.04±1.27 < mean < 23.12±1.11% of HL; (HSD, p-values < 0.028)].

Figure 13 .

 13 Figure 13. -Harttia fluminensis, holotype, MHNG 2724.003, 151.14 mm SL, Suriname, Coppename River at Raleighvallen.

  Covain and Fisch-Muller, new species (Figs. 14, 5, Tabs. I, II) Holotype MZUSP 108150 (ex MHNG 2704.029, specimen SU07-660), 170.95 mm SL, Sipaliwini Savannah in Trio Amerindian territory at the Suriname-Brazil border, Four Brothers Mountains in a tributary of the Paru de Oeste River, gift of the Trio tribe in Sipaliwini, 20-21 Oct. 2007. Paratypes MHNG 2704.029 (20); MZUSP 108151 (2, ex MHNG 2704.029); MNHN 2011-0034 (2, ex MHNG 2704.029); NZCS F7078 (2, ex MHNG 2704.029), same data as holotype.
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  widely distributed groups of the Neotropical catfish family Loricariidae: the Harttiini tribe and the Hypostomus genus. A molecular phylogeny of the Harttiini based on mitochondrial and nuclear genes has first been inferred. The resulting phylogeny indicated that the Harttiini was monophyletic and included Harttia, Harttiella, and Cteniloricaria. This phylogeny was then compared to a previously published phylogeny of Hypostomus. The RLQ analysis highlighted a strong spatial co-structure of both trees implying a common co-dispersion of species between the Amazonian and Southeastern regions. The molecular dating provided for this dispersion event in the phylogeny of Hypostomus was accordingly used to calibrate the tree of Harttiini. The subsequent dating estimated for the phylogeny of Harttiini meets generally those of Hypostomus. An explosive radiation is revealed at base of both lineages, followed by intensive diversification throughout the Miocene period. These similar patterns suggest a common temporal context in the dispersion and diversification processes of both lineages. Despite local effects, a common global factor related to the sea level fluctuations can explain such diversification.

  demonstrated that Loricariinae formed the sister clade of Hypostominae. They represent a highly diversified subfamily comprising 230 species for 32 genera(Rodriguez et al., in press; Covain et al., in press) distributed in two tribes: the Harttiini and the Loricariini.The Harttiini comprises rheophilic fishes mainly distributed in the eastern part of South America, in rivers flowing the Brazilian and Guiana Shields. Probably due to lack of obvious morphological characteristics, the systematics of Harttiini remains unclear and controversial.Isbrücker (1979), made a first tentative to classify Loricariinae on the basis of external morphological characters, but without phylogenetic inferences. He placed Sturisoma,Harttia, Lamontichthys, Harttiella, Pterosturisoma, Cteniloricaria, Sturisomatichthys, and Metaloricaria within Harttiini, and defined this tribe in having the dorsal-fin originating approximately opposite to the pelvic-fins origin, the caudal fin with 12 (rarely 11) soft rays, no orbital notch, and a poor diversity in lips and teeth structure.Montoya-Burgos et al. (1998) proposed the first molecular phylogeny of the family Loricariidae with emphasis on the subfamily Hypostominae. Although, their analysis included only nine representatives of the subfamily Loricariinae, they provided first evidences that Harttiini, as defined byIsbrücker (1979), represented a paraphyletic assemblage.Isbrücker (in Isbrücker et al., 2001) described Quiritixys only based on the unusual sexual dimorphism of Harttia leiopleura. Rapp Py-Daniel andOliveira (2001) described seven species of Harttia, and put Cteniloricaria in the synonymy of Harttia.Ferraris (2003; 2007) maintained the validity of Cteniloricaria, and put Quiritixys in the synonymy of Harttia.Provenzano et al. (2005),Covain et al. (2006), andCovain and Fisch-Muller (2007) maintained Ctenilolicaria into the synonymy of Harttia.Covain et al. (2008) proposed the first molecular phylogeny of the subfamily, and redefined the systematics of the Loricariinae, restricting Harttiini to Harttia. Covain and Fisch-Muller (2007) tentatively placed the monotypic genus Harttiella into Harttiini due to its close resemblance to Harttia, suggesting Harttiella as a dwarf form closely related to Harttia. At the same time, they voiced doubts concerning the synonymy of Quiritixys with Harttia, this group of species representing also dwarf forms from the Brazilian Shield potentially related to

  a recent assessment about the diversity of Harttiini within the Guianas, Covain et al. (in press) recognized 14 species of Harttini distributed in three genera: Harttia (5 species), Cteniloricaria (2 species), and Harttiella (7 species). These authors placed C. fowleri into Harttia and voiced doubts concerning the monophyly of the genus due the scattered position of H. fowleri, out of its Guianese counterparts. Nevertheless, no phylogenetic analysis was performed in this study. The confused systematics of Harttiini has first been clarified to assess the monophyly of Harttia, Harttiella, and Cteniloricaria, and the validity of Quiritixys. Then spatial and temporal patterns of diversification of the tribe at a continental scale have been inferred in the light of the phylogeography of Hypostomus.

  for partial 12S and 16S, andChiachio et al. (2008) for F-RTN4. To amplify the complete 12S gene, two additional primers were designed: Phe-L941: 5'-AAA TCA AAG CAT AAC ACT GAA GAT G 3', and Val-H2010: 5'-CCA ATT TGC ATG GAT GTC TTC TCG G 3'. The amplifications were performed in a total volume of 50 l, containing 5 l of 10x reaction buffer, 1 l of dNTP mix at 10mM each, 1 l of each primer at 10 M, 0.2 l of Taq DNA Polymerase equivalent to 1 unit of Polymerase per tube, and 1 to 4 l of DNA. Cycles of amplification were programmed with the following profile: (1) 3 min. at 94°C (initial denaturing), (2) 35 sec. at 94°C, (3) 30 sec. at 51°C, (4) 80 sec. at 72°C, and (5) 5 min. at 72°C (final elongation).

  nuclear gene F-RTN4 for 52 representatives of putative Harttiini. Other sequences for twenty representatives of Loricariinae representing 14 genera, Ancistrus cirrhosus and Pseudorinelepis genibarbis were obtained from GenBank using the accession numbers given in Covain et al. (2008), Chiachio et al. (2008), and Rodriguez et al. (in press). The sequence alignment included 6,931 positions from which 984 corresponded to the 12S rRNA gene, 73 to the tRNA Val gene, 1,479 to the 16S rRNA gene, 895 to the exonic regions of the F-RTN4 gene, and 3,500 to the intronic regions of the F-RTN4 gene. No significant conflicting phylogenetic signal was detected in the data set, as the ILD test failed to reject the null hypothesis of congruence between data partitions (ILD: p (X>Xobs) = 0.115), and the global CADM test rejected the null hypothesis of incongruence between matrices (CADM: W = 0.9193, 2 ref = 7245.0886, p ( 2ref 2*) = 0.0001). The CADM a posteriori tests did not detect any conflicting matrix in the data ( S r mitochondrion = 0.8669287, p (

(clade 1 )

 1 including the genus Harttia, Cteniloricaria, Harttiella, and the type species of Quiritixys, and the Loricariini (clade 2) including all other Loricariinae. The phylogenetic relationships within Loricariini were fully congruent with Covain et al. (2008), and Rodriguez et al. (in press), and are not redescribed here. Within Harttiini, the first diverging group included the species of Harttia inhabiting coastal rivers of the Guiana Shield, with the exception of H. tuna that formed the sister group of Surinamese representatives (H.

Fig. 1 .

 1 Fig.1. Maximum likelihood tree of the Loricariinae including 52 Harttiini inferred from the analysis of partial mt 12S and 16S, and F-RTN4 nuclear gene sequences(-lnL = 39708.37). The best fit substitution models used were GTR + G for mitochondrial genes and intronic regions of F-RTN4, and TN + I + G for exonic regions of F-RTN4. The GTR + G model was used for each of the three partitions for the Bayesian inference. Both reconstructions lead to equivalent tree topologies. Numbers above branches indicate bootstrap supports above 50 for the ML analysis followed by posterior probabilities above 0.5 for the Bayesian inference. Sign (-) indicates values below 50 % bootstrap and 0.5 posterior probabilities leading to polytomies in the ML bootstrap and Bayesian inference majority rule consensus trees (consensus level = 50, and 0.5 respectively). 1: Harttiini, 2: Loricariini, A: Farlowellina, B: Loricariina. Scale indicates the number of substitution per site as expected by the model.

Fig. 3 .

 3 Fig. 3. Description of the phylogenies of Harttiini and Hypostomus by the principal coordinates of their respective PCoA. a: phylogenetic tree of Harttiini in relation to individuals' scores of its PCoA (species labeled as in table 1); b: phylogenetic tree of Hypostomus in relation to individuals' scores of its PCoA (species and clades labeled as in Appendix S1). Size of circles proportional to scores, positive scores in white and negative scores in black. Letters refer to the biogeographic regions as provided in figure 6.

Fig. 4 .

 4 Fig.4. Results of the RLQ analysis. Linear combinations of PCOs of both phylogenies maximizing the spatial covariance. a: phylogenetic tree of Harttiini (R) in relation to the scores of combinations of its principal coordinates in the RLQ analysis (species labeled as in table 1), axes 1 and 2; . b: phylogenetic tree of Hypostomus (Q) in relation to the scores of combinations of its principal coordinates in the RLQ analysis (species and clades labeled as in Appendix S1), axes 1 and 2. Size of circles proportional to scores, positive scores in white and negative scores in black. Letters refer to the biogeographic regions as provided in figure6.

  East coastal rivers of Brazil, the Upper Paraná basin, and the São Francisco basin) in positive values from Guianese lineages of Harttia in negative values, whereas representatives of Hypostomus from the East coastal rivers of Brazil, the Upper Paraná basin, and the São Francisco basin in positive values were split from Amazonian representatives in negative values. In Harttiini, linear combinations of PCOs maximizing the phylogenetic spatial co-structure resulting from the RLQ analysis recovered the splitting between Guianese lineages (positive values) from Amazonian and Southeastern lineages (negative values) on the first axis (Fig. 4a). On the second axis, lineages from the Amazon (negative values) were split from the East coastal rivers of Brazil, the Upper Paraná basin, and the São Francisco basin (positive values). Concerning Hypostomus, these concerned the splitting between the D3 (positive) and D1 plus D2 (negative) clades on axis 1 of the RLQ, and the splitting between the Amazon (negative) and Upper Paraná and São

Fig. 5 .

 5 Fig. 5. Synthetic representation of the a posteriori fourthcorner testing procedure of the possible existing link between the RLQ axes and the principal coordinates describing the topologies of Harttiini and Hypostomus. Two models were used under 99,999 random permutations. A1 to A50, and A1 to A32: principal coordinates of the PCOs of the phylogenies of Harttiini (R) and Hypostomus (Q) respectively. AxcQ1 and R1, and AxcQ2 and R2: RLQ axes 1 and 2.

Fig. 6 .

 6 Fig. 6. Historical biogeography of Harttiini. Bayesian maximum clade credibility chronogram computed under the GTR + G model on the three data partitions, and dispersalvicariance analysis of Harttiini using the five geographic areas provided on the map of South America as terminals. Bars indicate confidence intervals for the aging of the nodes. Boxes indicate the inferred dates for the nodes: up: Bayesian estimations, middle: PL estimations, and down: LRMD estimations. Pie charts show probabilities of alternative reconstructed ancestral ranges. Numbers above branches indicate support value for the ancestral range reconstruction. Letters above branches refer to the reconstructed biogeographic areas.

  : C. platystoma (type species), C. maculata, and C. fowleri. Covain et al. (loc. cit.) demonstrated that C. maculata was a junior synonym of C. platystoma, and described in the same work C. napova from the Paru de Oeste River, a tributary of the Trombetas River flowing toward the Amazon. They also noted that C. fowleri possessed strong morphological and genetic divergences to other Cteniloricaria and placed temporarily the species within Harttia. Our phylogenetic reconstruction placed C. fowleri at base of the Amazonian clade of Harttia, a position strongly supported by bootstrap values and posterior probabilities. This position excludes it definitely from Cteniloricaria and it is here assigned to Harttia. The authors also voiced doubts concerning the monophyly of Harttia due to the obtained scattered position of H. fowleri in regards to other Harttia and to Cteniloricaria. Their analysis was based on DNA barcodes for an assessment of the global diversity of the Harttiini within the Guianas, and was mainly aimed as identification purposes using a phenetic approach. Based on robust phylogenetic methods, this result is confirmed in the present study, but the non significance of the constrained monophyly of Harttia with Guianese representatives forming the sister group of Amazonian + Southeastern groups, and with Harttiella or Cteniloricaria as sister taxa (

  Francisco. A second exchange within the Southeastern clade of Harttiini may be corroborated by our study. A small variation is indeed recorded on both second PCOs that are significantly linked to the second axis of the RLQ analysis. It concerns the faunal exchange between the coastal rivers of South East Brazil, particularly the Rio Paraíba do Sul, and the Upper Paraná drainage. The dispersion events reconstructed from the node leading on one side to H. carvalhoi and H. torrenticola (Paraíba do Sul and São Francisco respectively), and to H. gracilis (Upper Paraná) and H. longipinna, H. sp. Tres Marias, and H. sp. São Francisco (São Francisco) on the other side is estimated to have initiated around -5.6 to -4.7 Ma. These estimations meet the -4.2 Ma. provided by Montoya-Burgos (2003) for the faunal exchange between Paraíba do Sul (H. affinis, H. punctatus) and Ribeira de Iguape (H. sp. 1161) on one hand, and Upper Paraná (H. ancistroides) on the other hand within his clade D2. The disconnection between the coastal Paraíba do Sul and the Upper Paraná in the middle
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  The analyzed samples came from the tissue collection of the Muséum d'histoire naturelle de la Ville de Genève (MHNG); Academy of Natural Sciences, Philadelphia (ANSP); Smithsonian Tropical Research Institute (STRI), Panama; Laboratório de Biologia de Peixes, Departamento de Morfologia, Universidade Estadual Paulista, Campus de Botucatu (LBP); Auburn University, Montgomery (AUM); and Museu de Ciências e Tecnologia of the Pontifícia Universidade Católica do Rio Grande do Sul (MCP), Porto Alegre. The sequences were deposited in GenBank.

  . at 94°C (initial denaturing),(2) 35 sec. at 94°C, (3) 30 sec. at 51°C, (4) 150 sec. at 72°C, and (5) 5 min. at 72°C (final elongation). Steps 2 to 4 were repeated 35 to 39

  with four modalities: 1 = pedunculated, 2 = straight bicuspid, 3 = spoon shaped size reduced, 4 = straight bicuspid size reduced; maxillary barbels [barb] with two modalities: 1 = conspicuous, 2 = inconspicuous; rostrum [rost] with two modalities: 1 = absent, 2 = present; snout shape [snout] with two modalities: 1 = pointed, 2 = rounded; with addition of the secondary sexual dimorphism [SD] with three modalities: 1 = mainly expressed through hypertrophy of odontodes, 2 = mainly expressed through characteristics of the mouth, 3 = not expressed; the three ecological variables: main habitat [hab] with three modalities: 1 = forest creek, 2 = medium river, 3 = large river; favored substrate [sub] with five modalities: 1 = rocks, 2 = stones, 3 = sand, 4 = mud, 5 = organic; water velocity [stream] with three modalities: 1 = high, 2 = medium, 3 = low; and the ethological variable: reproductive strategy [repro] with five modalities: 1 = abdomino-lip brooder, 2 = lip brooder with support, 3 = lip brooder, 4 = cavity brooder, 5 = open water brooder. Ecological data represented extraphenotypic data whereas morphological and ethological data corresponded to intra-phenotypic data.

Fig. 1 .

 1 Fig. 1. Maximum Likelihood tree of the Loricariinae (-lnL = 116702.5) inferred from the combined analysis of sequences of partial 12S and 16S mitochondrial genes, and partial F-RTN4 nuclear gene. The models GTR + G for mitochondrial genes and intronic regions of F-RTN4, and HKY + G for exonic regions of F-RTN4 were applied for both ML and Bayesian reconstructions. Shaded regions indicate nodes with both bootstrap supports and posterior probabilities below 50 and 0.70 respectively. Stars indicate incongruence between ML and Bayesian reconstructions. 1: Harttiini; 2: Loricariini; A: Farlowellina, B: Loricariina. Scale indicates the number of substitutions per site as expected by the model.

Fig. 1 )

 1 split the Loricariinae into two highly supported lineages by both bootstrap values and posterior probabilities: the Harttiini (clade 1), and the Loricariini (clade 2). The Loricariini was divided in turn into two strongly supported clades: the Farlowellina (clade A); and the Loricariina (clade B). Within the Loricariina three main groups were found with high supports, one constituting the Loricariichthys group (sensu Covain and Fisch-Muller, 2007), a second comprising Spatuloricaria in a sister position to the Loricaria plus Pseudohemiodon groups (sensu Covain and Fisch-Muller, 2007), and a third comprising all Rineloricaria representatives. Metaloricaria is recovered at the base of the Loricariina, and the second diverging group comprised Dasyloricaria and Fonchiiloricaria, these three genera constituting basal Loricariina.

Fig. 2 .

 2 Fig. 2. Best ML tree, labelled subtree of the Harttiini tribe. Shaded regions indicate nodes with both bootstrap supports and posterior probabilities below 50 and 0.70 respectively. Stars indicate incongruence between ML and Bayesian reconstructions. Scale indicates the number of substitutions per site as expected by the model.

Fig. 3 .

 3 Fig. 3. Best ML tree, labelled subtree of the Loricariini tribe: Farlowellina subtribe. Shaded regions indicate nodes with both bootstrap supports and posterior probabilities below 50 and 0.70 respectively. Stars indicate incongruence between ML and Bayesian reconstructions. Scale indicates the number of substitutions per site as expected by the model.

Fig

  Fig. 4. Best ML tree, labelled subtree of the Loricariini tribe: Loricariina subtribe, basal Loricariina group. Scale indicates the number of substitutions per site as expected by the model.

Fig. 5 .

 5 Fig. 5. Best ML tree, labelled subtree of the Loricariini tribe: Loricariina subtribe, Rineloricaria group. Shaded regions indicate nodes with both bootstrap supports and posterior probabilities below 50 and 0.70 respectively. Stars indicate incongruence between ML and Bayesian reconstructions. Scale indicates the number of substitutions per site as expected by the model.
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 15 Loricariini, Loricariina, Loricariichthys group Within Loricariina, members of the Loricariichthys group formed a strongly supported natural grouping comprising Pseudoloricaria, Limatulichthys, Loricariichthys, and Hemiodontichthys (Fig. 6) and formed the sister group of the Loricaria-Pseudohemiodon group. Loricariichthys (including L. maculatus, type species) was found monophyletic and constituted the sister genus of all other members of its groups. The second diverging genus was made of the different populations of the monotypic Hemiodontichthys acipenserinus in a sister position to two other monotypic sister genera Pseudoloricaria and Limatulichthys. All internal relationships within the Loricariichthys group were congruent in both reconstructions and fully resolved with high statistical support.

Fig

  Fig. 6. Best ML tree, labelled subtree of the Loricariini tribe: Loricariina subtribe, Loricariichthys group. Scale indicates the number of substitutions per site as expected by the model.

  on the other side. The Loricaria group was strongly supported and comprised Loricaria (including L. cataphracta type species), Brochiloricaria, and Paraloricaria. With exceptions of L. prolixa (type species of Proloricaria) and L. apeltogaster, Loricaria formed a monophyletic group statistically highly supported. Loricaria formed the sister genus of all other representatives of its group. The sister group of Loricaria comprised Loricaria prolixa in a sister position to Brochiloricaria representatives, both in turn forming the sister group of L. apeltogater as sister species of representatives of Paraloricaria. However, except for their exclusion of Loricaria, the positions of L. prolixa and L. apeltogaster were not statistically supported. The Pseudohemiodon group was also strongly supported and comprised the trans-Andean representatives of Crossoloricaria (including C. variegata, type species) at base of the group, a position strongly supported by bootstrap supports and posterior probabilities. The second diverging group corresponded to the monotypic Planiloricaria cryptodon in a sister position to the remaining genera of the group. The third diverging group comprised the representatives of Pseudohemiodon which were found monophyletic with high statistical support. The sister group of Pseudohemiodon was also strongly supported and comprised a mix of representatives of Rhadinoloricaria, Apistoloricaria and the cis-Andean Crossoloricaria, where Rhadinoloricaria was found paraphyletic. All internal relationships were however fully resolved with strong support.

Fig. 7 .

 7 Fig. 7. Best ML tree, labelled subtree of the Loricariini tribe: Loricariina subtribe, Loricaria-Pseudohemiodon group. Shaded regions indicate nodes with both bootstrap supports and posterior probabilities below 50 and 0.70 respectively. Stars indicate incongruence between ML and Bayesian reconstructions. Scale indicates the number of substitutions per site as expected by the model.
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  quantitative data recorded on its close relative: C. cephalaspis 3.2 Characterization of phylogenetic dependence in biological traits of the Loricariinae.

(

  usually with deep postorbital notches) and the remaining Loricariina (in which the postorbital notch can be deep or week) (vector 3). The vector 6 explained the modification of the trait between members of the Loricaria group (usually with deep postorbital notch) and the Pseudohemiodon group (with weak postorbital notch). The last vector[START_REF] Harttia Tuna | holotype[END_REF] explained the modification of the postorbital notch between Loricaria (deep) and Brochiloricaria + Paraloricaria (weak). The orthogram of the presence or absence of predorsal keels [cdor] (Fig. 8-cdor) displayed a very similar evolutionary pattern compared to that of the postorbital notch by pointing out vectors 2 and 4 as explaining the variance distribution. The predorsal keels appeared between Farlowellina (absent) and Loricariina (usually present) lineages. This feature disappeared in most members of the Loricariichthys group compared to the remaining Loricariina (vector 4). The orthogram of the structure of the lip surface [lips] (Fig. 8-lips) also pointed out vectors 2, 3 and 4 as explaining the major part of the variance of the trait. From papillose in Harttiini, Farlowellina, and Rineloricaria compared to other Loricariina (vectors 2 and 3) the lip surface became smooth in members of the Loricariichthys group and filamentous in members of the Pseudohemiodon and Loricaria (except Spatuloricaria that has papillose lips) groups (vector 4). The appearance of fringed barbels [mlips] at the margin of the lower lip displayed exactly the same pattern with an orthogram (Fig. 8-mlips) pointing out vectors 2, 3 and 4 as explaining the major part of the variance. From absent or inconspicuous in Harttiini, Farlowellina, and Rineloricaria and members of the Loricariichthys group, the fringed barbels developed conspicuously in members of the Pseudohemiodon and Loricariagroups (vectors 2, 3, and 4). The mouth shape [mouth] underwent five successive modifications as suggested by the orthogram that pointed out vectors 2 to 6 as explaining the major part of the variance, and as confirmed by the cumulative orthogram that displayed a vertical arrow on the sixth vector meaning that the maximum of variation was registered for the sum of six first vectors (Fig.8-mouth). In summary, from elliptical in Harttiini and Farlowellina, the mouth became bilobate in Loricariina (vector 2). The mouth stayed bilobate in Rineloricaria, in members of the Loricariichthys and Loricaria groups(vectors 3, 4, and 5) 
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 8 sub) pointed out vectors 2, 8, and 11 as explaining the greatest part of the variance by peaking out of the confidence interval, event though numerous vectors showed departure from the null hypothesis of the absence of phylogenetic dependence. These vectors contrasted Farlowellina to Loricariina (vector 2), and particularly within Farlowellina its members of the rheophilic fauna that were Lamontichthys (vector 8) and Pterosturisoma(vector 11) that live on rocks to the remaining Farlowella, Sturisoma, and Sturisomatichthys that often live on organic substrate such as submerged branches and leaves. The orthogram of the reproductive strategy [repro] (Fig. 8-repro) pointed out vectors 3, 4, 5 and 22 as explaining the major part of the trait variance. Most of the variance was however explained by the sum of the five first vectors as attested by the cumulative orthogram. From open water brooders in Harttiini and Farlowellina, the reproduction evolved toward different strategies in Loricariina (vector 2). If Rineloricaria and Ixinandria members evolved toward a cavity brooding strategy, the remaining Loricariina adapted to mouth brooding strategies (vector 3). Members of the Loricariichthys group evolved toward lip brooding strategies whereas members of the Loricaria and Pseudohemiodon groups evolved toward an abdomino-lip brooding strategy (vector 4). Within the Loricariichthys group from strictly lip brooders, Pseudoloricaria and Limatulichthys adapted toward an alternative strategy consisting in lip brooding using a support.

Fig. 9 .

 9 Fig. 9. Multi-Scale Pattern Analysis of biological traits in Loricariinae using the orthonormal basis describing the phylogenetic tree topology as proximity matrix. a: MSPA biplot axes 1-2: superimposition of vectors describing the phylogenetic tree and biological traits; arrows represent phylogenetic vectors (V.1 to V.41); boxes represent biological traits (qualitative variables located at the average of the coordinates of their modalities); longest arrows indicate the most important regions of the phylogenetic tree explaining the traits evolution, and boxes close to these arrows indicate the traits that underwent similar evolutionary changes for these same regions of the tree. b: projection of the biological traits in the first MSPA plane (qualitative variables represented only by their different modalities). c: projection of the phylogenetic vectors in the unitary radius circle axes 1-2. d: eigenvalues of the MSPA.

Fig. 10 .

 10 Fig. 10. Molecular dating for the main evolutionary innovations in Loricariinae. Bayesian maximum clade credibility chronogram computed on the partitioned data set using the GTR + G model for mitochondrial and intronic sequences, and the HKY + G model for the exonic regions. Numbers above branches indicate the inferred dates for the nodes. Bars indicate confidence intervals for the aging of the nodes. Scale represents time in Ma. Following results of the MSPA, only nodes involving the most important traits are represented. Other nodes are collapsed for readability. The size of the clades is proportional to the number of included species. 1: Harttiini; 2: Loricariini; A: Farlowellina, B: Loricariina.

  trends of the Loricariina (strong modifications in mouth, lips, and teeth characteristics, decrease of the number of caudal-fin rays…). Metaloricaria is restricted to the Guiana Shield in rivers flowing through Suriname and French Guiana. In the same way, Dasyloricaria is restricted to the Pacific slope of the Andes, unique pattern of distribution within the subfamily, although it shares a mosaic of morphological characteristics with representatives of other Loricariina mainly distributed on the Atlantic slope. Along with members of Rineloricaria, it shares papillose lips and hypertrophied odontodes along the sides of the head in breeding males. With some representatives of the Loricariichthys group (sensu Covain and

  ecomorphological and ecological data appeared different. Out of the eight ecomorphometric variables, only the Compression Index and the Index of Ventral Flattening displayed comparables patterns involving the first vectors. Other variables displayed a more diffuse pattern of phylogenetic dependence, and even three variables displayed variations independent of the phylogeny. Concerning the ecological variables, only the favoured habitats and substrates possessed comparable evolutionary patterns in regard of the mouth characteristics. The MSPA perfectly confirms these results and revealed strong associations among mouth features and the deepest nodes of the phylogeny, confirming thus that all these structures are linked. However, very few correlations were observed with the ecological and ecomorphological variables (see variables sub, hab, and IVF in Fig.9 a and c), rejecting thus the hypothesis of the main influence of the ecology of the species in the great diversity in mouth characteristics observed in Loricariinae. The MSPA (and univariate orthograms) highlighted in fact that such modifications were related to sexual characteristics that are the reproductive strategies and the sexual dimorphism. The co-evolution among traits related to the mouth was thus shaped by behavioural constraints suggesting sexual selection. This hypothesis is reinforced by the co-variation with the secondary sexual dimorphism which can be exuberant in certain species (e.g. H. leiopleura, Spatuloricaria spp., R. aff. latirostris…).In a recent study,Geerinckx et al. (2011) solved the paradox of respiration in regard to adherence of the sucker mouth. They demonstrated the key role of the pre-valvular cavity in this phenomenon as well as the importance of the oral valve and maxillary barbels in water flow. From the initial condition related to respiration and feeding, the mouth evolved in Loricariidae toward new functions related to adherence to the substrate and locomotion (in fast flowing water, the fish uses its mouth for short displacements against the current, R. C. pers. obs.). In Loricariinae the mouth (and related features) evolved from this secondary function toward a third function related to reproduction, especially in Loricariichthys, Loricaria, and Pseudohemiodon group members. Surprisingly, these new innovations were concomitant with the loss of pronounced secondary sexual dimorphism. The hypertrophy of odontodes that is sometimes extreme in open and cavity brooders, disappeared in mouth brooders. If the appearance of a rounded crown tooth in mouth brooding males could be explained by a higher risk for eggs and embryos to be damaged by pointed crowns, the loss of hypertrophied odontodes on the snout margin and pectoral fins does not have direct interpretation. Males of open and cavity brooders stay struck to the fry when guarding eggs and embryos (R. C. pers. obs.

  to allow the combination of different models in the global testing procedure, and byDray (in prep.) to test the individual link between each variables of R and Q (here the PCOs of each phylogeny) and the axes of the RLQ analysis (the compromise established between the phylogenies and the codistribution of species). The observed phylogenetic spatial co-structure was thus not due to chance. The dating provided for this co-dispersion in Hypostomus was accordingly applied to the phylogeny of Harttiini and the history of dispersion and diversification of this tribe was revealed at the subcontinental scale. The dating obtained for the phylogeny of Harttiini perfectly met those provided for Hypostomus suggesting a common temporal context of diversification. The sudden diversification of Harttiini and Hypostomus reveals an explosive radiation pattern at base of both lineages, each clade in both phylogenies appearing at the same period. These concomitant cladogenetic events suggest a global common factor explaining the origin of the different lineages such as sea level fluctuations during the Miocene period.

( 2004 )

 2004 considered the Ancistrinae as one of five tribes of the Hypostominae. The Ancistrini represent the most diversified tribe including about the third of all loricariid species distributed in 26 genera(Ferraris 2007). It occurs through all main Neotropical drainages, from Panama to Chile on the Western side of the Andes, and to Argentina on the eastern side.The highest generic diversity is mainly represented by rheophilic species distributed in rivers flowing the Brazilian and Guiana Shields. The present work is restricted to a recently defined group of the Ancistrini, the Panaque clade[START_REF] Armbruster | The genus Peckoltia with the description of two new species and a reanalysis of the phylogeny of the genera of the Hypostominae (Siluriformes: Loricariidae)[END_REF]. In an updated osteological analysis[START_REF] Armbruster | The genus Peckoltia with the description of two new species and a reanalysis of the phylogeny of the genera of the Hypostominae (Siluriformes: Loricariidae)[END_REF] found three groups within the Ancistrini, one composed of a single undescribed taxon, the two others comprising numerous genera and named Panaque and Ancistrus clades. The Panaque clade included Acanthicus,Baryancistrus, Hemiancistrus, Hypancistrus, Leporacanthicus, Megalancistrus, Panaque, Peckoltia, Pseudacanthicus, 

  enrichment in AT bases (0.69). The test on the Index of substitution saturation (Iss) resulted in Iss = 0.0869 significantly smaller than Iss.c assuming both a symmetrical (Iss.c sym = 0.73) and an asymmetrical (Iss.c asym = 0.5368) topology (p-value < 0.0001), implying little substitution saturation in the data. The alignment of the first intron of F-RTN4 reached a total length of 694 bases. Insertions and deletions consisted in two deletions of one base, and one insertion of two bases in the sequence of Pseudacanthicus leopardus. The base composition was: A = 0.309, T = 0.371, G = 0.154, and C = 0.166. The 2 test of heterogeneity of nucleotide frequencies among OTUs failed to reject the null hypothesis ( 2 = 2.38, p-value = 1) implying that the first intron of F-RTN4 is not at base composition equilibrium. A significant trend toward AT enrichment was present in the data since the GC content per sequence (Tab. I) was always below 0.5 (mean = 0.32±0.007). The test on the Index of substitution saturation (Iss) resulted in Iss = 0.0482 significantly smaller than Iss.c assuming both a symmetrical (Iss.c sym = 0.734) and an asymmetrical (Iss.c asym = 0.5419) topology (p-value < 0.0001), implying little saturation in the data.

  cluster with H. medians but belong to the Peckoltia-Panaqolus group. With a COI K2P distance of 11 % between Hemiancistrus and the Peckoltia-Panaqolus group (versus an intragroup K2P distance ranging from 0 to 3.8 %), Hemiancistrus clearly appears very divergent from both Peckoltia and Panaqolus. It has a similarly high degree of divergence with Pseudacanthicus (d K2P = 0.13). The identity of H. medians is clarified below accordingly, and the species is redescribed. The twelve populations included in the Peckoltia-Panaqolus group represent nine distinct species according to the genetic and morphological divergences. Four new species are recognized for the Guianas, three Peckoltia and one species that we assigned to Panaqolus for the time being, and described here.

"

  Er ist ein Ancistrus von gedrungener Gestalt mit wenig strahliger Rückenflosse, gekielten und grobzähnigen Rumpfschildern, einem Bündel sehr langer Haken von Form wie bei Anc. mystacinus m. und den folgenden Arten, mit kurzem Kopfe, breiter Schnauze, grossen Augen, sehr langen, bis hinter die Anale reichenden Bauchflossen und sehr stachliger Pectorale; Rumpf und Flossen sind mit grossen, dunklen Flecken besetzt, die Bauchseite ist dicht und klein beschildert. Schon das letzte Merkmal allein unterscheidet ihn als eine von allen mir bekannten verschiedene Art, indem ich keinen brachypteren Ancistrus mit beschildertem Bauche kenne, welcher dagegen allen macropteren Lictoren eigen ist. Da somit diese Art das vermittelnde Glied zwischen beiden Gruppen darstellt, so dürfte die Benennung Anc. medians vielleicht nicht unpassend erscheinen." A literal translation of this description is: "It is an Ancistrus of stocky stature with dorsal fin having few rays [Kner's Brachypteri subgroup],keeled and rough-toothed trunk plates, a tuft of very long hooks whose form is like in Anc. mystacinus m. and the following species[A. pictus, A. brachyurus, and A. scaphirhynchus, species at present ranged in Lasiancistrus and in Dekeyseria], with a short head, broad snout, large eyes, very long pelvic fins, which reach behind the anal, and a very pointed pectoral; trunk and fins covered by large dark spots, the ventral side is densely and finely plated. The last character alone already distinguishes it as a different species from all the ones I know, because I do not know any brachypteren Ancistrus [defined by Kner as having dorsal fin with few rays, meaning 7 to 9 considering the species included in this sub-group, and belly usually naked] with a plated belly, which on the other hand is particular for all macropteren Lictoren [defined by Kner as having dorsal fin with more rays, meaning 11 to 13 considering the species included in this sub-group, and belly constantly plated]. As this species therefore represents an intermediate link between the two groups, perhaps the name Anc. medians doesn't seem inappropriate". On page 281, the author briefly placed Ancistrus medians according to his systematic position, between Brachypteri and Macropteri Ancistrus, together with another species that he listed as Hyp. (Anc.) itacua, based on ZMB specimens that would later become the type material of Hemiancistrus braueriEigenmann, 1912, now included inPeckoltia.The specimen SMNS 186 indicated as putative holotype of H. medians is a representative of a species of Pseudacanthicus. Based on Kner's original description of species, there are several reasons to reject it as the holotype of H. medians. It does not agree to the description in the following characters: -stocky structure, or stout body (SMNS 186 not much elevated, and elongated head and body); -rough-toothed trunk plates (plates with particularly long and strong spines); -a tuft of very long hooks (jugal hooks not very long); -broad snout (elongated and more or less pointed, as in all Pseudacanthicus); -trunk and fins covered by large dark spots (specimen at present uniformly coloured; one cannot exclude that it was spotted at time of description, however both Surinamese species Pseudacanthicus serratus (Valenciennes, 1840) and P. fordii(Günther, 1868) are white spotted, and no other known species of Pseudacanthicus has large dark spots on the trunk and fins; small dark spots are present in the Amazonian P. spinosus(Castelnau, 1855), and irregular dark spots and vermiculations in P. leopardus(Fowler, 1914) from the Rupununi River in Guyana); -ventral side densely and finely plated (specimen has no more abdominal skin at all, showing skeleton;

  as described by Kner, although not covered completely in any of the examined specimens.The neotype has the abdomen largely covered with very small plates that are mostly not contiguous. Platelets are contiguous and form a dense granular cover in restricted areas under the cleithrum and on sides of the abdomen. Most other specimens, even of large size, show a less densely covered abdomen. Small individuals and some large ones have even the abdomen almost plateless: few platelets, sometimes small granular areas, are present close to the pectoral-fin origin, under the cleithrum, and/or on side of the abdomen, none in central part of abdomen. The high variability of this character may explain the difference shown by several

Figure 5 .

 5 Figure 5. -Juvenile specimens of A: Hemiancistrus medians, MNHN 2002.0854, 28.8 mm SL; and B: Peckotia otali n. sp., MNHN 1988.1851, paratype, 26.5 mm SL.

Figure 6 .

 6 Figure 6. -Colouration in life. A: Hemiancistrus medians, MHNG 2717.005, Suriname, Tapanahony River, Kumaru Konde Sula (R. Covain).B: Peckoltia otali n. sp.,

Figure 7 .

 7 Figure 7. -Geographic distribution of Hemiancistrus medians, Peckotia otali, Peckotia capitulata, Peckotia simulata, and Panaqolus koko. Circled symbols refer to type localities. One symbol may overlap distinct localities.

  of dorsal series. First lateral plates of mid-ventral series forming slight lateral ridge. Caudal peduncle roughly ovoid in cross section, slightly flattened ventrally, and more compressed posteriorly.Lips covered with short, wide papillae. Buccal papilla small. Lower lip wide, far from reaching pectoral girdle, upper lip much narrower. Maxillary barbel reaching posteriorly halfway the distance to gill opening. Teeth bicuspid, lateral lobe up to one-half smaller than medial lobe.Head and body plated. Tip of snout naked. Two rows of plates and curved nuchal plate between triangular supraoccipital process and dorsal fin. Five series of lateral plates extending to caudal fin. Abdomen naked. Few patches of platelets below pectoral girdle. First anal-fin pterygiophore exposed to form a small platelike structure.Head and body plates covered by odontodes of relatively uniform size and distribution.Odontodes on lateral series of plates not arranged in distinct longitudinal rows and not forming keels on sides. Odontodes on plates of postero-dorsal part of body and on adipose fin slightly enlarged. Odontodes on posterior third of pectoral-fin spine enlarged in holotype.Opercle supporting few odontodes. Posterodorsal margin of opercle covered with one or two plates. Hypertrophied cheek odontodes straight with tips curved, not reaching posterior margin of cleithrum. Cheek plates evertible to approximately 90 o from head. Dorsal-fin origin slightly anterior to pelvic-fin origin; when adpressed, dorsal-fin tip not reaching preadipose plate. Dorsal-fin spine locking mechanism fonctional. Adipose fin preceded by single median unpaired plate, short and raised. Adipose spine thin and very slightly curved. Pectoral-spine tip reaching about one-fourth (paratype, left spine, right fin cut close to origin) to quite half (holotype) of pelvic spine, somewhat longer and more robust in large males. Anal fin with weak spine slightly shorter than first branched ray. Caudal fin apparently concave, damaged in both specimens. Fin-ray formulae: dorsalII,7; pectoral I,6; pelvic i,5; anal i,4; caudal i,[START_REF] Harttia Tuna | holotype[END_REF] i. 

  Fairly medium sized species (largest specimen examined 83.4 mm SL, no breeding male). Body moderately stout. Dorsal profile gently convex from snout tip to supraoccipital process, then straight to dorsal-fin origin, sloped ventrally to procurrent caudal-fin rays, and rising straight to caudal fin. Ventral profile flat to caudal fin. Snout slightly pointed, low median ridge in front of nostrils, slight rounded ridge from antero-lateral corner of nostril to end of dorsal margin of orbit supraoccipital with distinctly elevated crest. Eye moderately large. Dorsal margin straight flattened from base of first branched dorsal-fin ray to base of adipose fin between light ridges formed with lateral plates of dorsal series. First lateral plates of mid-ventral series forming slight lateral ridge. Caudal peduncle roughly ovoid in cross section, slightly flattened ventrally, and more compressed posteriorly.Lips covered with short, wide papillae. Buccal papilla small. Lower lip wide, far from reaching pectoral girdle, upper lip much narrower. Maxillary barbel reaching posteriorly half the distance to gill opening or slightly more. Teeth bicuspid, both lobes very similar, lateral lobe only slightly smaller than medial lobe.Head and body plated. Tip of snout naked. Two rows of plates and curved nuchal plate between pointed tip of supraoccipital process and dorsal fin. Five series of lateral plates extending to caudal fin. Abdominal region largely naked. Patches of platelets restricted to regions close to pectoral girdle, pectoral-fin base, and between pelvic fins posteriorly to anal pore. Some large specimens more largely plated. First anal-fin pterygiophore exposed to form a small platelike structure.

Figure 11 .

 11 Figure 11. -Holotype of Peckotia simulata n. sp., MNHN 2011-0012, 83.4 mm SL.
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  .Taxa list, specimen and sequence data for the 20 species of Loricariinae, and outgroup analyzed in this study. The abbreviations of institutions followLeviton et al. 

	2.2 DNA extraction, amplification and sequencing.									
		Tissue samples were preserved in 80% ethanol and stored at -20°C. Total genomic
	mt 12S+16S bases DNA was extracted with the DNeasy Tissue Kit (Qiagen) following the instructions of the + GenBank No. 1687 EU310444 1687 EU310445 1700 EU310446 1700 EU310443 1704 EU310447 1688 EU310448 1701 EU310449 1689 EU310450 1693 EU310451 1689 EU310452 1694 EU310453 1694 EU310454 1703 EU310455 1690 EU310456 1692 EU310458 1689 EU310457 1691 EU310459 1706 EU310460 1707 EU310461 1703 EU310462 manufacturer. The PCR amplification of partial 12S and 16S were carried out using the Taq PCR Core Kit (Qiagen). The primers used were: An12S-2D 5'-GCC AGC TTA CCC TGT 1698 EU310442 GAA GG-3' and H3059 5'-CCG GTC TGA ACT CAG ATC ACG T-3'. The amplifications
	were performed in a total volume of 50 l, containing 5 l of 10x reaction buffer, 1 l of
	dNTP mix at 10mM each, 1 l of each primer at 10 M, 0.2 l of Taq DNA Polymerase
	Locality equivalent to 1 unit of Polymerase per tube, and 1 to 4 l of DNA. Cycles of amplification Venezuela, Rio Santa Rosa Panama, Rio Ipeti Peru, Rio Ucayali Peru, Rio Tambopata French Guiana, Marouini River Guyana, Rupununi River Peru, aquarium trade, Rio Itaya according to the exporter Guyana, Rupununi River Peru, Rio Putumayo Brazil, Rio Parnahyba Surinam, Sarramacca River Guyana, Rupununi River French Guiana, Marouini River were programmed with the following the profile: (1) 3 min. at 94°C (initial denaturing), (2) 35 sec. at 94°C, (3) 30 sec. at 52-54°C, (4) 2 min. at 72°C, and (5) 5 min. at 72°C (final elongation). Steps 2 to 4 were repeated 27 to 39 times according to the quality and concentration of DNA. PCR products were purified with the High Pure PCR Product Purification Kit (Roche). Sequencing reactions were performed with the Big Dye Terminator Peru, aquarium trade, Rio Itaya according to the exporter Guyana, Rupununi River Peru, Rio Tambopata Brazil, Rio Maranhão Peru, Rio de las Piedras Guyana, Sawarab River Panama, Rio Tuyra Cycle Sequencing Ready Reaction 3.1 Kit (Applied Biosystems) following instructions of the Argentina, Rio Uruguay manufacturer, and were loaded on an automatic sequencer 3100-Avant Genetic Analyzer
		Field Number	VZ 049	PA00-012	PE96-071	PE96-022	GF00-351	GY04-15	MUS 208	GY04-18	PE98-002	BR98-274	SU01-56	GY04-12	GF00-083	MUS 211	GY04-83	PE96-011	BR 1114	PE96-001	GY04-187	PA97-032	MUS 202	
		Catalog Number	INHS 35467	MHNG 2674.052	MHNG 2588.093	MHNG 2588.064	MHNG 2543.016	MHNG 2651.012	MHNG 2677.039	MHNG 2651.013	MHNG 2640.044	MHNG 2602.067	MHNG 2621.042	MHNG 2650.054	MHNG 2677.086	MHNG 2677.038	MHNG 2651.009	MHNG 2588.059	UFRJ batch 6-EF4	MHNG 2588.055	MHNG 2651.033	MHNG 2676.004	MHNG 2645.037	
	(1985)	Species	Crossoloricaria venezuelae	Dasyloricaria tuyrensis	Farlowella platoryncha	Farlowella oxyrryncha	Harttia guianensis	Hemiodontichthys acipenserinus	Lamontichthys stibaros	Limatulichthys griseus	Loricaria clavipinna	Loricaria parnahybae	Loricariichthys maculatus	Loricariichthys microdon	Metaloricaria paucidens	Planiloricaria cryptodon	Rineloricaria platyura	Rineloricaria lanceolata	Rineloricaria sp. Tocantins	Sturisoma nigrirostrum	Sturisoma monopelte	Sturisomatichthys citurensis	Ancistrus cirrhosus 1	1 outgroup

  Loricariichthys group, and on the other hand representatives of the Loricaria group plus Crossoloricaria and Planiloricaria, these last two genera belonging to the so called Pseudohemiodon group (sensu Covain and Fisch-Muller 2007). Within the Loricariichthys group, the nominal genus occupied a sister position to Hemiodontichthys and Limatulichthys. The NJ tree showed however an unresolved polytomy among these three genera. Within the Loricaria-Pseudohemiodon clade, all methods placed Loricaria

	representatives of the representatives as	the	sister	lineage	to	the	Pseudohemiodon	group.
							Loricariinae species
	representing 14 genera. The sequence alignment included 1739 positions from which 238
	corresponded to the 12S rRNA gene, 73 corresponded to the tRNA Val gene, and 1428
	belonged to the 16S rRNA gene. The model GTR + G + I (Tavaré, 1986) fitted our data the
	best as indicated by Modeltest.						
	MP, ML and NJ analyses lead to comparable tree topologies. The MP tree (not shown)
	included 1572 steps (CI = 0.513; RI = 0.528). In the ML tree (-lnL = 9414.26784), shown in
	Fig. 1, the Loricariinae was split into two lineages: the Harttiini (Fig.1, clade 1), including the
	single genus Harttia, and the Loricariini (Fig.1, clade 2). The Loricariini was divided into two
	clades, the Sturisomina (new subtribe) (clade A), and the Loricariina (clade B). The genus
	Lamontichthys was the first diverging genus within the clade Sturisomina, a position strongly
	supported by bootstrap values (100/100/99). The remaining Sturisomina representatives were
	then split into two lineages, one comprising a species of Farlowella and the two
	representatives of Sturisoma, and a second comprising another species of Farlowella and
	Sturisomatichthys. However, the first group was not found in NJ and MP tree topologies, and
	the node giving Farlowella platoryncha as sister genus of Sturisomatichthys was weakly
	supported by the same two methods. The polyphyly of Farlowella was assessed by a one-
	tailed SH test with, as alternative topology, the enforced monophyly of Farlowella as sister
	group of Sturisoma and Sturisomatichthys (without hypotheses concerning their
	interrelationships). The result indicated that the monophyly of Farlowella was significantly
	rejected (p = 0.0495). Our phylogenetic reconstructions all showed the monophyly of the
	subtribe Loricariina yet only the ML analysis gave good bootstrap support. Within the
	Loricariina, Metaloricaria branched at the base of the clade. The sister group of Metaloricaria
	was strongly supported (100/99/100) with Dasyloricaria as sister genus of all remaining
	representatives of the subtribe. The sister group of Dasyloricaria was then split into two
	clades: the first corresponding to Rineloricaria representatives, and the second comprising the
	remaining genera studied herein. This last group contained two clades with on one hand

Table 2 .

 2 Main characteristics of co-inertia analysis.

Co-inertia axes Covariance Variance 1 Variance 2 Correlation Inertia 1 Inertia 2 1

  

		0.04601	0.004599	0.487	0.9722	0.004643 0.4971
	2	0.01419	0.0009029	0.2549	0.9295	0.001139 0.2752

Table 3 .

 3 Main characteristics of variables tested for phylogenetic dependence. Variables are titled as inCovain and Fish-Muller (2007), and are ordered according to their absolute contributions to the first co-inertia axis.

Absolute contibution to co-inertia axis 2 (in %)

  

	0.01	3.02
	0.21	4.50
	1.54	3.37
	3.83	13.39
	4.95	2.92
	5.63	0.59
	7.16	0.09
	8.90	12.13
	12.04	13.47
	12.38	21.16
	12.38	20.94
	0.93	0.14
	1.90	0.68
	1.90	0.68
	7.49	0.40
	7.84	0.74
	10.72	1.60

TFSI test (C-mean)

  

  The first difference was that Sturisomina was partly retrieved by grouping Sturisoma, Sturisomatichthys, and Farlowella but not Lamontichthys. The relationships within Sturisomina stayed unresolved because of contradictions between genetics and morphology. The second difference lied within the Loricariina where Rineloricaria, Dasyloricaria, the Loricariichthys group and the Loricaria + Pseudohemiodon groups were all retrieved but with unresolved interrelationships. The last difference was the polytomy within the Loricariichthys group due to conflicting information between morphological and genetic data.

Loricariichthys group constitutes the sister clade of Loricaria plus the Pseudohemiodon groups. On the basis of the present taxonomic sampling, Loricaria is the sister clade of the Pseudohemiodon group represented here by Crossoloricaria and Planiloricaria. This agrees

  was not retrieved. We thus redefine the Loricariini as the clade comprising

	two sister subtribes, (1) the Loricariina including all former Loricariini sensu Isbrücker
	(1979), and (2) a new monophyletic subtribe named Sturisomina, from the name of the first
	described genus of this group. Sturisomina includes at its base Lamontichthys as sister genus
	of Farlowella, Sturisoma, and Sturisomatichthys whose relationships still deserve further
	investigations. The paraphyly of Farlowella, even though surprising, is supported by the
	significant rejection of the constrained monophyly of the genus as assessed using the SH-test.
	A larger taxonomic sampling remains however necessary to definitely answer this question.
	The relative position of Metaloricaria at the base of the Loricariina clade, is not
	consistent with the classification of Isbrücker (1979) who assigned it to the Harttiini tribe, and
	Metaloricariina subtribe. The position of Metaloricaria in our trees is poorly supported by
	bootstrap values for MP and NJ analyses, and should therefore be considered cautiously.
	However, the topology agrees with the hypothesis of Rapp Py-Daniel (1997) who suggested a
	placement within Loricariini (sensu Isbrücker 1979). Herein, the Loricariina constitutes the
	sister group of Sturisomina. Within the Loricariina, Dasyloricaria occupies a basal position,
	just after Metaloricaria, while Rineloricaria has a derived position relative to Dasyloricaria
	and constitutes the sister group to all other Loricariina. This topological situation renders the
	Rineloricariina subtribe proposed by Isbrücker, 1979 paraphyletic. Indeed, this subtribe
	comprised Dasyloricaria, Rineloricaria, Ixinandria, and Spatuloricaria, a grouping which is
	incompatible with our results. In addition, this subtribe was already questioned by Rapp Py-
	Daniel (1997) who found a paraphyly between Spatuloricaria and Rineloricaria. Here, the
	with Rapp Py-Daniel's (1997) results who found Loricaria branching at the base of the
	Planiloricariina (comprising Planiloricaria and Crossoloricaria among others). Nevertheless,
	these relationships deserve and wider taxonomic sampling for being confidently supported.

Corrigendum to « Assessing phylogenetic dependence of morphological traits using co- inertia prior to investigate character evolution in Loricariinae catfishes." Mol. Phylogenet. Evol. 46 (2008) 986-1002.

  (2008), we proposed the new family-group name Sturisomina for the clade including the genera Sturisoma, Farlowella, Sturisomatichthys and Lamontichthys. This new name was not needed because the family-group name Farlowellini Fowler, 1958 is already available for any lineage including its type genus Farlowella (International Code of Zoological Nomenclature (ICZN), 1999).

	Raphaël Covain a, b *, Stéphane Dray c , Sonia Fisch-Muller a , Juan I. Montoya-Burgos b
	a Département d'herpétologie et d'ichtyologie, Muséum d'histoire naturelle, 1 route de Malagnou, C.P. 6434,
	CH-1211 Genève 6, Switzerland
	b Département de zoologie et de biologie animale, Université de Genève, Sciences III, 30 quai E. Ansermet, CH-
	1211 Genève 4, Switzerland

c Université de Lyon ; université Lyon 1 ; CNRS ; UMR 5558, Laboratoire de Biométrie et Biologie Evolutive, 43 boulevard du 11 novembre 1918, Villeurbanne F-69622, France A taxonomical problem was pointed out concerning the new proposed name Sturisomina. This name was unnecessary since a name for a tribe named Farlowellini was already available. A correction is here proposed. Published in : Molecular Phylogenetics and Evolution, 55 (2010): 751. In Covain et al.

Intergeneric phylogenetic relationships in Loricariinae catfishes (Siluriformes: Locariidae), with description of Fonchiiloricaria nanodon: a new genus and species from Peru.

  Mónica S. Rodriguez 1 , Hernán Ortega 2 and Raphaël Covain 3, 4, 5* 1 Laboratório de Ictiologia de Ribeirão Preto (LIRP), Departamento de Biologia FFCLRP -Universidade de São Paulo, Avenida dos Bandeirantes, 3900 -CEP:14040-901, Ribeirão Preto (SP), Brazil.

2 Departamento de Ictiologia, Museo de Historia Natural, Universidad Nacional Mayor de San Marcos. Av. Arenales 1256, Lima 11, Peru. 3 Département d'herpétologie et d'ichtyologie, Muséum d'histoire naturelle, 1 route de Malagnou, C.P. 6434, CH-1211 Genève 6, Switzerland. 4 Département de zoologie et de biologie animale, Université de Genève, Sciences III, 30 quai E. Ansermet, CH-1211 Genève 4, Switzerland 5. Université de Lyon; Université Lyon 1 ; CNRS ; UMR 5558, Laboratoire de Biométrie et Biologie Evolutive, 43 boulevard du 11 novembre 1918, Villeurbanne F-69622, France

Based on previously known collection specimens (a single in MHNG) and additional freshly collected material from Peru, a new genus and new species is here described to clarify the systematics of the group. Additionally, an evaluation of the alignment, especially in intronic regions of the new f-rtn4 marker is performed prior to reconstruct the first phylogeny of the Loricariinae mixing mitochondrial and nuclear information (for the characterization of the first intron of f-rtn4 see

 in press; Annex 3)

. MSR wrote the morphological description and discussion, HO wrote the ecological part, and RC performed the molecular analyses and wrote the rest of the manuscript.

Table I .

 I Taxa list, specimen and sequence data for the 26 species of Loricariinae, and outgroup analyzed in this study. The acronyms of institutions followFricke & Eschmeyer (2010).

	Covain et al. 2008 1980 HM623651 This study	Covain et al. Reference F-RTN4 bases Reference 2008 2268 HM623635 This study	This study + GenBank No. 1981 HM623654 This study	Covain et al. This study 2008 1994 HM623647 This study 1979 HM623655 This study	Covain et al. This study 2008 2005 HM623639 This study 2015 HM623656 This study	Covain et al. This study 2008 2301 HM623649 This study 2015 HM623657 This study	Covain et al. Covain et al. 2008 2237 HM623650 This study 2008 1809 HM623638 This study	Covain et al. This study 2008 2008 2112 FJ013232 Chiachio et al. 1926 HM623634 This study	Covain et al. 2008 2246 HM623645 This study	Covain et al. 2008 2038 HM623648 This study	Covain et al. 2008 1959 HM623644 This study	Covain et al. 2008 1964 HM623653 This study	Covain et al. 2008 2008 1985 FJ013231 Chiachio et al.	Covain et al. 2008 2221 HM623642 This study	Covain et al. 2008 1949 HM623643 This study	Covain et al. 2008 2073 HM623637 This study	Covain et al. 2008 2006 HM623646 This study	Covain et al. 2008 2219 HM623641 This study	Covain et al. 2008 2226 HM623640 This study	Covain et al. HM623652 This study	Covain et al. 2008 2556 HM623636 This study
	2436 EU310461	mt 12S+16S bases 2435 EU310462	+ GenBank No. 2418 HM592624	2416 EU310444 2419 HM592625	2416 EU310445 2429 HM592626	2429 EU310446 2429 HM592627	2430 EU310443 2420 EU310442	2435 EU310447 2434 HM592623	2419 EU310448	2430 EU310449	2423 EU310450	2424 EU310451	2421 EU310452	2425 EU310453	2424 EU310454	2435 EU310455	2415 EU310456	2420 EU310458	2420 EU310457	EU310459	2437 EU310460
	GY04-187 Guyana, Sawarab River	Field Number Locality PA97-032 Panama, Rio Tuyra	PE08-230 Peru, Rio Huallaga	VZ 049 Venezuela, Rio Santa Rosa PE05-014 Peru, aquarium trade, Rio Nanay 2	PA00-012 Panama, Rio Ipeti PE08-199 Peru, Rio Monzon	PE96-071 Peru, Rio Ucayali PE08-336 Peru, Rio Aucayacu	PE96-022 Peru, Rio Tambopata MUS 202 Argentina, Rio Uruguay	GF00-351 French Guiana, Marouini River PE96-040 Peru, Rio Ucayali	GY04-15 Guyana, Rupununi River	MUS 208 Peru, aquarium trade, Rio Itaya 2	GY04-18 Guyana, Rupununi River	PE98-002 Peru, Rio Putumayo	BR98-274 Brazil, Rio Parnahyba	SU01-56 Surinam, Sarramacca River	GY04-12 Guyana, Rupununi River	GF00-083 French Guiana, Marouini River	MUS 211 Peru, aquarium trade, Rio Itaya 2	GY04-83 Guyana, Rupununi River	PE96-011 Peru, Rio Tambopata	BR Brazil, Rio Maranhão	PE96-001 Peru, Rio de las Piedras
	MHNG 2651.033	Catalog Number MHNG 2676.004	MHNG 2710.050	INHS 35467 MHNG 2677.071	MHNG 2674.052 MHNG 2710.048	MHNG 2588.093 MHNG 2710.060	MHNG 2588.064 MHNG 2645.037	MHNG 2643.016 MHNG 2588.079	MHNG 2651.012	MHNG 2677.039	MHNG 2651.013	MHNG 2640.044	MHNG 2602.067	MHNG 2621.042	MHNG 2650.054	MHNG 2677.086	MHNG 2677.038	MHNG 2651.009	MHNG 2588.059	UFRJ batch 6-EF4	MHNG 2588.055
	Sturisoma monopelte	Species Sturisomatichthys citurensis	Spatuloricaria aff. puganensis	Crossoloricaria venezuelae Spatuloricaria sp. Nanay	Dasyloricaria tuyrensis Fonchiiloricaria nanodon	Farlowella platoryncha Fonchiiloricaria nanodon	Farlowella oxyrryncha Ancistrus cirrhosus 1	Harttia guianensis Pseudorinelepis genibarbis 1	Hemiodontichthys acipenserinus 1 2 outgroup according to the exporter	Lamontichthys stibaros	Limatulichthys griseus	Loricaria clavipinna	Loricaria parnahybae	Loricariichthys maculatus	Loricariichthys microdon	Metaloricaria paucidens	Planiloricaria cryptodon	Rineloricaria platyura	Rineloricaria lanceolata	Rineloricaria osvaldoi	Sturisoma nigrirostrum

Table II :

 II Descriptive morphometrics of the holotype and paratypes of Fonchiiloricaria nanodon expressed as percentages of standard length or head length. Ranges provided only include paratypes.

		N	Min	Max	Mean	SD	Holotype
	Standard length (mm)	12	91.4	174.6	150.7	-	160.8
	Percentage of standard length						
	Predorsal length	12	32.9	35.3	34.1	0.76	34.9
	Postdorsal length	12	56.5	70.3	64.3	5.62	69.7
	Postanal length	12	51.6	56.4	53.0	1.23	53.5
	Dorsal-fin spine length	8	19.6	22.2	20.7	0.97	21.5
	Anal-fin spine length	11	18.3	21.5	20.0	0.89	20.8
	Pectoral-fin spine length	12	17.8	21.3	20.1	1.01	21.7
	Pelvic-fin spine length	12	16.4	19.5	17.9	0.82	18.4
	Uppermost caudal-fin ray	4	26.6	53.0	41.4	13.51	97.1
	Lowermost caudal-fin ray	11	9.9	15.5	13.6	1.64	15.1
	Thoracic length	12	13.8	18.2	15.9	1.10	15.5
	Abdominal length	12	15.6	18.2	16.8	0.71	18.1
	Cleithral width	12	19.1	21.6	20.1	0.78	19.9
	Depth of caudal peduncle	12	1.5	1.7	1.6	0.06	1.6
	Width of caudal peduncle	12	3.2	3.9	3.5	0.21	3.9
	Pelvic-fin origin to caudal-fin	12	66.5	70.5	68.7	1.06	70.6
	Snout tip to pelvic-fin origin	12	31.2	34.3	32.4	0.95	32.2
	Body width at dorsal-fin origin	12	15.1	20.5	18.6	1.61	18.5
	Body depth at dorsal-fin origin	12	13.3	17.4	15.6	1.45	15.1
	Body width at anal-fin origin	12	12.8	17.1	15.6	1.22	16.4
	Body depth at anal-fin origin	12	10.2	12.6	11.5	0.73	11.4
	Head length	12	21.7	23.2	22.4	0.49	22.4
	Percentage of head length						
	Head depth	12	52.5	79.9	63.5	7.22	56.5
	Snout length	12	61.5	64.7	63.1	0.81	62.7
	Interorbital width	12	24.8	30.2	27.8	1.65	27.9
	Internareal width	12	11.2	13.4	12.2	0.65	12.4
	Eye diameter	12	11.5	15.1	13.0	1.18	16.5
	Width of lower lip	12	21.4	29.6	26.7	2.27	26.6

margin of caudal fin concave, with 14 rays in total

(12 branched rays)

. Upper unbranched ray extending as a long filament up to 97.1 % L S . Anal, pelvic and pectoral fins with odontodes on unbranched rays. Usually five (sometimes four) supracaudal plates covering base of caudal-fin rays. Trunk and caudal peduncle becoming more compressed posteriorly, and

  Département d'herpétologie et d'ichtyologie, route de Malagnou 1, case postale 6434, CH-1211 Genève 6, SUISSE. [Raphael.Covain@ville-ge.ch] [Sonia.Fisch-Muller@ville-ge.ch]
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	Pierre-Yves LE BAIL (5) & Stéphane DRAY (3)		
	(1) Muséum d'histoire naturelle, (5) SCRIBE-INRA, Campus	de	Beaulieu,	35042	Rennes	cedex,	FRANCE.	[Pierre-

(2) 

Université de Genève, Département de Génétique et Evolution, Sciences III, quai E. Ansermet 30, CH-1211 Genève 4, SUISSE. [juan.montoya@unige.ch] (3) Université Claude Bernard Lyon 1, Laboratoire de biométrie et de biologie évolutive, CNRS, UMR 5558, 43 bd du 11 Novembre 1918, 69622 Villeurbanne cedex, FRANCE. [dray@biomserv.univ-lyon1.fr] (4) University of Suriname, Center for Agricultural Research in Suriname CELOS and Department of Biology, POB 9212, Paramaribo, SURINAME. [fisheco@celos.sr.org] Yves.Lebail@rennes.inra.fr]

  All specimens were measured with a digital calliper to the nearest 0.01 mm. The measurements and counts followCovain et al. (2006) except for: (1) the premaxillary ramus length, due to difficulty and inaccuracy of the measurement; (2) the measurements related to the tail characteristics (total length, upper and lower caudal-spine lengths, and minimum caudal-fin length) due to numerous broken tails; and (

	In the list of measured material, institutional acronyms and catalogue numbers are
	presented first, followed by the number of specimens in the lot, locality, collector and date of
	collection. Institutional acronyms follow Fricke and Eschmeyer (2010). To prevent artificial
	groupings, the different populations collected in different basins were considered
	independently. The taxonomy followed Covain et al. (2006), and the abbreviations used in the
	different analyses are provided between square brackets.

, and is not listed again. The additional material, including type specimens of H.

fowleri, H. guianensis, H. crassicauda, H. platystoma, and H. maculata

, was deposited in the Muséum d'histoire naturelle, Geneva (MHNG), the Muséum National d'Histoire Naturelle, Paris (MNHN), the National Museum of Natural History -Naturalis, Leiden (RMNH), the British Museum of Natural History, London (BMNH), the Centre for the Study of Biological Diversity, University of Guyana, Georgetown (CSBD), and the Academy of Natural Sciences, Philadelphia (ANSP). H. platystoma: Guyana, Essequibo River drainage [Hplat]. -BMNH 1866.8.14.124 lectotype of Loricaria platystoma Günther, 1868, Surinam (?); MHNG 2651.080 (3), CSBD uncat. (2, ex MHNG 2651.080),

Table I .

 I -Descriptive morphometrics and meristics of all Guianese Harttiini. Morphometric data expressed as percents of standard length (SL) or head length (HL). Abbreviations of the different morphometric variables used in the analyses are provided between square brackets. N: number of specimens measured. Computed statistics include holotype.

  The Harttia group comprised representatives of H. guianensis (Maroni, Sinnamary, and Approuague Rivers), H. surinamensis, H. fowleri, and the populations from Coppename and Paru de Oeste rivers. The Harttiella group, located on the negative side of the first axis, corresponded to high values for predorsal length, minimum caudal peduncle depth, anus to pectoral-fin origin length, cleithral width, interobital width, head depth at internostril, head depth, snout length, thoracic length, distal end of operculum to tip of snout length, pelvic spine length, body width at dorsal-fin origin, body depth at dorsal-fin origin, anus to tip of snout length, anus to pelvic-fin origin length, head length, nostril to tip of snout length, and abdominal length (Fig.1b). The Harttiella group comprised the type species of the genus, H. crassicauda from Nassau Mountain in Suriname, and several populations from French Guiana

(Kotika Mountain, Trinité Mountains, Crique Grillon, Crique Aya, Crique Cascade, Crique Coeur Maroni, Crique Limonade, Atachi Bakka Mountains, and Lucifer Mountains)

. Two morphological tendencies were highlighted by the analysis, with a sub-group made up of H. crassicauda plus the populations from Kotika, Atachi Bakka and Trinité Mountains, and the other containing all other populations. The first group corresponded to stockier forms of the genus, whereas the second group assembled slender representatives.

Table II .

 II -Taxa list, specimen and sequence data for the 42 Harttiini analyzed in this study. Abbreviations of the different species and populations used in the analyses are provided between square brackets. The acronyms of institutions followFricke and Eschmeyer (2010).

	0.435		GC3 0.445	0.370 0.450	0.370 0.445	0.365 0.420	0.350 0.420 0.340	0.345 0.420	0.495	0.410 0.420	0.410 0.420 0.433	0.430 0.420	0.435 0.425 0.420	0.465 0.425	0.465 0.425	0.465 0.425	0.460 0.425	0.455 0.445 0.445	0.455 0.445	0.450	0.435	0.450	0.435
	0.440		GC2 0.440	0.440 0.440	0.440 0.440	0.440 0.440	0.440 0.440 0.440	0.435 0.440	0.440	0.440 0.440	0.440 0.440 0.440	0.440 0.440	0.440 0.440 0.440	0.440 0.440	0.440 0.440	0.440 0.440	0.440 0.440	0.440 0.440 0.440	0.440 0.440	0.440	0.440	0.440	0.440	106
	0.530		GC1 0.535	0.535 0.535	0.535 0.535	0.535 0.545	0.525 0.545 0.530	0.520 0.545	0.555	0.545 0.545	0.545 0.545 0.545	0.545 0.545	0.545 0.545 0.565	0.530 0.545	0.530 0.545	0.530 0.545	0.525 0.545	0.525 0.535 0.535	0.525 0.535	0.535	0.530	0.535	0.530
	0.468		GC 0.473 content	0.448 0.475	0.448 0.473	0.447 0.468	0.438 0.468 0.437	0.433 0.468	0.497	0.465 0.468	0.465 0.468 0.472	0.472 0.468	0.473 0.470 0.475	0.478 0.470	0.478 0.470	0.478 0.470	0.475 0.470	0.473 0.473 0.473	0.473 0.473	0.475	0.468	0.475	0.468
	Harttiella parva [Hatach] MHNG 2723.093 JF292276 MUS 611 French Guiana, Maroni River drainage, Atachi	Bakka Mountains	Species Catalog Number Field Number Locality GenBank No. Harttiella intermedia [Htrinit] MHNG 2713.087 JF292284 MUS 650 French Guiana, Sinnamary River drainage, Trinité Mountains in Crique Grand Leblond	Harttia guianensis [HguiMr] MHNG 2643.016 GF00-351 French Guiana, Maroni River drainage, Marouini River JF292266 Harttiella intermedia [Htrinit] MHNG 2713.087 JF292285 MUS 651 French Guiana, Sinnamary River drainage, Trinité Mountains in Crique Grand Leblond	Harttia guianensis [HguiSi] MHNG 2680.053 RV-21 French Guiana, Sinnamary River drainage, Saut Takari Tanté JF292267 Harttiella intermedia [Htrinit] MHNG 2713.087 JF292281 MUS 652 French Guiana, Sinnamary River drainage, Trinité Mountains in Crique Grand Leblond	Harttia guianensis [HguiAp] MHNG 2662.091 GF03-160 French Guiana, Approuague River drainage, Crique Arataï JF292265 Harttiella lucifer [Hlucif] MHNG 2721.088 JF292291 GF10-034 French Guiana, Mana River drainage, Lucifer Mountains in Crique Cascade	Harttia surinamensis [Hsur] MHNG 2674.042 SU05-001 Suriname, Suriname River drainage, Gran Rio JF292264 Harttiella lucifer Harttia fluminensis [HCopp] MHNG 2690.013 SU01-445 Suriname, Coppename River drainage, Raleighvallen JF292263 [Hlucif] MHNG 2721.088 JF292295 GF10-043 French Guiana, Mana River drainage, Lucifer Mountains in Crique Cascade	Harttia tuna [Hafftrom] MHNG 2704.029 SU07-644 Brazil, Paru de Oeste River drainage, Four Brothers JF292262 Harttiella lucifer French Guiana, Oyapock River drainage, Crique Harttia fowleri [Hfow] MHNG 2643.022 GF99-202 Gabaret JF292255 [Hlucif] Harttiella lucifer Cteniloricaria platystoma [Hplat] [Hlucif] MHNG 2721.088 MHNG 2721.091 MHNG 2650.082 GY04-336 Guyana, Essequibo River drainage, Siparuni River JF292257 JF292294 JF292292 GF10-037 French Guiana, Mana River drainage, Lucifer Mountains in Crique Cascade GF10-051 French Guiana, Mana River drainage, Lucifer Mountains	Cteniloricaria platystoma [HmacC] MHNG 2672.067 Harttiella lucifer Cteniloricaria platystoma [HmacS] MHNG 2674.003 [Hlucif] MHNG 2721.091 JF292259 JF292296 SU05-340 Suriname, Corantijn River drainage, Wonotobo Falls JF292258 SU05-039 Suriname, Suriname River drainage, Awaradam GF10-053 French Guiana, Mana River drainage, Lucifer Mountains	Cteniloricaria platystoma [HmacM] MHNG 2643.014 Harttiella lucifer [Hlucif] MHNG 2721.091 JF292261 JF292293 GF00-092 French Guiana, Maroni River drainage, Marouini River GF10-055 French Guiana, Mana River drainage, Lucifer Mountains	Cteniloricaria platystoma Harttiella lucifer Cteniloricaria napova [Haffmac] [Hsaul] [HmacMn] MHNG 2700.054 MHNG 2704.030 MHNG 2712.085 JF292260 JF292256 JF292290 GF07-265 French Guiana, Mana River drainage, Crique Aya SU07-650 Brazil, Paru de Oeste River drainage, Four Brothers MUS 592 French Guiana, Maroni River drainage, Crique Limonade	Harttiella crassicauda [Hcras] Harttiella lucifer [Hsaul] MHNG 2674.051 MHNG 2712.085 JF292268 JF292288 MUS 221 Suriname, Marowijn River drainage, Nassau Mountains in Paramaka Creek MUS 593 French Guiana, Maroni River drainage, Crique Limonade	Harttiella crassicauda [Hcras] Harttiella lucifer [Hsaul] MHNG 2674.051 MHNG 2712.085 JF292269 JF292289 MUS 231 Suriname, Marowijn River drainage, Nassau Mountains in Paramaka Creek MUS 591 French Guiana, Maroni River drainage, Crique Limonade	Harttiella crassicauda [Hcras] Harttiella lucifer [Hsaul] MHNG 2679.098 MHNG 2712.085 JF292270 JF292286 MUS 306 Suriname, Marowijn River drainage, Nassau Mountains in Paramaka Creek MUS 595 French Guiana, Maroni River drainage, Crique Limonade	Harttiella pilosa [HOrap] Harttiella lucifer [Hsaul] MHNG 2724.002 MHNG 2712.085 JF292271 JF292287 GF03-033 French Guiana, Orapu River drainage, Tortue Mountains in Crique Grillon MUS 596 French Guiana, Maroni River drainage, Crique Limonade	Harttiella pilosa [HOrap] Harttiella longicauda Harttiella longicauda [HMana] [HMana] MHNG 2682.055 MHNG 2699.070 MHNG 2699.070 JF292272 JF292280 JF292283 GF06-344 French Guiana, Orapu River drainage, Tortue Mountains in Crique Grillon GF07-026 French Guiana, Mana River drainage, Crique Aya GF07-082 French Guiana, Mana River drainage, Crique Aya	Harttiella pilosa [HOrap] Harttiella longicauda [HMana] MHNG 2682.055 MHNG 2699.070 JF292273 JF292282 GF06-343 French Guiana, Orapu River drainage, Tortue Mountains in Crique Grillon Harttiella longicauda [HArata] MHNG 2723.094 JF292279 French Guiana, Maroni River drainage, Atachi Harttiella parva [Hatach] MHNG 2723.093 JF292274 MUS 606 Bakka Mountains Harttiella longicauda [HArata] MHNG 2723.094 JF292278 French Guiana, Maroni River drainage, Atachi Harttiella parva [Hatach] MHNG 2723.093 JF292275 MUS 607 Bakka Mountains Harttiella longicauda [HArata] MHNG 2723.094 MUS 456 MUS 470 MUS 463 GF07-111 French Guiana, Mana River drainage, Crique Aya French Guiana, Approuague River drainage, Crique Cascades French Guiana, Approuague River drainage, Crique Cascades French Guiana, Approuague River drainage, Crique Cascades

Table III .

 III -Main characteristics of the multi-table analysis computed on the restricted data set (n = 19). Genetic: genetic data table; Morphology: morphometric data table; Ecology: ecology-distribution data table. Levelplot:

Table IV .

 IV -Tests against phylogenetic dependence of the variables constituting the different data sets. Variables: A1 to A5: five first eigenvalues of the PCoA of the K2P distances matrix; Ltet to Nbscutvent: morphometric variables labelled as in table1; biotope to Long: ecology-distribution variables labelled as in figure3. Axis 1: scores of the different variables onto the first multiple co-inertia axis; Axis 2: scores of the different variables onto the second multiple co-inertia axis; C-mean: Abouheif's measures of local autocorrelation corresponding to the degree to which related species are close from each other in a given trait; p-value: uncorrected significance of the Abouheif's test for = 0.05; C p-value: corrected p-value using the control for false discovery rate for multiple testing under dependency. Results of tests conducted on the different variables constituting the three initial tables are provided in table IV. As expected, axes of the

	consequently discarded from further interpretation.		
	Variable	Axis 1	Axis 2	C-mean	p-value (X Xobs.) C p-value (X Xobs.)
	A1	0.6719	0.1392	0.8457	0.0001	0.0011
	A2	0.0944	-0.4704	0.7086	0.0001	0.0011
	A3	-0.0010	0.0635	0.5478	0.0021	0.0115
	A4	-0.0061	0.0314	0.4317	0.0005	0.0032
	A5	0.0153	0.0018	0.4128	0.0060	0.0312
	Ltet	-0.1406	0.0875	0.6830	0.0001	0.0011
	Labd	-0.1216	0.0914	0.4795	0.0009	0.0052
	LpreDo	-0.1691	0.0421	0.8059	0.0001	0.0011
	LpostDo	0.1613	-0.0538	0.7392	0.0001	0.0011
	LpostAn	0.1594	-0.0345	0.7275	0.0001	0.0011
	Lmus	-0.1443	0.0819	0.7518	0.0001	0.0011
	LnarBM	-0.1187	0.1103	0.6680	0.0001	0.0011
	Lthor	-0.1549	0.0219	0.6527	0.0002	0.0018
	Lpect	-0.0355	0.0950	0.2661	0.0383	0.1842
	Lpelv	-0.1540	0.0222	0.6340	0.0002	0.0018
	Ldo	0.0177	0.0370	0.0265	0.4021	1.0000
	Lan	-0.1288	-0.1052	0.6790	0.0001	0.0011
	ltet	-0.1392	0.0988	0.7495	0.0001	0.0011
	lcorDo	-0.1088	0.1260	0.6606	0.0005	0.0032
	lcorAn	0.0004	0.1574	0.5890	0.0002	0.0018
	Hcor	-0.1473	-0.0354	0.4916	0.0010	0.0057
	Htet	-0.1668	-0.0186	0.7478	0.0002	0.0018
	HminPC	-0.1721	0.0082	0.8049	0.0001	0.0011
	Hintnar	-0.1666	0.0244	0.7646	0.0001	0.0011
	Dmoeil	0.1256	0.0487	0.5301	0.0005	0.0032
	Distintorb	-0.1733	0.0055	0.8190	0.0001	0.0011
	OpercBM	-0.1536	0.0690	0.7490	0.0001	0.0011
	Danpelv	-0.0727	0.1403	0.5536	0.0006	0.0037
	Danpect	-0.1565	0.0643	0.7682	0.0001	0.0011
	Danan	0.0565	-0.0438	0.3310	0.0135	0.0666
	Danmus	-0.1625	0.0552	0.7657	0.0001	0.0011
	l8	-0.0042	0.1550	0.5470	0.0003	0.0024
	l14	-0.0623	0.1259	0.5276	0.0008	0.0048
	Nbdtssup	0.0688	0.1493	0.6088	0.0005	0.0032
	Nbdtsinf	0.0613	0.1510	0.5865	0.0005	0.0032
	Nblongit	0.1736	-0.0024	0.8200	0.0001	0.0011
	Nbscutvent	0.1263	-0.0340	0.5362	0.0003	0.0024
	biotope	0.3254	0.1362	0.6626	0.0003	0.0024
	Temp	0.3174	0.0612	0.5407	0.0005	0.0032
	pH	0.1044	-0.0868	-0.2344	0.9420	1.0000
	Cond	-0.1991	-0.0745	0.2276	0.0796	0.3735
	Alt	-0.3015	-0.0899	0.4825	0.0026	0.0139
	Lat	-0.1332	0.0550	-0.0730	0.6673	1.0000
	Long	-0.1745	0.0984	0.3917	0.0079	0.0400

Table V .

 V -Tukey's Honest Significant Differences post-hoc tests between genera (black dots) and within genera-between species (grey dots) for all morphometric variables. Presence of dots refers to significant differences in mean for the genus under consideration (or the species of a given genus), against all other genera (or species belonging to the same genus). Variables labelled as in table I. Labels refer to the labels used in the analyses for the different populations of a species and the different species.

	Nbscutvent representing on average 61.53±1.14% of SL versus 56.91±1.36 in Harttia (Tukey HSD, p-
	Nblongit value < 0.0001) and 51.18±2.96 in Harttiella (HSD, p-value < 0.0001), a longer caudal
	Nbdtsinf																			
	Nbdtssup peduncle [mean = 51.69±1.16% of SL versus 47.88±1.39 (HSD, p-value < 0.0001) and
	Hintnar 40.73±3.41 (HSD, p-value < 0.0001) in Harttia and Harttiella respectively], a greater anus to
	Htet anal-fin origin length [mean = 8.89±0.52% of SL versus 8.67±0.57 (HSD, p-value = 0.004)
	Distintorb and 8.49±1.27 (HSD, p-value < 0.0001) in Harttia and Harttiella respectively], larger eye
	Dmoeil with a greater maximum orbital diameter [mean = 23.40±2.11% of HL versus 22.80±1.50
	OpercBM																			
	ltet (HSD, p-value = 0.0016) and 17.38±1.68 (HSD, p-value < 0.0001) in Harttia and Harttiella
	LnarBM respectively], more numerous plates in the lateral series [mean = 30±1 versus 29±1 (HSD, p-
	Lmus value < 0.0001) and 25±1 (HSD, p-value < 0.0001) in Harttia and Harttiella respectively],
	HminPC																			
	Hcor																			
	l14																			
	l8																			
	lcorAn																			
	lcorDo																			
	Danmus																			
	Danan																			
	Danpect																			
	Danpelv																			
	Lan																			
	Ldo																			
	Lpelv																			
	Lpect																			
	Lthor																			
	Labd																			
	LpostAn																			
	LpostDo																			
	LpreDo																			
	Ltet																			
	Labels	-	-	-	Hplat, HmacC, HmacS,	HmacM, HmacMn	Haffmac	Hcras	Horap	Hatach	Htrinit	Hlucif, Hsaul	Hmana, Harata, Hsinna	Hcotic	HguiMr, HguiSi,	HguiAp	Hsur	HCopp	Hafftrom	Hfow
	Genus/species	Cteniloricaria	Harttiella	Harttia		C. platystoma	C. napova	Hl. crassicauda	Hl. pilosa	Hl. parva	Hl. intermedia	Hl. lucifer	Hl. longicauda	Hl. janmoli		H. guianensis	H. surinamensis	H. fluminensis	H. tuna	H. fowleri

and a greater number of lateral abdominal plates [in mean 8±2 versus 7±2 (HSD, p-value = 0.0111) and 6±1 (HSD, p-value < 0.0001) in Harttia and Harttiella respectively]. The following combination of characters also differentiates the genus: abdomen completly covered with medium sized rhombic plates, these plates becoming more numerous and decreasing in size toward the head; abdominal cover reaching gill opening, not organized in rows, and complete around 70 mm SL; presence of a black crescent in the caudal fin.

  : 39. Morphometric and meristic data are provided in table I, and GenBank accession numbers for barcodes in table II. Four morphometric variables significantly characterize H. crassicauda (Tab. V). Harttiella crassicauda is distinguished from all other congeneric species by a smaller postdorsal length [mean = 48.05±0.92 % of SL versus 48.85±1.33 < mean < 53.89±1.41% of SL in all other congeners; (HSD, p-values < 0.0261)], a shorter caudal peduncle [mean = 36.14±1.66 % of SL versus 38.32±1.54 < mean < 43.94±0.90% of SL in all other congeners; (HSD, p-values < 0.0001], and a deeper caudal peduncle [mean = 4.86±0.43% of SL versus 2.53±0.18 < mean < 4.58±0.35% of SL in all other congeners; (HSD, p-values < 0.0015)]. It is also distinguished from all other congeneric species except H. janmoli n. sp. by a greater (smaller compared to H. janmoli) anus to pectoral-fin origin length [mean = 31.85±2.26% of SL versus 28.38±2.75 < mean < 29.23±1.81% of SL in other

  12.69±0.54% of SL versus 14.80±1.14% of SL; (HSD, p-value = 0.015)]. It is distinguished from H. pilosa by a longer head [mean = 26.18±1.12% of SL versus 23.74±1.35% of SL; (HSD, p-value = 0.0031)], and from H. crassicauda by a longer caudal peduncle [mean = 42.35±1.44% of SL versus 36.14±1.66% of SL; (HSD, p-value < 0.0001)]. Morphometric and meristic data in table I, and GenBank accession numbers in table II.

	Description

  :39. Morphometric and meristic data are provided in table I, and GenBank accession number for barcode in table II. Two morphometric variables strictly characterized H. surinamensis (Tab. V). Harttia surinamensis is distinguished from all congeneric species except H. tuna n. sp. by a longer head (shorter compared to H. tuna) [mean = 24.15±1.38% of SL versus 23.19±1.33 < mean < 23.45±0.95% of SL; (HSD, p-values < 0.0364), and mean = 24.97±1.14% of SL in H.

  DescriptionMorphometric and meristic data in table I, and GenBank accession number in table II.

	, mean 38.94±1.42% of HL;
	(HSD, p-value < 0.0001)], and from H. trombetensis by the colour pattern of the caudal fin (a
	dark rounded blotch at base of caudal fin, versus a large dark band). Four morphometric
	variables strictly characterize H. tuna (Tab. V). Harttia tuna possesses a longer head [mean =
	24.97±1.14% of SL versus 23.19±1.33 < mean < 24.15±1.38% of SL; (HSD, p-values <
	0.0032)]; a greater predorsal length [mean = 33.58±0.84% of SL versus 32.10±1.05 < mean <

  Abdominal cover restricted to preanal and lateral plates; a row of platelets may join We are grateful to Philippe Keith, Romain Causse and Patrice Pruvost, MNHN; Martien van Oijen and Koos van Egmond, RMNH; Ronald Vonk and Hielke Praagman, ZMA; James Maclaine, BMNH; Mark Sabaj Perez and John Lundberg, ANSP for

	these two series 5a. -Presence of a large basicaudal spot; teeth arranged in a single row (Oyapock River) 5b. -Presence of a large basicaudal band; teeth arranged in two staggered rows Acknowledgments. -the loan of type and complementary material and welcome in collections; Philippe Gaucher, 6 H. fowleri
	H. surinamensis (Suriname River) CNRS Guyane; Olivier Tostain, Ecobios Cayenne; Régis Vigouroux and Philippe Cerdan,
	6a. -Presence of small granular platelets between lateral abdominal plates and base of Hydreco Guyane; Michel Jégu and Bernard de Mérona, IRD; François Meunier and Yves
	pectoral fins; in adults, presence of a row of platelets joining preanal to lateral abdominal Fermon, MNHN; Hélène Pagesy, CNRS; Alexandre Fort, Pedro Hollanda Carvalho, Claude
	plates Weber and Alain Merguin, MHNG; Maël Dewynter, ONF Guyane; Frédéric Melki, Biotope 7
	6b. -Absence of small granular platelets between lateral abdominal plates and base of
	pectoral fins; in adults, absence of a row of platelets joining preanal to lateral abdominal
	plates	H. guianensis
	(Maroni/Marowijne to Approuague Rivers)	
	7a. -Head depth representing 37.3-43.3% of HL	H. fluminensis (Coppename River)
		crassicauda group 9
	8b. -Minimum caudal peduncle depth representing 4.3-8.4% of caudal peduncle length
		longicauda group 12
	9a. -Colour pattern of caudal fin distinctly banded	HARTTIINI H. parva (Atachi Bakka Mt)
	9a. -Colour pattern of caudal fin not distinctly banded	10
	1a. -Minimum caudal peduncle depth 0.94-1.9% of SL 10a. -Dorsal surface with usually 5 well separated dark bands posterior to dorsal-fin origin 2
	1b. -Minimum caudal peduncle depth 2.0-5.6% of SL	Harttiella 8 11
	2a. -Presence of a complete abdominal cover in specimens greater than 70 mm SL made of 10b. -Dorsal surface with usually 4 postdorsal bands, 3 rd band appearing as a large black
	medium sized rhombic plates; caudal fin with a large median black crescent: Cteniloricaria 3 transverse saddle H. janmoli (Kotika Mt.)
	2b. -Absence of a complete abdominal cover; when present, abdominal cover restricted to 11a. -Caudal peduncle length more than 40 % of SL H. intermedia (Trinité Mt.)
	lateral abdominal plates, preanal plates or made of small granular platelets, cover not 11b. -Caudal peduncle length less than 40 % of SL H. crassicauda (Nassau Mt.)
	complete in specimens smaller than 120 mm SL; caudal fin often with a black basicaudal 12a. -Hispid appearance of mature males, width of pectoral and pelvic girdles almost
	blotch equivalent	Harttia 4 H. pilosa (Tortue Mt.)
	3a. -Colour pattern of dorsal surface of body distinctly spotted C. napova (Paru de Oeste 12b. -Smooth appearance of mature males, pectoral girdle much wider than pelvic girdle
	River)	13
	13a. Pelvic spine just reaching anal-fin origin	H. longicauda
	13a. Pelvic spine reaching beyond anal-fin origin	H. lucifer

3b. -Colour pattern of dorsal surface of body indistinctly blotched or marbled C. platystoma (Essequibo to Sinnamary Rivers) 4a. -Abdominal cover constituted of small granular platelets on the abdomen 5 4b. -7b. -Head depth representing 32.0-38.8% of HL H. tuna (Paru de Oeste River) 8a. -Minimum caudal peduncle depth representing 7.3-15.8% of caudal peduncle length

  with addition of 51 putative representatives of Harttiini. These later included the type species of Harttia, Cteniloricaria, Harttiella, and Quiritixys. One additional outgroup, Pseudorinelepis genibarbis (Valenciennes in Cuvier & Valenciennes, 1840), was added to root the tree following results ofMontoya-Burgos et al. (1998). The list of material used for this study is provided in Table1. The analyzed samples came from the tissue collection of the Muséum d'histoire naturelle de la Ville de Genève (MHNG), Geneva, Switzerland, the Laboratório de Biologia e Genética de Peixes (LBP) Universidade Estadual

Paulista "Júlio de Mesquita Filho" (UNESP), Botucatu Brazil, and the Museu de Zoologia da Universidade de São Paulo (MZUSP), São Paulo Brazil. The sequences were deposited in GenBank.

Table 1 .

 1 Taxa list, specimen and sequence data for the 71 species of Loricariinae including 52 Harttiini, and outgroup analyzed in this study. The acronyms of institutions followFricke and Eschmeyer (2010). Abbreviations used in the multivariate analyses are provided between square brackets.

		Ref.		
	F-RTN4	bases	+ GenBank	No.
		Ref.		
	mt 12S+16S	bases	+ GenBank	No.
	Locality			
	Field	Number		
	Catalog Number			
	Species			

table R

 R was a 52 x 52 table containing row scores of the PCoA of Harttiini, table Q a 34 x 34 table containing row scores of the PCoA of Hypostomus, and table L a 52 x 34 cross table of co-occurrences. The mathematical model of RLQ is described in

  surinamensis and H. fluminensis). H. tuna inhabits a tributary of the Paru do Oeste River that flows toward the Amazon. These three species formed in turn the sister group of all populations of H. guianensis from FrenchGuiana (Sinnamary, Approuague, and Maroni Rivers). Internal relationships in this clade were highly supported by bootstrap values and posterior probabilities, whereas deeper relationships suffered from a significant lack of statistical support in both ML and Bayesian analyses. The second clade was constituted by all Cteniloricaria but C. fowleri. Cteniloricaria napova formed the sister group of all Guianese representatives that included all populations of the type species C. platystoma. Cteniloricaria napova also inhabits the Paru do Oeste River that flows toward the Amazon. The populations of C. platystoma from French Guiana (Maroni and Mana Rivers) formed the sister group of the populations from Suriname(Suriname and Corantijn Rivers) and Guayana (Esssequibo River). Internal relationships were also strongly supported, contrary to the base of the clade in both analyses. The third clade was constituted of representatives of Harttiella, including the type species H. crassicauda. This clade formed the sister group of Amazonian and Internal relationships within the Amazonian clade were highly supported by both bootstrap values and posterior probabilities.In the Southeastern clade, representatives of H. kronei from the Ribeira de Iguape River, a coastal river of the Brazilian Shield, formed the sister group of all remaining Harttia species.The second diverging species was H. loricariformis (type species of Harttia) from the Paraíba do Sul River, also a coastal river of South East Brazil, that formed the sister group of two This clade split into two groups, on one hand H. torrenticola from the São Francisco basin as sister species of H. carvalhoi from the Paraíba do Sul River, and on the other hand H. gracilis from the Upper Paraná basin forming the sister group of the remaining Harttia representatives from the São Francisco basin (H. longipinna…). Within the Southeastern clade, internal relationships were generally strongly supported, except for the three subclades forming the sister group of H. loricariformis that suffered from a lack of statistical support. The bootstrap majority rule consensus tree (consensus level = 50) over 1,000 pseudoreplicates, and the Bayesian majority rule consensus tree (consensus level = 0.50) were fully congruent with the exception of the position of H. gracilis that was better supported in the Bayesian reconstruction. Both trees showed the same polytomies in the deepest part of the trees, with no resolution of the positions of the clades containing the Guianese representatives of Harttia and Cteniloricaria, in regards to the other Harttiini, as well as between the sister groups of H. loricariformis.

Southeastern representatives of Harttia. Internal relationships between Harttiella representatives were strongly supported, with H. crassicauda from Suriname forming the sister group of H. pilosa (Orapu River) in French Guiana, both in turn forming the sister group of the species H. longicauda (Approuague and Mana Rivers) in French Guiana. Deeper relationships were also poorly supported in both reconstructions. The fourth diverging group was split into two clades, one made of all Harttia representatives from South-East Brazil, and one made of all Harttia representatives from the Amazon basin plus C. fowleri. This species inhabits the Oyapock River, a coastal river that forms the boarder between French Guiana and Brazil, and connected at base of the Amazonian clade, a strongly supported position. The sister group of C. fowleri was constituted on one side by Harttia representatives from Tapajós and Xingu Rivers (H. dissidens, H. duriventris…), and on the other side by Harttia representatives from Tocantins River (H. punctata…).

groups. The first one was constituted of H. novalimensis, and H. leiopleura (type species of Quiritixys) from the São Francisco basin, in a sister position to a second clade that included all remaining species of Harttia.

Table 2 .

 2 Alternative

	Hypothesis	lnL	lnL	SH	AU
	H0: (HG,(C,(Ht,(HA,HSE))))	-39708.37	-	-	-
	H1: (C,(HG,(Ht,(HA,HSE))))	-39708.67	-0.30	0.708	0.576
	H2: (HG,(Ht,(C,(HA,HSE))))	-39710.19	-1.82	0.595	0.430
	H3: (Ht,(HG,(C,(HA,HSE))))	-39711.09	-2.72	0.406	0.380
	H4: (Ht,(C,(HG,(HA,HSE))))	-39711.96	-3.59	0.389	0.274
	H5: (C,(Ht,(HG,(HA,HSE))))	-39711.00	-2.63	0.600	0.320
	3.2 Spatial co-structure analysis of Harttiini and Hypostomus' phylogenies.	

phylogenetic relationships evaluated using the Shimodaira and Hasegawa (SH) and Approximately Unbiased (AU) testing procedures. C: Cteniloricaria clade; Ht: Harttiella clade; HG: Harttia Guianese clade; HA: Harttia Amazonian clade; HSE: Harttia South-eastern clade.

Table 3 .

 3 Main characteristics of the RLQ analysis. covariance: covariance (maximized by the analysis) between linear combinations of variables of R and Q (principal coordinates of Harttiini and Hypostomus phylogenies) using the link table L (species co-distribution); inertiaR: maximum inertia projected onto the axes of the simple analysis of Harttiini (eigenvalues of the PCoA); coinertiaR: maximum inertia of the simple analysis of Harttiini projected on the axes of the RLQ analysis; inertiaQ: maximum inertia projected onto the axes of the simple analysis of Hypostomus (eigenvalues of the PCoA); coinertiaQ: maximum inertia of the simple analysis of Hypostomus projected on the axes of the RLQ analysis; corr: correlation between both systems of coordinates (R and Q) onto RLQ axes.to the first axis was twice greater than the one associated to the second axis.. The inertia projected onto RLQ axes was very close to the one projected onto inertia axes of the initial analyses: 96.47 % (42.5/44.05) of the Harttiini data structure and 87.14 % (27.67/31.75) of the Hypostomus data structure were recovered by axes 1 and 2 of the spatial co-structure analysis. Correlations between both data sets and RLQ axes were also high (0.62 on the first RLQ axis and 0.83 on the second one). Axis 1 of the RLQ analysis defined the continental scale of distribution of both lineages and split representatives from the Brazilian Shield plus

		covariance	inertiaR	coinertiaR	inertiaQ	coinertiaQ	corr
	Axis 1	13.48	24.6	20.99	26.3	22.71	0.62
	Axis 2	8.53	19.45	21.51	5.45	4.96	0.83

Table 2

 2 The different alternative topologies evaluated here do not allow to reject this hypothesis. Even though a more nested position was found by the best ML reconstruction, the AU and SH tests failed to rejectBoeseman's hypothesis (Table 2, H3 and H4). Finally, the nested position of H. leiopleura (type species of Quiritixys) within the Southeastern clade, as well as the position of H. loricariformis (type species of Harttia) as sister species of all Southeastern Harttia but H. should therefore be interpreted as local adaptations of Harttia, or to a morphological stasis, Harttiella forming the sister group of the Amazonian-Southeastern representatives.Despite evident sampling bias between Harttiini and Hypostomus data sets (e. g.Harttiini sampling rich in Guianese and poor in Upper Paraná representatives versus an opposite sampling in Hypostomus) making direct comparison difficult, the RLQ analysis highlighted a significant spatial co-structure of both phylogenies. If the hypothesis of codispersion events is correct, the inferred subsequent dating events should be comparable between both sub-trees corresponding to Amazonian and Southeastern representatives.Montoya-Burgos (2003) reported a second cladogenetic event within his clade D3 corresponding to the isolation of the Southeastern Hypostomus species of the Rio São Francisco from the Upper Paraná species estimated around -6.4 to -5.7 Ma. Even though a single representative of Harttia from Upper Paraná is present in our data set (H. gracilis), the splitting of this species from representatives from the Rio São Francisco (H. longipinna, H.

, H4 and H5) does not allow envisaging the placement of Guianese Harttia in a distinct genus. In the same way, Boeseman (1971) hypothesized a rather basal position concerning Harttiella, as sister group (excluding Farlowellina) of Cteniloricaria (Parasturisoma in Boeseman) and Harttia. kronei, does not allow the recognition of Quiritixys as a valid genus. The unusual sexual dimorphism expressed in H. leiopleura and the small size, comparable to that of a Harttiella, of the two known representative of the group (H. leiopleura and H. novalimensis), sp. Tres Marias, and H. sp. São Francisco) is estimated around -

  , and refers to H. plecostomus from Oyapock River in French Guiana, as sister group of H. sp. 49 + 36 from the Amazon. This branching pattern is strikingly similar to that of H.

	These apparent similarities between branching patterns are only observed by chance and may
	lead to false interpretations. Trees' topologies should thus be first submitted to robust
	inferences such as RLQ in order to detect significantly congruent patterns, as it is the case
	here. Visual comparisons of trees should be consequently avoided as much as possible. Only
	Hypostomus watwata displays small variations on PCO2. This Guianese species forms the
	base of clade D2 as sister group of the previous group on one hand, and of a group of

fowleri from the Oyapock River as sister group of Amazonian species of Harttia. The splitting between H. plecostomus and H. sp. 49 and H. sp. 36 was estimated around -5.5 Ma by

Montoya-Burgos (2003)

, whereas splitting of H. fowleri from other Amazonian species is estimated around -8.42 to -8 Ma. This estimation appears superior and the dating for Hypostomus is out of the confidence interval for this node, what could imply different dispersion processes (so no direct co-dispersion). Indeed, H. plecostomus and its sister species are inhabitants of the lower part of rivers, in quiet and muddy waters, whereas Harttia are rheophilic species inhabiting the upper part of rivers in clear and swift current. Due to these ecological constraints, H. plecostomus and relatives are able to disperse through coalescing river mouths in low sea level periods, contrary to Harttia representatives that are more likely able to disperse through headwater captures. Moreover, this branching pattern does not display variation on the second PCO of Hypostomus, implying a different tree's structure.

Hypostomus from coastal rivers of Southeastern Brazil and Paraná River on the other hand.

Table 1 .

 1 Taxa list, specimen and sequence data for the 350 Loricariinae and 18 outgroup representatives analyzed in this study. The acronyms of institutions followFricke and Eschmeyer (2010).

	Ref.		
	F-RTN4 bases	+ GenBank No.	2112 FJ013232
			2008
	Ref.		Covain et al.
	mt 12S+16S bases	+ GenBank No.	2435 EU310447
	Locality		French Guiana, Marouini River
	Field Number		GF00-351
	Catalog Number		MHNG 2643.016
	Species		Harttia guianensis

  Cteniloricaria and Harttiella were found monophyletic with high statistical supports. Cteniloricaria included two species, C. napova and C. platystoma (type species). Harttiella comprised six species, H. crassicauda (type species), H. , and H. tuna did not group with other Harttia or with another genus, except in the Bayesian reconstruction where they formed the sister group of Cteniloricaria with very low posterior probabilities (0.53). The only relationship strongly supported in Harttia was the

	parva, H. pilosa, H. longicauda, H. intermedia, and H. Lucifer. Harttiella intermedia was
	found nested within H. longicauda. Relationships among other Harttiini belonging to Harttia
	were partly unresolved. Guianese Harttia comprising H. guianensis, H. surinamensis, H.

fluminensis

  clade including Amazonian representatives(H. punctata, H. duriventris, etc…) plus the Guianese H. fowleri in a sister position to representatives from South east Brazil (including H. loricariformis, type species of the genus and H. leiopleura type species of Quiritixys). Deeper relationships among genera were not statistically supported.

Table 3 .

 3 Tests against the absence of phylogenetic dependence for the multivariate dataset and for each variable. Variables are titled as in table1. Global: multivariate dataset; dark grey: quantitative data; light grey: qualitative data. R2Max, SkR2k, Dmax, and SCE tests: tests against phylogenetic dependence as defined byOllier et al. 

Table 3 .

 3 End. Harttiini having larger eye), between Farlowellina and Loricariina (Farlowellina with usually smaller eye), and between members of Rineloricaria consisting in R. sp. Puerto Ayacucho and its sister group comprising R. fallax, R. melini, and R. teffeana (the latter with larger eye). The orthogram of the Relative Mouth Width (Fig. 8-RMW) pointed out vectors 1, 3, 6, and 15 as explaining the greatest part of the trait variance, i.e. between Harttiini and Loricariini lineages (Harttiini having wider mouth), between Rineloricaria and all other Loricariina (consisting in Loricariichthys, Loricaria and Pseudohemiodon groups) the latter having usually a wider mouth, between Loricaria and Pseudohemiodon groups (Pseudohemiodon with wider mouth), and between Southeastern and Northern Rineloricaria (Southeastern species with wider mouth). The orthogram of the Relative Mouth Height (Fig. 8-RMH) pointed out the first vector as explaining the major part of the variance distribution, i.e. between Harttiini and Loricariini, Harttia having the highest mouth.
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.

  Harttiella intermedia represents thus a rather recent vicariant form of H. longicauda isolated in the Trinité Massif in French Guiana, and corroborates the hypothesis of Covain et al. (in press) of a morphologically fast evolving species not yet genetically distinguishable from its ancestor following the example of the East African lacustrine cichlid species flock (e.g. Won et al., Aposturisoma should be considered a junior synonym of Farlowella. Nevertheless, this question still deserves further evidences before statement. The second highlighted paraphyly concerns the genera Sturisoma and Sturisomatichthys. Contrary to the preceding case, a strong geographical structure is present in this result with one group of Sturisoma comprising all cis-Andean species, and a second group comprising all trans-Andean members of Sturisoma and Sturisomatichthys. Moreover, the type species of Sturisoma, S. rostrata, is described from Brazilian rivers, whereas the type species of Sturisomatichthys, S. leightoni, is described from the Magdalena River in Colombia. For these reasons, Sturisoma is here restricted to the Sturisoma, i.e. the absence of a rostrum in Sturisomaticthys, is not phylogenetically informative as attested by the orthogram of this feature (see vector 12 in Fig. 8-rost).

	2005).

Within Loricariini, the phylogeny of Farlowellina revealed unexpected results. All genera but Lamontichthys and Pterosturisoma appeared paraphyletic. The nested position of Aposturisoma within Farlowella renders indeed the latter polyphyletic. If one considers Aposturisoma as a valid genus based on its particular body shape, ecological habits, and restricted distribution to the Huacamayo-Aguaytia drainage, members of the F. amazona species group (sensu

Retzer and Page, 1997) 

should be placed in a new genus. However, the lack of significant distinctive features between the F. amazona group and other Farlowella, and the close relatedness of Aposturisoma and Farlowella, may imply that Aposturisoma corresponds to a local form of Farlowella adapted to rheophilic habits. This corroborates the hypothesis of

Covain and Fisch-Muller (2007) 

that saw the morphological characteristics of Aposturisoma as adaptations to stream habitat rather than an intermediary shape between Farlowella and Sturisoma as supposed by

Isbrücker et al. (1983)

. If this hypothesis applies, species occurring in the cis-Andean region whereas Sturisomatichthys comprised all former trans-Andean species of Sturisoma and Sturisomatichthys. Moreover, the diagnostic feature provided by

[START_REF] Aposturisoma Myriodon Isbrücker | tributary of Río Aguaytia, Huanuco, Río Huacamayo, Madre de Dios, Peru; Brochiloricaria chauliodon Isbrücker[END_REF] 

to distinguish Sturisomatichthys from

  Rineloricaria constitutes by far the most species rich genus of the Loricariinae, including 66 Hemiloricaria caracasensis), but they finally left it in the synonymy of Rineloricaria by lack of obvious characters to split these two genera. In an aquarist hobbyist journal,Isbrücker (in Isbrücker et al., 2001) changed his mind and finally revalidated Hemiloricaria based on the disposition of breeding odontodes in males, and assigned 24 species to this genus (e.g. R. altipinnis, R. eigenmanni, R. lanceolata, R. parva, R. platyura, R. wolfei…), most of them belonging to different lineages considering the present results. Moreover, the breeding odontodes on the predorsal area of males are not always present in the species assigned to this group (e.g. R. platyura). In the same publication, Isbrücker and Michel described Fonchiiichthys (type species: Loricaria uracantha), and Isbrücker described Leliella (type species: Rineloricaria heteroptera) on the basis of subtle differences in the sexual dimorphism. However, our phylogenetic reconstruction found R.

valid species and 60 to 80 estimated undescribed. Several attempts have been made to split this genus into different genera.

[START_REF] Isbrücker | Rineloricaria heteroptera, a new species of mailed catfish from Rio Amazonas near Manaus, Brazil (Pisces, Siluriformes, Loricariidae)[END_REF] 

proposed the revalidation of Hemiloricaria Bleecker, 1862 (type species: uracantha, R. heteroptera and R. eigenmanni (a very close relative of R. caracasensis following the examination of type specimens) within the same clade. For these reasons, Hemiloricaria, Fonchiiichthys, and Leliella are here placed in the synonymy of Rineloricaria.

  reported indeed variations in morphometric features of H. acipenserinus, with populations from the Amazonian region tending to be slender than those from the Paraguay and Guaporé Rivers. Conversely, despite a nomenclatural imbroglio (seeCovain and Fisch-Muller, 2007), Limatulichthys displays much shorter branches among its populations than previous genera. Consequently it may correspond to a single widespread species.Within the Loricaria group, the nominal genus is found paraphyletic. Loricaria prolixa connects indeed in a sister position to representatives of Brochiloricaria, and L. apeltogater in a sister position to Paraloricaria. Loricaria prolixa was designated byIsbrücker (in Isbrücker et al., 2001) as type species of a new genus Proloricaria, based on a flattened and anteriorly broad body. The weakness of these supposed diagnostic features whose are also valid for other genera (e.g. Pyxiloricaria, Pseudohemiodon) leaded several authors to consider

  Pseudohemiodon group, rendering Crossoloricaria paraphyletic. Crossoloricaria is poorly diagnosed, its only distinctive character (incomplete abdominal cover consisting of a double median row of plates) being shared by Apistoloricaria and Rhadinoloricaria. Moreover, Based on the phylogenetic results and the weakness of these diagnostic features (see orthograms of the presence or absence of an abdominal cover, of a secondary organization in the abdominal cover, and of a rostrum, vector 29 in Figs.8-abd, 8-ssec and 8- 

	Crossoloricaria rhami possesses a complete abdominal plate development (Isbrücker and
	Nijssen, 1983), thus rendering the diagnostic feature of Crossoloricaria invalid. In addition,
	Apistoloricaria is also not well diagnosed and is distinguished from Rhadinoloricaria
	primarily by the presence or absence of the iris operculum (absent or vestigial in
	Apistoloricaria versus present in Rhadinoloricaria), a more conspicuous rostrum in

Rhadinoloricaria, and by the number of fringed barbels (14 in Apistoloricaria versus 12 in Rhadinoloricaria).

  defined the Harttiini as having the dorsal fin originating approximately opposite to the pelvic-fin origin, the caudal fin with 12 (rarely 11) soft rays, no orbital notch, and little variability in tooth and lip structures, and placed Sturisoma, Harttia, mixing mitochondrial and nuclear data (Chapters 2, 4, and 5) demonstrated that this grouping was not natural, and that Harttiini was restricted to only three genera Harttia, Harttiella, and Cteniloricaria (Chapters3 and 4). Other genera but Metaloricaria were placed in a new subtribe of the Loricariini named Farlowellina, and Metaloricaria formed the sister genus of all other Loricariina (Chapters 1, 2, 4, and 5). Moreover the exhaustive phylogeny provided in Chapter 5 revealed complex evolutionary patterns in Farlowellina with Farlowella, Sturisoma, and Sturisomatichthys found paraphyletic despite their highly derived morphology making them resemble sticks of wood. Different synonymies (Ixinandria and Apistoloricaria) and revalidations (Proloricaria) were also highlighted in Loricariina. In addition, nine new species (six Harttiella, two Harttia, and one Cteniloricaria), and the new genus and new species Fonchiiloricaria nanodon were revealed and described (Chapters 2 and 3) increasing the total number of valid species to 230 distributed in 31 genera. All different chapters developed throughout this work provide thus significant updates to our knowledge and understanding of the complex systematics of the Loricariinae.

	Lamontichthys, Harttiella, Pterosturisoma, Cteniloricaria, Sturisomatichthys, and
	Metaloricaria within Harttiini. Based on the same diagnostic characters Covain and Fisch-
	Muller (2007) (Annex 2) recovered partly this grouping using a partitioning hierarchical

analysis, with Metaloricaria and Farlowella branching out of the tribe due to diverging features. However, for identification purposes these authors followed the classification of

Isbrücker (1979)

. Molecular phylogenies reconstructed using mitochondrial (Chapter 1) and a combined dataset

  to deal with categorical variables and multivariate data including tables mixing qualitative and quantitative data, providing therefore a new global test of phylogenetic autocorrelation. These new tools give thus a clear prominence to the phylogenetic dependence of a table at different levels (global or local)

  and Regan (1904) who provided complementary descriptions of the species based on two specimens also collected in Suriname by Kappler, but sent to the British Museum.Recently, Ronald Fricke found a dried specimen with label indicating SMNS 186, Pseudacanthicus serratus, 1 ex, Surinam, Kappler (type-written) and also "Holotype ofChaetostomus mediansKner, 1854" (hand-written). It has the inventory number 186 written in ink on its lower side. The specimen, considered as putative holotype, was photographied by N. Khardina and is illustrated on the All Catfish Species Inventory Image Base (Morris, Jager

	&	Sabaj	Pérez,	2010;	images	available	at
	http://acsi.acnatsci.org/base/image_show_wrapper.html?target=589063, accessed on the 2 nd

  Ancistrus medians[START_REF] Kner R | Die Hypostomiden. Zweite Hauptgruppe der Familie der Panzerfische (Loricata vel Goniodontes)[END_REF]: SMNS 26503 (ex MHNG 2675.094), 164.1 mm SL mm SL, French Guyana, Maroni River basin, Grand Inini River, Saut "S", 3°36'19''N 53°48'25''W, P.-Y. Le Bail et al., 1 Oct. 1997. The specimen is illustrated in Figure4.As described by Kner, H. medians has a stocky structure, body being stout, deep and wide. Trunk plates are keeled and rough-toothed, with odontodes horizontally aligned on lateral plate series, odontodes of the central line on each plate longer than others. The snout is broad and rounded. The eye is large (23.3% HL for neotype; 18.6-26.9, mean 23.9±2.4 for 12 specimens of 61.9-196.5 mm SL), dorsal margin of the orbit forming a crest. Jugal odontodes are strong and hooked, longest largely behind posterior margin of orbit in large specimens.Their numbers vary from 20 in a small specimen (61.9 mm SL) up to 60 in a large one(196.5 mm SL) (neotype: 49/53). The mouth is broad. The tooth row cup is medium sized (dentary: 16.9% HL, 15. mean 17.1±1.3; premaxillary 16.9% HL, mean 16.9±1.1), bearing strong teeth with two elongated cusps very similar in size and shape. The number of teeth is variable, slightly higher on dentary (32/25; 14-41, mean 24.1± 6.6) than on premaxillary(21/24; 12-35, mean 20.6 ± 6.2). Dorsal fin is high, with a long spine (30.6% SL; 28.3-37.2, mean 32.7±2.7) and seven branched rays. Pectoral-fin spine is long (35.6% SL; 35.0-37.5, mean 36.1±0.7) and strong, its distal part bearing dorsally elongated odontodes.Pelvic fin is very long (29.0% SL; 27.2-31.0, mean 29.4±1.2), but in examined specimens reaching only to behind middle of anal fin, not passing anal fin as described for the holotype.

Table II .

 II -Morphometric and meristic data for the type series of Peckoltia otali, Peckoltia capitulata, Peckoltia simulata and Panaqolus koko. H: holotype. N: number of specimens measured. P: paratype. SD: standard deviation. Computed statistics include holotype.

	1.5	1.0		SD	11.1		2.4	1.4	1.0	0.5	0.7	0.8	0.6	0.7	0.5	0.5	1.6	0.8	0.9	0.5	0.6	0.7	2.4	2.1	1.1		1.8	1.9
	33.2 6 29.4 -33.2 31.6	10.8 6 8.3 -10.9 9.9	Panaqolus koko	H N Range Mean	90.1 6 62.7 -90.1 77.6		132.1 6 126.2 -132.4 130.9	40.2 6 38.9 -42.2 40.4	19.5 6 18.7 -21.5 19.9	31.5 6 30.6 -32.1 31.4	33.8 6 32.9 -35.1 33.9	28.9 6 28.6 -30.7 29.5	28.7 6 27.6 -29.0 28.4	16.7 6 16.4 -18.4 17.1	29.8 6 29.8 -31.3 30.3	26.4 6 25.9 -27.1 26.6	23.7 6 21.6 -26.7 23.7	24.4 6 22.2 -24.4 23.7	29.0 6 27.2 -29.1 28.1	13.1 6 12.0 -13.4 12.9	7.3 6 5.9 -7.5 6.9	15.9 6 14.4 -16.3 15.3	19.5 6 19.5 -26.3 24.2	31.0 6 27.1 -33.3 30.3	28.5 6 26.3 -29.5 27.9		77.2 6 75.5 -80.7 77.6	60.8 6 56.1 -60.8 58.1
	1.7	0.8		SD	1.6		3.1	1.2	0.3	0.6	0.4	1.4	0.1	0.2	1.4	1.5	1.3	0.4	0.5	0.1	1.4	0.3	1.1	1.8	0.7		1.8	1.7
	33.8 3 33.8 -37.1 35.5	13.2 3 11.8 -13.2 12.3	Peckoltia simulata	H N Range Mean	83.4 3 80.4 -83.4 82.3		136.8 2 132.4 -136.8 134.6	42.8 3 40.5 -42.8 41.8	20.4 3 19.8 -20.4 20.0	30.7 3 29.5 -30.7 30.2	34.4 3 33.7 -34.4 34.0	28.8 3 28.4 -31.1 29.4	26.4 3 26.1 -26.4 26.3	16.3 3 16.0 -16.5 16.3	31.2 3 29.4 -32.2 30.9	27.2 3 24.5 -27.2 26.2	22.8 3 20.4 -22.8 21.4	24.1 3 23.5 -24.3 23.9	29.6 3 29.6 -30.5 30.2	10.2 3 10.2 -10.5 10.3	10.4 3 9.0 -11.8 10.4	15.9 3 15.3 -15.9 15.7	33.6 3 31.5 -33.6 32.4	23.3 2 23.3 -25.8 24.5	27.0 3 25.6 -27.0 26.4		74.2 3 71.1 -74.3 73.2	61.3 3 57.9 -61.3 59.5
	0.1	0.6		SD			-	0.1	1.4	0.2	0.1	0.1	0.1	0.3	0.1	0.6	2.0	0.5	1.5	0.3	0.9	0.1	-	-	0.4		2.1	4.7
	34.4 34.5	13.8 13.4	Peckoltia capitulata	P Mean	59.5 68.4		--	40.5 40.6	18.4 19.4	30.2 30.4	33.4 33.5	27.7 27.8	26.0 25.9	18.1 17.8	30.6 30.6	25.0 25.5	24.3 22.9	22.2 22.5	30.9 31.1	11.7 11.5	10.6 10.5	13.9 14.0	--	--	26.0 26.3		80.4 78.9	59.1 55.7
	34.5	12.9		H	75.9		-	40.6	20.4	30.5	33.6	27.9	25.8	17.6	30.7	25.9	21.5	22.8	32.2	11.3	10.5	14.1	-	-	26.5		77.5	52.4
	1.2	1.1		SD	8.4		3.0	1.1	1.0	0.9	1.2	1.5	0.9	1.0	1.2	1.1	1.0	0.9	1.0	0.4	0.8	1.3	1.6	2.3	1.1		2.4	1.9
	32.6	12.3		Mean	62.1		133.9	45.0	23.8	35.2	37.2	30.0	26.6	15.2	32.2	27.3	23.9	23.3	28.2	13.1	9.8	17.0	28.5	32.4	30.5		80.0	56.7
	29.8 -34.4	10.6 -14.8	Peckoltia otali	Range	39.7 -76.5		130.2 -140.4	42.7 -47.7	22.5 -25.7	33.8 -37.1	35.4 -40.1	27.5 -34.3	25.1 -28.2	13.0 -17.4	30.0 -34.3	24.8 -29.6	22.1 -26.2	20.9 -24.6	26.5 -29.8	12.4 -13.8	8.4 -12.1	14.4 -19.2	25.7 -31.6	28.2 -37.5	28.2 -32.4		76.1 -84.4	52.2 -59.3
	23 32.3	23 11.7	19.9	H N	76.5 23		133.1 20	23 44.3	23 24.4	23 35.2	23 36.9	21 31.2	23 26.8	23 16.3	23 33.3	23 29.0	23 22.4	23 24.1	23 29.4	23 12.9	23 11.1	22 19.2	18 27.1	20 32.2	23 29.5		23 79.8	23 58.2
	Interorbital width	Plated internostril distance	Orbital diameter		Standard length (mm)	Percents of standard length	Total length	Predorsal length	Head depth at supraoccipital	Cleithral width	Head length	Dorsal spine length	Dorsal-fin base length	Interdorsal distance	Pectoral spine length	Pelvic spine length	Thoracic length	Abdominal length	Caudal peduncle length	Caudal peduncle depth	Adipose spine length	Anal fin length	Upper caudal spine length	Lower caudal spine length	Body width at dorsal-fin origin	Percents of head length	Supracleithral width	Snout length
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Vari, R.P. & Ferraris, Jr., C.J.. (2009). New species of Cetopsidium (Siluriformes: Cetopsidae: Cetopsinae) from the upper rio Branco system in Guyana. Neotropical Ichthyology 7, 289-293. Mountains and Crique Cascade) and Maroni River (Crique Limonade), a grouping statistically strongly supported (100% bootstrap). These two populations were genetically almost identical with null K2P distances within-population and a between-population distance of 0.0017. The second well supported (100% bootstrap) diverging group comprised representatives from Approuague River (Crique Cascades), Mana River (Crique Aya), and Sinnamary River (Trinité Mountains). Within-population variation ranged from 0 to 0.003, whereas betweenpopulation distances ranged between 0.0017 and 0.005. The last group, also statistically well supported (72.3% bootstrap) comprised populations from Maroni River (Atachi Bakka Mountains and Nassau Mountains) including the type species H. crassicauda, and from Orapu River (Crique Grillon). The within-population variations ranged from 0 to 0.0017 whereas between-population variations were comprised between 0.031 and 0.034. The Harttia group included all populations of H. guianensis (Approuague, Sinnamary, and Maroni Rivers), H. surinamensis (Suriname River), and the populations from Coppename and Paru de Oeste Rivers. Within the H. guianensis lineage, the K2P distances ranged from 0 to 0.0017, and with other Harttia, it diverged by K2P distances ranging from 0.064 (H. surinamensis) to 0.077 (Paru de Oeste River). H. surinamensis diverged from other representatives by distances ranging from 0.012 (Coppename River) to 0.070 (Paru de Oeste River), while it differed by a mean distance of 0.065 with H. guianensis. The specimens from Coppename River diverged from other representatives by distances comprised between 0.012 (H. surinamensis) and 0.068 (Paru de Oeste River). The population from the Paru de Oeste possessed the strongest divergence compared to other representatives, ranging from 0.068 (Coppename River) to 0.077 (H. guianensis from Approuague River). The Cteniloricaria group comprised C. platystoma (type species), the different populations of C. maculata (Corantijn, Suriname, Maroni and Mana Rivers), as well as an unnamed population from Paru de Oeste River. The latter possessed the strongest divergence from other populations with K2P distances comprised between 0.057 (C. platystoma, Essequibo River) and 0.070 (C. maculata, Mana River). C. platystoma connected within the different populations of C. maculata and differed from them by distances varying from 0.003 (Corantijn River) to 0.019 (Maroni River). The within-population variation in C. maculata ranged between 0.005 and 0.025. H. fowleri connected at the base of the tree, and possessed mean sequence divergences ranging from 0.149 with the Cteniloricaria group, and 0.182 and 0.208 in average with the Harttia and Harttiella groups respectively. In the light of this topology the GC content was explored for the different groups constituted (with exclusion of H. fowleri, alone in its own group). Significant differences in mean were recorded for the global GC content (Kruskal-

Multiple co-inertia analysis of morphology, genetics and ecology of Guianese Harttiini

The results obtained from the three previous analyses seemed to imply that a common structure was shared between the three types of information (morphology, genetics, and ecology), in particular considering the first axis. The three tables were consequently reduced to 19 common species and populations and submitted to preliminary analyses prior to the multi-table analysis. A first assessment of the relationships between morphology, genetics, and ecology was performed using the CADM test. Prior to its computation, mean population scores obtained from the PCA of the morphological and ecological data were converted into distances matrices using the canonical metrics. The K2P matrix was used as is. A first visual representation of the common structure present within each table was obtained by levelplots of the three distances matrices (Tab. III). The structure of the information was mainly organized into three blocs corresponding to the three groups previously defined (Tab. III, columns Genetic and Morphology). The ecological data set (Tab. III, column Ecology) was organized into two blocs corresponding to the splitting between Harttiella and Harttia + Cteniloricaria despite important background noise. The global CADM test showed a strong and significant correlation between all distance matrices (p-value = 0.0001; W = 0.666). A posteriori tests did not detect any conflicting matrix, since each of them displayed significant correlations with respect to the other matrices (Tab. III). Pairwise Mantel correlations highlighted that the genetic data were more correlated to the morphometric (Mantel = 0.596, p-value = 0.0001) and ecological data (Mantel = 0.509, p-value = 0.0001) than were the latter to morphometric data (Mantel = 0.393,. The first plane of MCOA accounted for 74.11% of the total co-structure (54.74 % for axis 1 and 19.37 % for axis 2) (Fig. 4c). MCOA statistics provided in table III showed that the amount of variation explained by MCOA axes is quite equivalent to those obtained in the separated analyses: 99.46% ((0.481+0.252)/(0.486+0.251) = 0.733/0.737) of the genetic data structure, 99.39% of the morphological data structure, and 93.05% of the ecological data structure were recovered by the first two axes. The contribution of each table to the quantity maximized by MCOA (i.e. sum of squared covariances between the linear combinations of the variables of each table and the compromise) is also presented (Cov 2 in Tab. III). The associated correlations (Cos 2 in Tab. III) showed that the first two axes of the compromise are strongly linked to each separated table except for the second axis of ecological data (0.957 and 0.953 for the genetic data, 0.922 and 0.908 for the morphometric data, and 0.868 and 0.324 for the ecological data). The first axis of MCOA aligned the Harttiella group (negative scores) followed by Harttia then

Distribution and habitat

Known from upper Paru de Oeste River (Fig. 5).

Etymology

The species group name tuna is from the Amerindian Trio-Wayana meaning river, water. It refers to H. fluminensis which has a name with the same meaning, because of their extreme morphological resemblance. A name used in apposition. [START_REF] Oxyloricaria Fowleri Pellegrin | Camopi River[END_REF] (Supplementary material S8) Oxyloricaria fowleri Pellegrin, 1908: 126. Type locality: Rivière Camopi (Guyane française). Holotype: MNHN 1901-0372.

Harttia fowleri

Harttia fowleri [START_REF] Oxyloricaria Fowleri Pellegrin | Camopi River[END_REF] : Boeseman 1971:9;Rapp Py-Daniel and Oliveira 2001:81;Provenzano et al. 2005:521;Covain et al. 2006:9. Cteniloricaria fowleri [START_REF] Oxyloricaria Fowleri Pellegrin | Camopi River[END_REF] : Isbrücker 1979:91; Burgess 1989:440; Le Bail et al. 2000:266; Isbrücker 2001:26, 30; Isbrücker 2002:15; Ferraris in Reis et al. 2003:331; Ferraris 2007:233; Vari et al. 2009:39. Morphometric and meristic data are provided in table I, and GenBank accession number for barcode in table II. Only one morphometric variable distinguishes H. fowleri from all congeneric species (Tab. V). Harttia fowleri possesses more numerous lateral abdominal plates [mean = 10±2 versus 7±1 < mean < 8±2; (HSD, p-values < 0.0001)]. K2P distances to congeneric species ranged between 0.176 and 0.190. Its colouration mimics the substrate. The background colour of the dorsal surface is reddish tan (Supplementary material S6-C). Sparse dark marbling covers the head surface and 5 to 8 (modally 6) distinct postdorsal bands are present. The eyes are golden to copper-coloured. In juveniles, this colour pattern is more contrasted over a rather greenish background dorsal colour (Supplementary material S6-D). A large deep black basicaudal blotch is present. The caudal fin is deeply forked with the distal end of the lower and upper lobes black, and the medial part yellowish. A black blotch is also present on the tip of the dorsal fin. All paired-fins and dorsal-fin spines are covered with dark spots. The surface colour of paired fins is reddish anteriorly, rather yellowish further posteriorly, and blackish toward their extremity. The lower surface of body is yellowish tan. 

Supplementary material

Chapter 4

Tracking back co-dispersion events between Harttiini and Hypostomus (Siluriformes: Loricariidae) by comparative phylogeography: a new approach using the RLQ analysis.

Raphaël COVAIN (1,2,3), Guilherme COSTA SILVA ( 4), Sonia FISCH-MULLER (1), Juan I. MONTOYA-BURGOS (2), Claudio OLIVEIRA ( 4), Jan H. MOL ( 5), Osvaldo T. OYAKAWA ( 6) & Stéphane DRAY (3). [oyakawa@usp.br]

The RLQ analysis is here evaluated to detect co-dispersion events in two co-distributed groups of the Loricariidae: the Harttiini tribe, and the Hypostomus genus. The detection of common structures in both phylogenies being potentially related to co-dispersion events, the dating provided in one phylogeny for the dispersion of Hypostomus species will be applied to the phylogeny of Harttiini to propose a phylogeographic hypothesis for the historical diversification of this tribe at the sub-continental scale.

To be submited. 

In press

Then PCoA were computed using the CA rows and columns' weights for the Harttiini and Hypostomus phylogenies respectively. A first general assessment of the relationships between both phylogenies under spatial constraint was performed using a monte carlo testing procedure based on the total spatial coinertia (sum of eigenvalues) of the RLQ analysis, and showed a significant link between both data sets (p = 0.02012). The first plan of RLQ accounted for 96.74 % of the total spatial co-structure (69.07 % for axis 1 and 27.67 % for axis 2) (Fig. 2c). RLQ analysis characteristics are provided in Table 3. Covariance associated 1); a2: projection of inertia axes of the simple analysis onto co-inertia axes of RLQ analysis (inertia axes of PCoA of Harttiini); a3: coordinates of variables in the co-inertia plan of the RLQ analysis (principal coordinates of PCoA of Harttiini); b: analysis of Hypostomus (table Q); b1: projection of the normalized individuals' scores in the co-inertia plan (labeled as in Appendix S1); b2: projection of inertia axes of the simple analysis onto co-inertia axes of RLQ analysis (inertia axes of PCoA of Hypostomus); b3: coordinates of variables in the co-inertia plan of the RLQ analysis (principal coordinates of PCoA of Hypostomus); c: eigenvalues of RLQ analysis.

Spatial and temporal patterns of diversification.

The Relaxed molecular clock methods were accordingly applied. According to previous results, we used the calibration dates provided in Montoya-Burgos (2003) for the dispersal event illustrated in his clade D3 (Appendix S1). This node described the splitting event between

Amazonian lineages (Tocantins River) of Hypostomus on one hand and lineages from Upper

Paraná-São Francisco basins on the other hand. The estimated dates provided were -10.2 and -10.1 Ma for D-loop and ITS markers respectively. The cross validation procedure for the evaluation of the smoothing parameter required for the PL method, provided scores that reached a minimum for an estimate of 1x10 -1 and a second (higher) for 1x10 9 . The use of the smallest value of as smoothing parameter provided an estimation for the root of the Harttiini located around -20 Ma with estimated substitution rates (in expected number of substitution per site and per Ma) ranging between1x10 -8 and 6.20x10 -6 (mean: 9.01x10 -7 , SD: 1.20x10 -6 ).

The use of the higher value of estimated the root of Harttiini around -11.72 Ma. with rates varying between 6.39x10 -7 and 6.51x10 -7 (mean: 6.44x10 -7 , SD: 4.34x10 -9 ). The Bayesian calibration of the tree estimated the root of Harttiini around -11.99 Ma., and the LRMD calibration around -11.63 Ma. Since the results converged toward comparable solutions and that most of MPL estimations were included in between Bayesian and LRMD estimations, the MPL calibration was performed with the higher value of the smoothing parameter.

The Dispersal-vicariance analysis resulted in the exact solution of 2 equally optimal reconstructions, and required seven dispersal events to explain the current distribution of Harttiini. The spatio-temporal pattern of diversification of Harttiini at the continental scale is provided in Fig. Montoya-Burgos (2003). Numbers at nodes refer to age estimates. Letters refer to the biogeographic areas as provided in Fig. 6 for the species sharing a common distribution with Harttiini. Abbreviations used in the multivariate analyses are as followed: H. An exhaustive phylogeny is reconstructed (350 OTUs), the orthograms are generalized and the MSPA is evaluated on an extended data set mixing quantitative (discrete and continuous), qualitative (binary, multistate, and ordinal), intraphenotypic (morphology, ethology) or extraphenotypic (environmental parameters) to detect co-evolution among multiple traits along the phylogeny, and thus revealing variables involved in the main evolutionary innovations of the Loricariinae. In addition evolutionary patterns for these innovations are revealed and a dating for the appearance of these structures is proposed.

To be submited.

Abstract

The non independence of biological traits among species due to the effect of the phylogeny is nowadays a concept widely admitted in comparative biology. Several methods have been proposed to detect phylogenetic autocorrelation in biological data, but until present, each method relied on the statistical nature of the data under study. Here we proposed a unifying tool to detect phylogenetic dependence in both quantitative and qualitative data, as well as in a multivariate dataset. This method extends existing methods (orthogram and multi scale pattern analysis, MSPA) and allows to describe the evolutionary patterns of multiple biological traits along a phylogeny beforehand described by a set of orthogonal vectors. We used this analysis in deciphering the evolution of biological traits in a highly specialized group of Neotropical catfishes: the Loricariinae. Prior to the analyses, an exhaustive molecular phylogeny of this group based on mitochondrial and nuclear genes was inferred, and the systematics of the subfamily was revised. The multivariate orthogram computed on the dataset containing intraphenotypic (morphological and ethological) and extraphenotipic (ecological) information decribed by quantitative (continuous and discrete), and qualitative (binary, multimodal, and ordinal) variables, revealed that the data were strongly phylogenetically autocorrelated and implied the deepest nodes in the explanation of the observed patterns. Several univariate orthograms mostly related to mouth characteristics also displayed such a similar pattern of phylogenetic dependence. The MSPA perfectly confirmed these results and revealed strong associations among all traits related to the mouth characteristics and the deepest nodes of the phylogeny, confirming thus the co-evolution of all these characters due to similar selective pressure. Unexpectedly, the co-evolution in mouth characteristics was not related to ecological habits, but was shaped by reproductive necessities responsible for a third evolutionary adaptation in Loricariinae. All these innovations appeared during the tertiary, a period characterized by the orogenesis of the Andes and progressive establishment of the modern Amazon and Orinoco.

Keywords: Siluriformes, Loricariidae, molecular phylogeny, multivariate analyses, Multi-Scale Pattern Analysis, co-evolution, evolutionary constraints, molecular dating. literature (e.g. Evers and Seidel, 2005;Dotzer and Weidner, 2003). The taxonomical sampling of this data set was chosen in a way to include a maximum of representatives of the Loricariinae from which phylogenetic information was available, and from which we had no missing data. A total of 232 specimens representing 42 species belonging to 18 genera were measured and examined for ecomorphological and meristic data respectively. All measurements were taken with a digital caliper to the nearest 0.01 mm from specimens deposited in the ichthyological collection of MHNG. The mean value by species was then computed for each quantitative variable as mean specific estimator. (Watson and Balon, 1984); Relative Body Depth [RBD] (maximum body depth divided by standard length), a low value indicates a slender fish and is assumed to be inversely related to habitat water velocity [START_REF] Gatz | Ecological morphology of freshwater stream fishes[END_REF]; Relative Peduncle Length [RPL] (caudal peduncle length divided by standard length), longer caudal peduncle indicates fish with better swimming abilities (Watson and Balon, 1984); Caudal Peduncle Compression index [CPC] (caudal peduncle depth divided by caudal peduncle width at the same point), high value characterizes less active swimmers [START_REF] Gatz | Ecological morphology of freshwater stream fishes[END_REF]; Index of Ventral Flattening [IVF] (body depth below the midline divided by maximum body depth), a low index characterizes fishes inhabiting fast flowing waters [START_REF] Gatz | Ecological morphology of freshwater stream fishes[END_REF]; Relative Eye Diameter [RED] (eye diameter divided by standard length), is directly proportional to the development of visual capabilities [START_REF] Gatz | Ecological morphology of freshwater stream fishes[END_REF]; Relative Mouth Width [RMW] (mouth width divided by standard length), is expected to be related to feeding habits in Loricariinae (adapted from [START_REF] Gatz | Ecological morphology of freshwater stream fishes[END_REF]; Relative Mouth Height [RMH] (mouth height divided by standard length), is expected to be related to feeding habits in Loricariinae (adapted from [START_REF] Gatz | Ecological morphology of freshwater stream fishes[END_REF] The sister relationship between Dasyloricaria and Fonchiiloricaria was however not supported by bootstrap values. The sister group of these two genera split into two groups with on one side representatives of Rineloricaria and Ixinandria, and on the other side members of the Loricaria-Pseudohemiodon and Loricariichthys groups.

Loricariini, Loricariina, Rineloricaria

The genus Rineloricaria (including Fonchiiichthys, Hemiloricaria, and Leliella) formed the most species rich group of the subfamily and constituted a monophyletic assemblage (including Ixinandria steinbachi, type species of Ixinandria) with high statistical support (Fig. 5). The first diverging group of Rineloricaria comprised the trans-Andean R. altipinnis in a sister relationship to the cis-Andean R. stewarti, R. fallax, R. formosa, R. melini, R. teffeana, R. morrowi, and several undescribed species. The second diverging group comprised different populations of R. lanceolata and R. hoehnei. The latter species was nested within R. lanceolata and all internal relationships were fully resolved and highly supported. These two species formed the sister group of all remaining Rineloricaria representatives. Concerning the sister group of the R. lanceolata clade, the different reconstructions provided two alternative hypotheses. The Bayesian reconstruction recovered the monophyly of the South-eastern species of Rineloricaria plus Ixinandria steinbachi (nested within Rineloricaria as sister species of R. misionera) which formed the sister group of a second monophyletic group comprising the representatives of Rineloricaria from the Amazon, Orinoco, and trans-Andean region (except R. altipinnis), whereas the ML reconstruction recovered the species R. osvaldoi and relatives forming the sister group of all the remaining Rineloricaria plus Ixinandria. Then the species from the Amazon, Orinoco, and the trans-Andean region diverged and formed the sister group of Amazonian species including R. wolfei in a sister position to the South-eastern clade (including I. steinbachi, type species of Ixinandria). However, the Bayesian reconstruction leaded to a better resolution of the phylogeny with all posterior probabilities greater than 0.6, whereas bootstrap values only supported the monophyly of the South-eastern clade. In both reconstructions, the type species of Ixinandria was nested within South-eastern Rineloricaria. The species R. uracantha (type species of Fonchiiichthys), R. heteroptera (type species of Leliella), and R. eigenmanni and relatives from Orinoco basin (potentially close relatives of R. caracasensis, type species of Hemiloricaria) were all found nested within the clade Amazon, Orinoco, and trans-Andean region, in positions strongly supported by (Table 3; Cp(X X obs ) = 0.0022) implied that few vectors explained the major part of the trait variance (punctual effect). The variance was moreover skewed toward the root (Table 3, SkR2k: Cp(X X obs ) = 0.0007) meaning that this trait was shaped deep in the phylogeny. In summary, the Compression Index underwent a sudden modification between Farlowellina and Loricariina lineages, the latter being generally less deep and wider in body shape, followed by a second event between Rineloricaria and the remaining Loricariina, and finally between the Loricaria and Pseudohemiodon groups, the latter being extremely depressed and wide. [CPC] displayed variations for several vectors that appeared independent from the phylogeny (none of the tests were significant). The variations in body shape potentially related to swimming abilities as suggested by these three descriptors corresponded thus to rather random events in Loricariinae. The orthogram of the Index of Ventral Flattening [IVF] pointed out vectors 1, 2 and 20 as explaining the major part of the variance (Fig. 8-IVF). The cumulative orthogram confirmed the predominance of the three first vectors in the distribution of the trait variance (vertical arrow on vector 3). The maximum deviation from the expected value under absence of phylogenetic dependence was thus given for the sum of the three first vectors. A second peak was also observed for the twentieth vector. The significance of the four statistics, especially R2Max (Table 3; Cp(X X obs ) = 0.0068) and SkR2k (Table 3, Cp(X X obs ) = 0.0007) indicated rather punctual events shaped deep in the phylogeny to explain the variation in body shape. Two successive punctual events occurred between Harttiini and Loricariini lineages with an increase in body depth in Loricariini, and between 3), and these traits were shaped deep in the phylogeny (small SkR2k tests, Table 3). However, different vectors were responsible of the variance distribution. Orthogram of the Relative Eye Diameter (Fig. 8-RED) pointed out vectors 1, 2, 5, and 21 as explaining the major part of variance distribution, that is to say between Harttiini

Exploration of co-evolution among traits using the MSPA

Biological traits were mainly structured on the first two axes of MSPA (Fig. 9d) that accounted for 61.18% of the total variation (42.17% for axis 1 and 19.01% for axis 2). The principal axes were mainly represented by deepest nodes of the phylogeny (vectors 2 and in less proportion 1 for the first axis, and vectors 3 and in less proportion 4, 5, and 6 for the second axis). Axis 1 mainly described the splitting between Harttiini and Loricariini (V.1) and overall Farlowellina and Loricariina (V.2) lineages. Axis 2 mostly described the main splitting events between Loricariina lineages, especially the splitting between Rineloricaria and the remaining Loricariina (V.3), between the Loricariichthys group and Spatuloricaria plus the Loricaria-Pseudohemiodon groups (V.4), between Spatuloricaria and the Loricaria-Pseudohemiodon groups (V.5), and between the Loricaria and the Pseudohemiodon group (V.6) (Figs. 8, 9 a andb). The traits displaying the most important variations and close between them and to the vectors shared the same evolutionary history (i.e. they underwent evolutionary events for the same nodes of the phylogeny following the same evolutionary process as described by the orthograms). On the first axis these traits corresponded, in absolute decreasing scores, to: absence of postorbital notches, open water brooder reproductive strategy, pedunculated teeth, elliptical mouth shape, 13 to 14 caudal-fin rays, adaptation to organic substrate, the absence or presence of predorsal keels, and numerous (usually n > 20) premaxillary and dentary teeth (Fig. 9 a andc). For all these traits, the pattern of their respective orthogram was highly similar with vector 2 (and 1 for the premaxillary and dentary teeth) explaining major part of the variance. On the second axis the traits displaying the most important scores (in decreasing order) were: cavity brooder reproductive strategy, sexual dimorphism mainly expressed through hypertrophy of odontodes and through characteristics of the mouth, papillose lips, presence or absence of fringed barbels, abdominolip brooder reproductive strategy, filamentous lips, conspicuous or inconspicuous maxillary barbels, rather smooth lips, and adaptations to large rivers or forest creeks (Fig. 9 a andc). All those traits displayed similar patterns of their orthograms implying mainly vectors 3 and 4 in the explanation of the variance distribution.

(represented by Hisonotus sp.), Hypostominae (represented by Hypostomus garmani), and Loricariinae (represented by Harttia sp.) by the exploitation of micro-habitats in fast flowing waters, implying thus locomotion abilities. Harttia sp., contrary to other species, was indeed found able to exploit areas with stronger current because of its extremely depressed body and long caudal peduncle (IVF and RPL). [START_REF] Oliveira | Ecomorphological patterns of the fish assemblage in a tropical floodplain: effects of trophic, spatial and phylogenetic structures[END_REF] corroborate this result in other loricariids (Hypostomus spp., Loricariichthys platymetopon, Rhinelepis aspera, and Pterygoplichthys ambrosettii) by characterizing these benthic detritivores in having developed caudal peduncles and pectoral fins, and shallow bodies. These features are essential to these species for the stabilisation on the substrate and for short displacements in lotic environments.

In these turbulent areas, the body suffers the effect of different forces. To maintain their position on the substrate, loricariids possess a flat ventral surface, and an anteriorly elevated body. This shape makes the water flowing along the upper surface faster than the water flowing along the ventral surface, facilitating the adherence to the substrate by Bernoulli Effect. Additionally, loricariids posses a sucker mouth used for adherence to the substrate and displacement against the current. The sucker mouth of loricariids represents a key innovation of the family due to the decoupling of biomechanical constraints of muscles acting on jaws, allowing scrapping and adherence (Schaeffer and Lauder, 1986). This decoupling (biomechanical relaxed condition) rendering each half upper and lower jaws independently movable is hypothesised to be one of the innovations responsible for the great specific diversity of Loricariidae (Schaeffer and Lauder, 1996). The ecomorphological hypothesis stipulates that morphological attributes of each species should reflect its ecology, and can accordingly be used as indicators of its habits and adaptations to different habitats [START_REF] Gibran | Habitat partitioning, habits and convergence among coastal nektonic fish species from the São Sebastião Channel, southeastern Brazil[END_REF]. We thus hypothesised that, if the evolution of the mouth structures and the different ecological and ecomorphological variables followed a similar evolutionary pattern (i.e. they have similar orthograms), this implies that these intra and extra-phenotypic components are potentially linked, and thus evolution in one component induced evolutionary changes in the second (i.e. the ecology constrained the evolution of mouth characteristics). The multivariate orthogram suggested that most of the traits were shaped deep in the phylogeny with the eight first vectors explaining the variance distribution (Fig. 8-Global). The univariate orthograms confirmed this result, with most of the traits linked to the mouth that are effectively explained by the first vectors (number of premaxillary and dentary teeth, tooth and mouth shapes, lip surface, maxillary and fringed barbels) with the addition of the number of caudal-fin rays, and the presence or absence of predorsal keels and postorbital notches (Figs. 8-nbdtsup, 8-nbdtinf, 8-teeth, 8-mouth, 8-lips, 8-barb, 8-mlips, 8-caud, 8-cdor, and 8-encorb) 

Annex 2

The genera of the Neotropical armored catfish subfamily Loricariinae (Siluriformes:

Loricariidae): a practical key and synopsis.

RAPHAEL COVAIN 1, 2 & SONIA FISCH-MULLER 1 This is a preliminary study conducted on the Loricariinae. Morphological diagnostic characters were used for the construction of an identification key of all the genera of the subfamily. The HSA was used to unify quantitative and qualitative data in order to organize the information. ( [START_REF] Fisch-Muller S | Subfamily Ancistrinae (Armored catfishes). In: Check List of the Freshwater Fishes of South and Central America[END_REF]Ferraris, 2007) and in Pseudancistrus (Armbruster, 2004, Vari et al., 2009), a genus that is included in Armbruster's Ancistrus group. Eigenmann (1912) provided a complementary description of H. megacephalus from material collected in the Essequibo River basin. However, based on the examination of the holotype and one of the specimens identified by Eigenmann, H. megacephalus sensu Eigenmann may well prove to be distinct from the species. The assignation of species to genera such as Hemiancistrus and Peckoltia remains a problem. Both taxa are poorly defined despite a recent attempt to revise Peckoltia [START_REF] Armbruster | The genus Peckoltia with the description of two new species and a reanalysis of the phylogeny of the genera of the Hypostominae (Siluriformes: Loricariidae)[END_REF], and their taxonomic history has for long been intimately linked [START_REF] Ribeiro | Loricariidae, Callichthyidae, Doradidae e Trichomycteridae. In: Commissao de Linhas Telegraphicas Estrategicas de Matto-Grosso ao Amazonas, Annexo 5[END_REF]Isbrücker 1980;[START_REF] Cardoso | Three new species of Hemiancistrus (Teleostei: Siluriformes: Loricariidae) from the rio Tocantins basin with comments on the genus[END_REF][START_REF] Armbruster | Peckoltia sabaji, a new species from the Guyana Shield (Siluriformes: Loricariidae)[END_REF]Armbruster , 2004[START_REF] Armbruster | The genus Peckoltia with the description of two new species and a reanalysis of the phylogeny of the genera of the Hypostominae (Siluriformes: Loricariidae)[END_REF], species being regularly moved from one genus to the other. In this work, we followed the taxonomy provided by Ferraris (2007), except for H. macrops and H. megacephalus that still deserve further investigations.

Recent field work in the Guianas resulted in a representative sampling of the Panaque group for molecular analyses, including unidentified and tentatively identified forms. Based on a dual barcode evaluation to prevent species misassignment, the systematics of the Guianese representatives of the Panaque group are revised here, and the new taxa highlighted are described. The methods used in the present work are primarily addressed for discriminating and identifying species, and have only limited phylogenetic resolution [START_REF] Moritz | -DNA barcoding: promise and pitfalls[END_REF].

DNA barcodes

For an assessment of the diversity of the Guianese Ancistrini constituting the Panaque group, the standard COI barcode region was amplified. A total of 15 specimens (Table I) representing all available species and populations was submitted to molecular analyses.

Among the fifteen, nine represented strictly Guianese lineages and two were downloaded from GenBank to provide comparative material for a correct assignment of the taxa. In addition, because of the close resemblance of the Oyapock form of Peckoltia aff. braueri with the lower Amazonian Peckoltia oligospila (Günther 1864), three specimens representing two populations were added to the data set. Due to the confusing taxonomy of the group and the close relatedness of its representatives, a fragment of the Fish Reticulon-4 (F-RTN4) nuclear gene was also amplified to detect potential conflicting signals. Tissue samples were housed in MHNG and ANSP, and preserved in 80% ethanol and stored at -20°C. Total genomic DNA was extracted with the DNeasy Tissue Kit (Qiagen) following the instructions of the manufacturer. The PCR amplifications were carried out using the Taq PCR Core Kit (Qiagen), using the Fish-F1 and Fish-R1 primers [START_REF] Ward | Barcoding Australia's fish species[END_REF]. The amplifications and sequencing processes were performed as in Covain et al. (in press) for the COI gene, and as in Chiachio et al. (2008) for the F-RTN4 gene. Sequences were deposited in GenBank, and accession numbers provided in table I.

The DNA sequences were edited and assembled using BioEdit 7.0.1 (Hall, 1999). Prior to the alignment, all sequences were confronted to GenBank database using the blastn 2.2.24 algorithm [START_REF] Altschul | Gapped BLAST and PSI-BLAST: a new generation of protein database search programs[END_REF] to confirm the identity of the amplified genes. Additionally, F-RTN4 fragments were queried against the genome of Danio rerio in Ensembl database (http://www.ensembl.org/index.html) to identify the ordinal position and intervals of the amplified introns of the F-RTN4 gene. The sequences were secondarily manually aligned since the coding COI gene aligned unambiguously in a single block, and very few indels were present in the F-RTN4 introns. The GC content and base composition were computed using the seqinr 2.0-9 package (Charif and Lobry, 2007) in R 2.10.1 (R Development Core Team, 2009), and usual tests for homogeneity of nucleotide frequencies and substitution saturation (Xia et al., 2003) were performed using Dambe 4.5.56 (Xia and Xie, 2001).

To evaluate the ability of the intronic regions of F-RTN4 to discriminate and assign the different species to the correct taxa, and accordingly confirm or detect conflicting signals with COI barcodes, different types of analyses were performed. These analyses were also used to verify that the selected region fitted the timely-ordered model suggesting evolutionary constraints acting on this region. The length of each intron was measured in number of bases and submitted to the upper tail Wilcoxon signed-rank test to assess significant differences in length between introns according to their ordinal position. The alignments of introns were secondarily converted into distances matrices using the Kimura 2 Parameters (K2P) metrics (Kimura, 1980) as implemented in ape 2.5 (Paradis et al., 2004;Paradis 2006) in R, to evaluate sequence divergence, and submitted to the upper tail Wilcoxon signed-rank test to detect significant differences in variation between the different introns according to their ordinal position. The Spearman's rank correlation coefficient was also computed to assess the type of association recorded between GC contents and length of introns. Due to the low taxonomic level, too few or even no variation was observed in our data to compute this last statistic. To enlarge the range of variation of introns and allow the computation of the coefficient of correlation, all F-RTN4 sequences deposited in GenBank from previous studies were downloaded (Chiachio et al., 2008;Cardoso and Montoya-Burgos, 2009).

Subsequently, Shannon's information theoretic entropy [START_REF] Shannon | A mathematical theory of communication[END_REF] was computed for both markers, COI and selected intron of F-RTN4, to measure the diversity of bases and hence bases' conservation in the alignments using the bio3d 1.0-6 package [START_REF] Grant | Bio3D: An R package for the comparative analysis of protein structures[END_REF] in R. To detect potential conflicting phylogenetic signals, both alignments were submitted to the Incongruence Length Difference (ILD) test (Farris et al., 1994) as implemented in PAUP* 4.0b10 [START_REF] Swofford | PAUP*. Phylogenetic Analysis Using Parcimony (*and Other Methods)[END_REF], and after conversion of both alignments into distances matrices using the K2P metrics to the Mantel test (Mantel, 1967) using the ade4 1.4-14 package (Dray and Dufour, 2007) in R. The ILD test was conducted using a heuristic search with 100 replicates, TBR branch swapping, and random addition of taxa, and the Mantel test was performed using 9,999 random permutations of both matrices. The pattern of selection pressure acting on mt COI gene and the selected intron of F-RTN4 was assessed using a global estimation of = d N /d S for coding regions and for non coding regions to detect differences in the selective forces acting on silent versus replacement changes (Pybus and Shapiro, 2010). The parameter [START_REF] Wong | Detecting Selection in noncoding regions of Nucleotide Sequences[END_REF] assuming that neutral (i.e. synonymous) nucleotide substitution rate is constant in both the coding and non-coding regions of the same gene, represents the nucleotide substitution rate in the non-coding region, normalized by the synonymous nucleotide substitution rate in the coding region. Therefore, the interpretation of becomes identical to that of . The computation of was performed with HyPhy 2.0 (Kosakovsky [START_REF] Pond | HyPhy: hypothesis testing using phylogenies[END_REF] following the methodology proposed by Kosakovsky Pond et al. (2010). The parameter was estimated using a batch file developed

RESULTS

DNA barcodes analysis of Guianese Ancistrini, Panaque group.

The obtained sequences reached a total length of 652 bp for the COI gene and 1,797 to 1,813 bp for the F-RTN4. Comparisons made against the GenBank database using blastn 2.2.24 produced high similarity scores ranging between 1,169 and 767 for the 100 first Blast Hits indicating homology between our sequences and the COI sequences deposited in the database. The E-value was null for all comparisons which indicated that the obtained scores were not due to chance. For F-RTN4 sequences, similarity scores ranged between 2,892 and 255 with E-values ranging between 0 and 7x10 -64 . These results also indicated that the amplified segments were homologs of the F-RTN4 gene with high probability. Comparison made between our F-RTN4 fragments and the Danio rerio genome in Ensembl located the D.

rerio homolog gene rtn4rl2a-001 on chromosome 1, region 37,951,786-37,976,785. The implying that the data set is not at base-composition equilibrium. A slight tendency toward dentex displayed small divergence with its sister species with K2P distances ranging between 0.006 (Pc. aff. braueri) and 0.016 (Pc. sabaji). The sister group of Pn. cf. dentex was also poorly supported (56% bootstrap) and recovered Pc. cavatica in a sister position to Pc. aff.

braueri and Pc. sabaji, this last grouping being also weakly supported (60% bootstrap).

Peckoltia cavatica diverged from Pc. aff. braueri by a K2P distance of 0.014 and from Pc.

sabaji by a distance of 0.024. These latter diverged by K2P distances of 0.016.

Due to the lack of resolution and the poor generic assignment obtained within the Peckoltia-Panaqolus group using the COI K2P matrix (i. e. mixing of species belonging to different genera), a new NJ tree ordination was computed using the K2P matrix of the F-RTN4 gene intron 1 (Fig. 3b). The topological results were highly congruent with the previous analysis and the three highly supported main clusters (100% bootstrap) corresponding to P. leopardus, H. medians and Peckoltia-Panaqolus were recovered. Within the Peckoltia-Panaqolus group, deeper relationships were not supported (50% < bootstrap).

Peckoltia sabaji was the first diverging species and connected at base of the group. The second diverging group comprised Pn. changae and Pn. sp. L204. The sister relationship between these two species was moderately supported (71% bootstrap). The third diverging species was Pn. cf. dentex in a sister position to all remaining Peckoltia. The last group of Peckoltia was split into two groups, one strongly supported (100% bootstrap) comprising Pc.

aff. braueri Oyapock and Pc. sp. Approuague, and a second comprising the remaining species. Within this last group, the three specimens of Pc. oligospila were highly supported (92% bootstrap) and formed the sister group of Pc. aff. braueri Maroni and Pc. cavatica. The sister relationship between the two latter species was well supported (70% bootstrap).

Using these two species ordinations, both matrices were reordinated and levelplots reconstructed (Fig. 3a). Even though three levels of variation were present in the COI matrix corresponding to within species (between populations), between species, and between genera levels, the pairwise distances followed a bimodal distribution (Fig. 3c). The within-species level (light green) displayed indeed no variation (K2P = 0). Following the distribution of pairwise distances, the between species level (green to khaki) ranged from 0.006 to 0.051 (mean = 0.033±0.01), and the between genera level (red) from 0.094 to 0.146 (mean = 0.117±0.013). Assuming the current taxonomy, the between species range of variation became 0.014 to 0.04 (mean = 0.031±0.008), and the between genera 0.006 to 0.146 (mean = 0.083±0.043). The smallest between genera K2P distance was recorded between Pn. cf. to the levelplot representing the F-RTN4 intron 1 K2P matrix (Fig. 3b), revealed three levels of variation corresponding to within species, between species, and between genera levels. The global rate of variation of F-RTN4 intron 1 was half of that of COI. The within species level (pink) ranged from 0.0014 to 0.004 (mean = 0.0024±0.0011), the between species level (purple) from 0.0043 to 0.014 (mean = 0.014±0.0022), and the between genera level (green) from 0.0546 to 0.0851 (mean = 0.069±0.01). Two maxima were observed within the between genera level (Fig. 3d), one located at 0.062±0.003, and a second at 0.084±0.001. Using F-RTN4 intron 1, Pn. cf. dentex displayed variations to Peckoltia representatives (range between 0.0103 and 0.0132) comparable to that observed with the two other species of Panaqolus (d K2P = 0.0147) whereas within Peckoltia variations ranged between 0.003 and 0.0118.

Body and fins are covered by numerous large, dark brown, roundish spots. Spots are less numerous and comparatively larger in juveniles (Fig. 5A). They appear black on a yellowish background in living specimens (Fig. 6A). Ventrally, spots are generally missing behind the lip and in the area surrounding the pelvic-fin origin (incl. neotype), and often more broadly.

The ventral covering of the species is extremely variable. It may be densely and finely plated 

Description

Morphometric and meristic data given in Table II. Small-sized species (largest specimen observed 76.5 mm SL, holotype, breeding male). Body stout, deep and wide. Dorsal profile 

Diagnosis

Peckoltia capitulata is characterized by its specific barcode sequence (JF747000), distinguishing it from Guianese species, and by a spotted pattern of colouration of posterior part of body, distinguishing it from all congeners except Peckoltia oligospila, P. bachi, P.

sabaji, P. simulata, and P. otali. In contrast to these five species, no spot is present on the head of Peckoltia capitulata. It is additionally distinguished from the spotted species as well as from most other Peckoltia species by a shorter head (length 33.4-33.6 % SL versus more than 33.7).

Peckoltia capitulata is also easily separated from both P. bachi and P. otali by rounded spotting (versus mottling); from P. bachi by a much narrower interorbital (34.4-34.5 % HL, mean 34.5, versus 57.9-59.9, mean 58.8); from P. otali by several measurements including those listed in diagnosis of the latter; from P. sabaji by smaller spots on caudal peduncle and less slender body. It is further distinguished from P. oligospila by lower occipital depth mean 19.4,mean 21.9), smaller cleithral width (30.3-30.5% SL, mean 30.4, versus 30.9-32.8, mean 32.1) and shorter orbital diameter (6.5-7.0% SL, mean 6.8, versus 6.9-8.1, mean 7.4); from P. oligospila and P. simulata by a shorter dorsal-fin spine mean 27.8, versus more than 28.4) and higher caudal peduncle (11.3-11.7% SL, mean 11.5, versus less than 10.6); and from P. simulata by tooth shape and length of hypertrophied cheek odontodes (detailed in diagnosis of the latter species).

Description

Morphometric and meristic data given in Table II. Small to medium-sized species (largest specimen examined 75.9 mm SL, no breeding male). Body moderately stout. Dorsal profile gently convex from snout tip to supraoccipital process, then straight to dorsal-fin origin, sloped ventrally to procurrent caudal-fin rays, and rising straight to caudal fin. Ventral profile flat to caudal fin. 

Distribution and habitat

Peckoltia capitulata was collected with a cast net at a single place of the Approuague River in swift current of Saut Athanase (Fig. 7). Numerous specimens of Guyanancistrus brevispinis, Hypostomus gymnorhynchus, and the Loricariinae Harttia guianensis, Rineloricaria platyura, and Loricaria sp., were also found. Water at Saut Athanase is slightly acidic (pH 5-6.4), soft (20-22 s.cm -1 ), and relatively warm (27-30°C). At time of collection, the river was highly turbid as a result of illegal gold mining activities.

Etymology

The specific epithet capitulata is Latin and means having a small head. 

Peckoltia simulata

Diagnosis

Peckoltia simulata is characterized by its specific barcode sequences (JF747001-JF747002), distinguishing it from Guianese species, and by a spotted pattern of colouration of body including posterior part, distinguishing it from all congeners except Peckoltia oligospila, P. bachi, P. sabaji, P. otali and P. capitulata. It is distinguished from the latter by teeth shape, with both lobes similar, long (unless if worn), lateral lobe being only very slightly smaller than medial lobe (versus distinctly smaller). Longer hypertrophied cheek odontodes, longest one passing posterior end of cleithrum (versus not reaching) additionally separate P. simulata from spotted species. In addition to several measurements, it is further separated from P.

Distribution and habitat

Peckoltia simulata was collected in two small forest creek tributaries of the Oyapock River in the vicinity of Camopi (Fig. 7), with cast net and dip net on sandy and gravelled bottom with rocks, woods and leaves (Fig. 12). One specimen was hidden in a hollow piece of wood oriented against the current. The new species was collected with representatives of Ancistrus cf. leucostictus, A. aff. temminckii, Guyanancistrus longispinis, Farlowella reticulata, Rineloricaria stewarti, and Otocinclus mariae. Water parameters were: temperature 25.0-25.7°C, pH 6.1-6.2, and conductivity 13-14 μS.cm -1 .

Etymology

Named simulata, a Latin adjective meaning counterfeit, in reference to its similarity with Peckoltia oligospila. mean 30.3,versus 34.8) and a greater caudal peduncle depth mean 12.9,versus 10.8). The large eye distinguishes it easily from P. nocturnus (orbit length .

Panaqolus koko

Description

Morphometric and meristic data given in Table II Oral disk circular to diamond shape, lips covered with short and wide papillae. No buccal papilla. Maxillary barbel larger than one-half orbital diameter. Premaxillary and dentary teeth few (4)(5)(6), strong and thick, close to spoon-shape but bicuspid, major cusp large, moderately elongated, lateral cusp short, triangular to rounded (Fig. 14). Teeth slightly larger on dentary, those in middle of tooth row slightly larger than those on either end.

Head and body plated. Snout with a very small naked area near tip. Snout covered by numerous small platelets, with discreet naked interspaces. Posterodorsal margin of opercle covered by two or three plates. A single plate on midline between supraoccipital process and curved nuchal plate preceding dorsal fin. Two plates between ventral suppraoccipital and dorsal peterotic-supracleithrum margins. Five series of lateral plates extending to caudal fin.

Branchial and abdominal region generally naked, without plates except for area adjacent to branchial opening, rarely on larger area below pectoral girdle. Area dorsal to pelvic-fin base below ventral margin of lateral plates with 0-4 small plates (1 and 2 on each side in holotype), area otherwise naked. First anal-fin pterygiophore covered by skin, except for one specimen (73.5 mm SL) that exhibits small plate-like structure.

Head and body plates covered by odontodes of relatively uniform size and distribution.

Odontodes on lateral series of plates not arranged in distinct longitudinal rows and not forming keels on sides. Odontodes on plates of postero-dorsal part of body and on adipose fin slightly enlarged. Odontodes on posterior third of pectoral-fin spine generally enlarged, longest in males. Hypertrophied cheek odontodes straight with tips curved, the longest Ventral procurrent caudal rays: 3-5 (mean 4; holotype 5). applies to most of our results since interspecific variations were generally greater than 2.1%.

Nevertheless between species divergences of 1.4% and 1.6% were observed between Pc. otali and Pc. cavatica on one hand, and between Pc. otali and Pc. sabaji on the other hand.

Moreover, at the between genera level, Pk. koko displayed a divergence of 0.6% with Pc. otali (and accordingly divergences of 1.4% and 1.6% with Pc. cavatica and Pc. sabaji, respectively). Considering Ward's criterion, this very small divergence recorded between Pk.

koko and Pc. otali would lead to consider the former as a distinct population of the latter, whereas both belong to distinct genera. Thus, if one considers that a correct identification necessitates first differentiation and second, a correct assignment (e.g. to congenerics), then the COI marker was not sufficient in the present case to distinguish Panaqolus koko from Peckoltia otali. To circumvent this issue, we used a nuclear marker to detect potential conflicting signals.

The first step consisted thus in identifying, selecting and characterizing the first intron of the F-RTN4 gene to verify that it formed a candidate of choice for a correct assignment of the species. A preliminary assessment consisted thereby in evaluating that its pattern of evolution fitted the timely-ordered model proposed by [START_REF] Zhu | Patterns of exon-intron architecture variation of genes in eukaryotic genomes[END_REF]. Since this intron is larger, presumably because it is older, it accumulates more variations due to the more numerous indels and mutations, the quantity of information accumulated along the sequences is expected to be more important than in other regions of the gene. Our results corroborate in great part the pattern of intronic evolution observed by [START_REF] Zhu | Patterns of exon-intron architecture variation of genes in eukaryotic genomes[END_REF], and particularly the first point (ordinal reduction of length and divergence in both exon and intron). Comparisons made between introns 1 and 2 confirmed indeed that intron 1 is significantly longer (in mean 3.5 times longer) and more variable (about two times) than intron 2. Concerning the second point (co-variation of GC content and divergence between exons and flanking introns), a strong and significant correlation is also observed between divergence of intron 1 and its 3' flanking exon. However the co-variation in GC content between these two entities appeared independent and contrasts with [START_REF] Zhu | Patterns of exon-intron architecture variation of genes in eukaryotic genomes[END_REF] study. This absence of co-variation is very probably due to the lack of variation in GC content in both intron 1 and exon 2, and to the small size of our data set and close relatedness of the species that constitutes it. Larger sampling and higher taxonomic levels would probably correct for this potential artefact. A strong negative correlation between both introns of F-RTN4 and their respective GC content was also observed in our data and those obtained from GenBank. The pattern of co-variation between GC content and intron length appears complex, and if no universal pattern of covariation between intron length and GC content is observable across taxa, a significant correlation of both parameters seems always present. Significant negative correlation was indeed observed in primate genomes [START_REF] Gazave | Patterns and rates of intron divergence between humans and chimpanzees[END_REF] whereas a significant positive correlation was observed in fruit flies (Haddril et al., 2005). The third point was not estimated since it implies comparisons to multiple genes. The within gene characteristics of the selected intron meet generally the global pattern of evolution of intronic regions and can fit accordingly the timely-ordered model.

A second step consisted in evaluating the quality of the signal of the first intron of the F-RTN4 by making between-genes comparisons to the mt COI gene, since a good candidate for barcoding process is expected to contain a significant amount of variation for discrimination and identification purposes as well as a significant amount of phylogenetic signal for a correct assignment of the species (e.g. to the correct genus). The maximum parsimony and distances based tests of congruence of both molecular markers did not detect any conflicting phylogenetic signal between COI and the first intron of the F-RTN4 genes, revealing that a significant common signal was present in both data sets. This result is reinforced by the significance of the tests of substitution saturation that highlighted little saturation in both markers, making each of them good candidates for phylogenetic reconstructions.

Our F-RTN4 fragment was also expected to share the main qualities of the COI gene as characterized in [START_REF] Ward | An analysis of nucleotide and amino acid variability in the barcode region of cytochrome c oxidase I (cox1) in fishes[END_REF]. The Shannon's information theoretic entropy plots computed for both markers revealed that each of them was highly variable, especially the COI gene. The information was distributed all along sequences providing enough variation for identification and discrimination purposes. This pattern of variation is essentially due to the degenerate nature of the genetic code that allows numerous substitutions in positions 1 and above all 3 of codons for COI. In F-RTN4, the three maxima observed corresponded to the three insertion-deletions of the Pseudacanthicus leopardus sequence. Moreover, important variations were also regularly distributed along sequences. A close examination of the alignment reveals that the substitutions occurring in those positions were not obtained at random but display variations that were lineage dependent. The observed mutations are indeed preserved through lineages implying inheritance from common ancestors. The lack of variation of the first intronic region of F-RTN4 is intriguing compared to that of the COI gene. Non coding regions are indeed expected to be highly variable, or at least more variable than coding regions due to presumably less evolutionary constraints acting on them. Different studies demonstrated that the first intron of genes tends to be the most conserved of all introns (e.g. [START_REF] Keightley | Functional constraints and frequency of deleterious mutations in noncoding DNA of rodents[END_REF][START_REF] Chamary | Similar rates but different modes of sequence evolution in introns and at exonic silent sites in rodents: evidence for selectively driven codon usage[END_REF][START_REF] Gaffney | Genomic selective constraints in murid noncoding DNA[END_REF][START_REF] Vinogradov | Genome design' model and multicellular complexity: golden middle[END_REF], implying that they are more selectively constrained. [START_REF] Bradnam | Longer first introns are a general property of eukaryotic gene structure[END_REF] demonstrated that early introns (e.g. the first intron) were in average significantly longer than subsequent ones, and hypothesized that this increase in length was probably due to an increase in the presence of functional elements that may be involved in controlling gene expression. This hypothesis is not necessarily in contradiction with the timely-ordered model that stipulates that first introns had more time to be inserted. These inserted elements could effectively be new regulatory elements responsible for new gene functions (e.g. due to alternative splicing). The Wong and Nielsen test (2004) conducted on the first intron of F-RTN4 using its 3' flanking exon as neutral proxy confirmed that this intron was under strong positive selection. However, if the 3' flanking exon appears as the best choice as neutral proxy, assuming the observed co-variation in divergence between intron and flanking exons as stipulated by [START_REF] Zhu | Patterns of exon-intron architecture variation of genes in eukaryotic genomes[END_REF], its short length could have biased the test. Indeed, a second test using exon 3 of F-RTN4 as neutral proxy (length = 651 bp, = 0.034499) resulted in a neutral evolution of the first intronic sequences ( = 1; p-value = 0.9999).

Several attempts have been made to develop alternative nuclear markers, and the use of the variable regions of the nuclear ribosomal genes has been proposed [START_REF] Sonnenberg R | An evaluation of LSU rDNA D1-D2 sequences for their use in species identification[END_REF][START_REF] Raupach | Molecular species identification of Central European ground beetles (Coleoptera: Carabidae) using nuclear rDNA expansion segments and DNA barcodes[END_REF]. Nuclear ribosomal genes are usually considered highly conserved and are classically used to resolve deep phylogenetic relationships (e.g. [START_REF] Le | -A 28S rRNA-Based Phylogeny of the Gnathostomes: First Steps in the Analysis of Conflict and Congruence with Morphologically Based Cladograms[END_REF][START_REF] Zardoya | Evolutionary relationships of the coelacanth, lungfishes, and tetrapods based on the 28S ribosomal RNA gene[END_REF]. The nuclear ribosomal genes consist of a succession of conserved and variable regions. Among the latter, the D1-D2 LSU (28S) region was proposed by [START_REF] Sonnenberg R | An evaluation of LSU rDNA D1-D2 sequences for their use in species identification[END_REF], and the D3 (28S) and V4-V7 (18S) by [START_REF] Raupach | Molecular species identification of Central European ground beetles (Coleoptera: Carabidae) using nuclear rDNA expansion segments and DNA barcodes[END_REF] as supplement for barcoding purpose. However, these regions remain highly conserved (at least in vertebrates), and the observed mutations remain scarce. For example, using accession numbers provided by [START_REF] Sonnenberg R | An evaluation of LSU rDNA D1-D2 sequences for their use in species identification[END_REF] for four European cyprinids belonging to four distinct genera (EF417161: Alburnoides bipunctatus; EF417162: Alburnus alburnus;

EF417165: Leuciscus cephalus; EF417167: Rutilus rutilus), we obtained a mean K2P divergence of 0.003±0.001 between these four genera for an alignment of 1,052bp of the D1-D2 LSU. By comparison, using four closely related species of the same genus, Pc. oligospila, Pc. otali, Pc. simulata, and Pc. capitulata, we obtained a mean divergence of 0.009±0.003 for an alignment of 692 bp of the first intron of F-RTN4, i.e. three times more variable for a fragment one third shorter. These data are not directly comparable since they imply different taxa in the comparison of both makers. However, the fact of obtaining a between genera divergence three times smaller than a between species divergences sustains the hypothesis of the intronic regions to be more variable, and consequently reinforces the relevance of such markers in barcoding comparisons. The first intron of genes thus appears as good candidate for barcoding purposes. Despite complex evolutionary mechanisms (for a review see [START_REF] Roy | The evolution of spliceosomal introns: patterns, puzzles and progress[END_REF], it possesses sufficient variability for a correct identification and discrimination of the different species; it contains a significant amount of phylogenetic signal for a correct assignment of species to their respective taxa (genus, family, order…); it is functional and evolutionary constrained so that mutational pattern is not obtained at random, but rather preserved through lineages preserving thus the quality of the phylogenetic signal (e.g. limitation of multiple substitutions saturation). One of the main concern using intronic regions, especially early introns, relies however on the occurrence, origin and size of inserted elements responsible for size polymorphism. At higher taxonomic level (e.g. familial rank)

these multiple insertions can reach several hundred bases making detection of homology difficult, if not impossible when inserted elements are not homolog. A possible solution to overcome this problem may consist in the selection of coding regions. In this frame, Montoya-Burgos et al. (2010) developed recently the Inter-Specific Selective Hybridization (ISSH) method to enrich cDNA libraries in fast evolving genes in non model organisms. This method could therefore allow the detection of exonic regions with high mutational rates providing good nuclear markers for species identification.

The dual approach used in the present study was particularly useful in the resolution of species level taxonomy of genera such as Peckoltia. Peckoltia species were indeed said to show no morphometric or meristic differences and no obvious difference in morphology, the only difference between species being the colour pattern (Armbruster, 2008: 51). Adults of all three new Guianese species of Peckoltia show the presence of dark spots on posterior part of body instead of dark saddles that are present in most of congeneric species. Peckoltia otali is clearly distinguished from the five known dorsally dark-spotted species (Pc. oligospila, Pc. bachi, Pc. sabaji, Pc. simulata, and Pc. capitulata) by additional colouration characteristics, and by morphometry. On the contrary Pc. simulata and Pc. capitulata represent cryptic species, both being very similar in colour pattern and morphologically close to Pc. oligospila.

Nevertheless the divergence recorded between these two sister species (d K2P = 0.036) and between each of them and Pc. oligospila (d K2P = 0.048 for Pc. capitulata, and d K2P = 0.036 for Pc. simulata) coupled with the topological results that never connected them within or in sister position to Pc. oligospila clearly demonstrate that Pc. simulata and Pc. capitulata represent distinct taxa. At the generic level, the barcode approach also unambiguously shows that none of those Peckoltia species, like those previously included in Hemiancistrus and in Peckoltia (e. g. Pc. braueri, Pc. sabaji), can be assigned to Hemiancistrus due to the very high genetic divergence recorded between representatives of both genera.

Conversely, an unexpected result of the DNA barcode analysis was obtained considering Panaqolus koko. The COI sequence of this species was indeed highly similar to that of Pc.

otali whereas these two taxa represent undoubtedly distinct species, and even distinct genera.

Only five silent transitions where recorded between sequences (positions 372, 385, 396, 426, and 624) leading to a between genera K2P distance of 0.6%. Panaqolus koko also showed smaller divergence with representatives of Peckoltia based on the COI gene (K2P distance ranging between 0.6% and 3.3%) whereas to other Panaqolus it displayed variations ranging between 2.6% and 3.1%. These intriguing results coupled to the fact that Pn. koko and Pc.

otali are sympatric and endemic to the Maroni/Marowijne basin, and that both frequent the same biotopes, suggest that Pn. koko and Pc. otali may hybridise. Panaqolus koko shares indeed the mitochondrial signature of Pc. otali implying mitochondrial introgressive hybridization. This hypothesis was reinforced by the dual approach used herein. The F-RTN4

NJ tree placed indeed Pn. koko in a sister position to all Peckoltia representatives, except Pc.

sabaji, and Pc. otali in a sister position of Pc. cavatica. Panaqolus koko does not group with other Panaqolus species, even though this topological result is not supported by bootstrap value.

Panaqolus was described by Isbrücker and Schraml (in Isbrücker et al., 2001) based on a group of small species previously included in Panaque but defined as the Panaque dentex group by Schaefer and Stewart (1993). Panaque and Panaqolus are Ancistrini diagnosed by acutely angled rows of robust spoon-shaped teeth. Panaqolus is notably distinguished from

Panaque by the absence of a posterior orbital notch and of a ventrolateral keel on caudal peduncle (Schaefer and Stewart 1993). These characters are shared by the new species Pn.

koko, but the latter has morphological differences with congeneric species that have to be underlined. Teeth in Pn. koko approach spoon shape, but some may be more elongated, approaching the condition observed in Scobinancistrus. In addition they are always bicuspid, with a lateral cusp smaller but not absent or minute. Schaefer and Stewart (1993) highlighted a large polymorphism in shape and number of teeth for the Venezuelan Pn. maccus, and tentatively included in that species two specimens from the Guiana shield drainage having bicuspid teeth similar to those of the new species. In addition to dentition, head and body shape, Pn. koko appears quite different from other Panaqolus species. It is notably more elongated and narrower, with a smaller interorbital distance and a larger eye. However direct comparison of morphometric data with some previously described species is made difficult when not impossible because the data provided in recent literature (Schaefer and Stewart, 1993;[START_REF] Chockley | -Panaque changae, a new species of catfish (Siluriformes: Loricariidae) from eastern Peru[END_REF] do not correspond to standard measurements. Waiting for further evidence for its placement into a distinct genus if needed, we prefer to take a conservative position in placing the new species within Panaqolus. Covain et al., in press), additional comparisons to other groups have to be conducted to confirm this observation.