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Systematics and evolution of Demospongiae

Systematic and evolutionary studies of Demospongiae Sollas, 1885 are a very dynamic field of research. The scientific knowledge pertaining to Demospongiae systematics has been recently assembled in the collective book Systema Porifera. However, a general consensus among spongologists has not yet been achieved regarding this group and the phylogenetic relationships within Demospongiae and between Demospongiae and other clades of Porifera and metazoans are still unresolved. The two traditional subclasses Tetractinomorpha and Ceractinomorpha are polyphyletic and it is proposed that they be abandoned. Since the publication of Systema Porifera, several works have suggested the polyphyly of Halichondrida and the paraphyly of Haplosclerida, as well as the monophyly of Tetractinellida (Astrophorida + Spirophorida), Keratosa (Dictyoceratida + Dendroceratida), and Myxospongiae (Chondrosida + Verongida + Halisarcida). Within all the classical orders, whether they are monophyletic or not, families and even gen-era have also been found to be polyphyletic. For example, Ancorinidae, Geodiidae, and Axinellidae are clearly polyphyletic. No single data set is able to resolve all the problems; thus, it is absolutely necessary that the classifica-tion of Demospongiae be examined from all angles and with as many data sets as possible.

Résumé : Les études sur la systématique et l'évolution des Demospongiae Sollas, 1885 sont un champ de recherche très dynamique. La connaissance scientifique concernant la systématique des Demospongiae a été récemment ras-semblée dans un ouvrage collectif Systema Porifera. Cependant il faut souligner qu'un consensus général entre spécia-listes n'est toujours pas atteint sur ce groupe et que les relations phylogénétiques à l'intérieur de Demospongiae ou entre les Demospongiae et les autres clades d'éponges ou de métazoaires ne sont pas résolues. Les deux sous-classes traditionnelles Tetractinomorpha et Ceractinomorpha sont polyphylétiques et doivent être abandonnées. Depuis la publi-cation de Systema Porifera, plusieurs travaux ont suggéré la polyphylie des Halichondrida, la paraphylie des Haploscle-rida, la monophylie des Tetractinellida (Astrophorida + Spirophorida), Keratosa (Dictyoceratida + Dendroceratida) et Myxospongiae (Chondrosida + Verongida + Halisarcida). A l'intérieur des ordres classiques qu'ils soient monophyléti-ques ou polyphylétiques, des familles et même des genres se sont révélés être polyphylétiques (par exemple : les familles Ancorinidae, Geodiidae, Axinellidae). Aucun jeu de données seul ne permet de résoudre ces problèmes. Il est absolument nécessaire de réexaminer l'ensemble de la classification des Demospongiae sous toutes ses facettes, en uti-lisant le plus grand nombre possible de jeux de données.

Introduction

At dawn of the new millennium Systema Porifera was published [START_REF] Hooper | Systema Porifera. A guide to the classification of sponges[END_REF], which represents the scientific knowledge of the previous millennium on sponge systematics. The volume dedicated to Demospongiae Sollas, 1885 has 1149 pages. In it, 29 authors have contributed to the redescription of 500 genera. However, the book has not resolved all of the pending questions regarding systematics of Demospongiae, but rather helped to better focus the unresolved questions [START_REF] Hooper | Systema Porifera. A guide to the classification of sponges…the end of a beginning[END_REF]. [START_REF] Minchin | The Porifera and Coelenterata. Adam and Charles Black[END_REF] in the Fourth Congress of Zoology in London wrote "the subdivisions of the class Demospongiae is a matter of great difficulties and one upon which little agreement is to be found amongst authorities". [START_REF] Lévi | Ontogeny and systematics in sponges[END_REF] pointed out that the Demospongiae are one of the last groups where the classification at the levels of subclasses, orders, and families is still unresolved. And this remains true 50 years later.

WHY?

Is it because demosponges are particularly difficult organisms to study, or is it because taxonomists have not used the best approaches or chosen the best tools to study these fascinating organisms? I do not have the answers to these questions, but it is clear that we must not have any preconceived ideas when it comes to hypotheses regarding the phylogeny and evolution of demosponges. After dedicating 40 years to sponge biology, the only realistic rule that I know of is that "all is possible with sponges" -Porifera without pores or choanocytes, carnivorous sponges, demosponges with an hypercalcified skeleton in addition to their siliceous spicules, hexactinellids living in a shallow water Mediterranean cave, etc.

The sponge classification system is based essentially on the characteristic features of the skeleton, and the shape and size of its constitutive elements (i.e., the spicules and the spongin fibres). The diversity of the shape and size of the spicules is peerless. The observation of spicules does not require difficult techniques; consequently, the description of species is very often based only on the description of the spicules. The precise descriptions made by Sollas, Ridley, Dendy, and Topsent, who not only described the elements but also their place in the skeleton and the organization of the aquiferous system, were not always followed by more recent authors. Furthermore, the difficulty in formally establishing homologies within the skeletal elements and the skeletal organization hampered classical taxonomy, as well as cladistic analyses. The second half of the 20th century has seen the emergence of SCUBA diving, which allows for in situ observation, and of transmission and scanning electron microscopies, as well as chemical and molecular techniques. The search for other characters based on cytology, embryology, secondary metabolites, and recently, DNA sequences would aid future progress. However, we have to keep in mind that "no single data set, molecular or morphological, can reasonably be expected to be the Holy Grail of phylogenetics" [START_REF] Jenner | When molecules and morphology clash: reconciling conflicting phylogenies of the Metazoa by considering secondary character loss[END_REF], and this is especially true for Demospongiae. It is very important to reevaluate phylogeny in light of all the possible approaches. I review here only data concerning Recent demosponges. For the palaeontology of sponges see [START_REF] Pisera | Palaeontology of sponges[END_REF].

From Sollas 1885 to [START_REF] Lévi | Etude des Halisarca de Roscoff. Embryologie et systématique des démosponges[END_REF] The period stretching from the end of the 19th century to 1936 was a very fruitful era for sponge biology. The increase interest in sponges, as well as in other marine animals, during this period was linked to two events: (1) the organization of great expeditions like "the Challenger" and "the Expeditions of Prince Albert I de Monaco" and (2) the creation of marine biological stations along the European coasts, the first being the "Laboratoire maritime" of Concarneau (France, 1854) and the "Stazione Zoologica Anton Dohrn" of Napoli (Italy, 1872). The huge amount of collections coming from those expeditions favoured the emergence of spongologists like Dendy, Hentschel, Lendenfeld, Kirkpatrick, Lundbeck, Poléjaeff, Ridley, Schulze, Schmidt, Sollas, Thiele, Topsent, Vosmaer, etc… The diversity of species that they studied, coming from all the seas and at all depths, allowed them to better understand sponge taxonomy (and particularly, the Demospongiae).

After this period of ferment of ideas reflected in the numerous classifications proposed by different authors (for a review see [START_REF] Erpenbeck | On the phylogney of Halichondrid demosponges[END_REF] during the second half of the 20th century, the interest in sponge studies declined considerably. Biologists consider sponges to be well-known, pri-mitive, simple, difficult to study, not interesting from a developmental biology perspective, and "hardly metazoans".

Very early spongologists recognized among Porifera two taxa based on the characters of the skeleton: Calcispongia Johnston, 1842 and Silicea [START_REF] Gray | Notes on the arrangement of sponges, with the description of some new genera[END_REF]. These two taxa were called Megastictora and Micromastictora, respectively, by [START_REF] Sollas | Report on the Tetractinellida collected by H.M.S. Challenger during the years 1873-1876[END_REF] to emphasize the observation of the large-sized choanocytes in Calcispongia and the small-sized choanocytes in Silicea. These two names were never used by future authors. A taxon with triaxonic siliceous spicules, Hexactinellida, was also recognized early within the Silicea [START_REF] Laurent | Recherches sur l'hydre et l'éponge d'eau douce pour servir à l'histoire naturelle des polypiers et des spongiaires[END_REF]. It is for the species which are neither Calcispongia (see [START_REF] Manuel | Phylogeny and evolution of calcareous sponges[END_REF] nor Hexactinellida (see [START_REF] Reiswig | Classification and phylogeny of Hexactinellida (Porifera)[END_REF]) that Sollas proposed in 1885 the name Demospongiae. Etymologically, this word means "the common sponges". Sollas defined the Demospongiae as sponges with small choanocytes and which possess a skeleton either of siliceous spicules or spongin or of both combined, but the megascleres are never triaxons. He gave to Demospongiae the Linnaean rank of class. He excluded from this class a group of species characterized by the absence of skeleton and for which he used the name Myxospongiae Zittel, 1878. The contemporaries of Sollas did not immediately accept this concept, with the exception of Topsent. Topsent, particularly in his work of 1928, built a general classification for Demospongiae that included Myxospongiae.

Since the 19th century, Calcispongia and Hexactinellida have been clearly defined. Calcispongia share the presence of calcareous spicules, and Hexactinellida have siliceous spicules of triaxonic symmetry. These two clades have never been challenged. Demospongiae, defined by either a combination of non-unique characters or negative characters, had over the years a fluctuating content. In the 1970s with the advent of SCUBA diving, which allow for observations of animals in situ and exploration of new habitats like submarine caves, sponges with hypercalcified skeleton where simultaneously discovered in the Mediterranean Sea and the Indian Ocean by Jean Vacelet and in the Caribbean by Willard Hartman and Thomas Goreau. The two latter authors, fascinated by the hypercalcified skeleton, erected a new class Sclerospongiae Hartman and Goreau 1970 for species sharing this character. Immediately, all the treatises in Zoology adopted this new class even though Hartman and Goreau (1970, p. 271) had expressed some doubts: "skeletal mass of aragonite has arisen independently within several lines of the Demospongiae". On his side, [START_REF] Vacelet | Etude monographique de l'éponge calcaire pharétronide de Méditerranée, Petrobiona massiliana Vacelet et Lévi. Les pharétronides actuelles et fossiles[END_REF][START_REF] Vacelet | Description et affinités d'une éponge Sphinctozoaire actuelle[END_REF][START_REF] Vacelet | Eponges hypercalcifiées (« Pharétronides », « Sclérosponges ») des cavités des récifs coralliens de Nouvelle-Calédonie[END_REF][START_REF] Vacelet | Les éponges calcifiées et les récifs anciens[END_REF][START_REF] Vacelet | Coralline sponges and the evolution of the Porifera[END_REF] has always contended that the species with hypercalcified skeleton shared at the same time characters with different subclasses of Calcispongia and different orders of Demospongiae. He demonstrated that morphological, anatomical, cytological, and embryological characters did not support the class "Sclerospongiae". He was followed after 1985 by authors like [START_REF] Engeser | Acanthochaetetidae (Hadromerida, Demospongiae) from the Coniacian of Vera de Bidasoa (Basque Pyrénées, Northern Spain)[END_REF], [START_REF] Wood | Systematics and phylogenetic implications of the haplosclerid stromatoporoid Newellia mira nov[END_REF], and [START_REF] Wood | Reef-building sponges[END_REF]. [START_REF] Chombard | Polyphyly of "sclerosponges" (Porifera, Demospongiae) supported by 28S ribosomal sequences[END_REF] have confirmed that molecular data did not support the hypothesis of a monophyletic group for Sclerospongiae. In spite of this, and while Hartman himself agrees now that the hypercalcified skeleton is an homoplastic character [START_REF] Willenz | Storage cells and spermatic cysts in the Caribbean coralline sponge Goreauiella auriculata (Astroscleridae, Agelasida, Demospongiae): a relationship? Boll[END_REF], it was only quite recently that textbooks [START_REF] Brusca | Invertebrates[END_REF], GenBank, etc., be-gan to consider that species with an hypercalcified skeleton as belonging to different families of Demospongiae or subclasses of Calcispongia.

For the internal classification of Demospongiae, we can consider two main schools. The first one, following Sollas, Lendenfeld, Vosmaer, and Topsent, gave priority to the megascleres (for definitions of terms see Boury-Esnault and Rützler 1997; for spicule names see also [START_REF] Uriz | Mineral skeletogenesis in sponges[END_REF], which are fundamental elements of the skeletal architecture, to aid in our understanding of the relationships between families and orders. This has led to the recognition of two main lineages, which following the terminology of Sollas have been named Tetraxonida (Demospongiae with tetraxons or monaxons as megascleres and asters as microscleres) and Monaxonida (Demospongiae with monaxons as megascleres, spongin, and microscleres never being asters). The second school, after [START_REF] Dendy | The tetraxonid sponge-spicule: a study in evolution[END_REF], gave priority to microsclere morphology to elaborate on the classification of Demospongiae. All demosponges with asters were assigned to Astrotetraxonida, while those with sigmas were placed in the Sigmatotetraxonida. As underlined by [START_REF] Lévi | Etude des Halisarca de Roscoff. Embryologie et systématique des démosponges[END_REF], this has led Dendy to put species that share tetractins as megascleres in two different lineages.

Still nowadays, these two concepts have an impact on the assignment of some families within orders. In Systema Porifera, both concepts are present. The order Chondrosida is assigned to Tetractinomorpha because one genus Chondrilla Schmidt, 1862 has a skeleton made of asterose microscleres, although it could have been assigned to Ceractinomorpha because another genus Thymosia Topsent, 1895 belonging to the same order has a skeleton made of spongin fibres. The families Hemiasterellidae and Trachycladidae have been assigned to Hadromerida only based on the possession of asters. If the character "aster" is mapped on a phylogenetic tree obtained from molecular data, the primary homology of asters is not recovered [START_REF] Chombard | Reassesment of homology of morphological characters in tetractinellid sponges based on molecular data[END_REF]Borchiellini et al. 2004b;[START_REF] Nichols | An evaluation of support for order-level monophyly and interrelationships within the class Demospongiae using partial data from the large subunit rDNA and cytochrome oxidase subunit I[END_REF]) and this character is homoplastic.

In a pioneering work, de [START_REF] Laubenfels | A discussion of the sponge fauna of the Dry Tortugas in particular and the West Indies in general, with material for a revision of the families and orders of the Porifera[END_REF] published a major taxonomic revision that had the objective of defining and classifying all genera of the class Demospongiae. It was the first time that a real synthesis of the demosponge classification was presented. In its introduction, de Laubenfels wrote that the classification he would follow aims at simplifying the arrangement of the phylum with little heed to phylogenetic relationships. Unfortunately, this work has always been difficult to use.

The era of cytology and embryology (transmission and scanning electron microscopies) from the First Symposium on Sponge Biology in London, 1968 [START_REF] Fry | Biology of the Porifera[END_REF], to the last one in Rapallo, 2002 [START_REF] Pansini | Sponge science in the new millennium. Officine Grafiche Canessa[END_REF]) [START_REF] Lévi | Etude des Halisarca de Roscoff. Embryologie et systématique des démosponges[END_REF] was the first to try to use embryological characters in poriferan systematics (for embryology see [START_REF] Leys | Embryogenesis and larval differentiation in sponges[END_REF]. In the introduction of his work, he underlined that zoologists, who studied sponges, had been inter-ested in single aspects of their biology or morphology. "Taxonomists have ignored embryology and cytology, and embryologists and cytologists have completely neglected taxonomy." Most species had been described from dry specimens. He proposed what we call nowadays a multidisciplinary approach. Working at the "Station biologique de Roscoff", Lévi had direct contact with living sponges. He studied in detail the embryology of Halisarca dujardini Johnston, 1842 andHalisarca metschnikovi Lévi, 1953, demosponges without skeletons, and observed the reproduction of about 35 others species belonging to 7 orders of Demospongiae [START_REF] Lévi | Etude des Halisarca de Roscoff. Embryologie et systématique des démosponges[END_REF]. He emphasized also the necessity of giving precisely all the ecological characteristics of the localities where the sponge was collected.

The phylogenetic hypothesis proposed by [START_REF] Lévi | Etude des Halisarca de Roscoff. Embryologie et systématique des démosponges[END_REF] was based, for the first time, on morphological characters and on the mode of reproduction (oviparity vs. viviparity). This resulted in the recognition of two main lineages within Demospongiae: the Tetractinomorpha (oviparous) and the Ceractinomorpha (viviparous), which corresponded to some extent to the Tetraxonida and Monaxonida of earlier authors. Following Gray (1867), Lévi inferred from his phylogenetic hypothesis that spongin fibres and spicules of the oxea type would be ancestral characters of Demospongiae.

With the development of the transmission electron microscope in the 1960s and, later, of the scanning electron microscope, the cytological studies of demosponges increased. The golden era was the years [1975][1976][1977][1978][1979][1980][1981][1982][1983][1984][1985][1986][1987][1988][1989][1990] (see the 24 and 25 papers dedicated to cytology from the proceedings of the symposium in Paris in 1978 [START_REF] Lévi | Etude au microscope électronique de l'éponge Oscarella lobularis Schmidt et de sa larve amphiblastula[END_REF] and in Woods Hole in 1985 [START_REF] Rützler | New perspectives in sponge biology[END_REF]), respectively). Besides the cells constituting the epithelial layers (choanocyte and pinacocyte), Demospongiae harbour in the mesohyl a rather complex set of cells. More than 12 different cell types have been described (for a review see [START_REF] Simpson | The cell biology of sponges[END_REF]. De [START_REF] De Vos | Low levels of genetic variation in mtDNA sequences over the western Mediterranean and Atlantic range of the sponge Crambe crambe (Poecilosclerida)[END_REF] in an Atlas of Sponge Morphology have illustrated mostly in scanning electron micrographs (SEM) the organization of the aquiferous system and the different cell types present in the mesohyl.

The first comparative cytological study between six species of Chalinidae and Callyspongiidae (Haplosclerida) was made by [START_REF] Pomponi | A cytological study of the Haliclonidae and the Callyspongiidae (Porifera, Demospongiae, Haplosclerida)[END_REF] for taxonomical purposes. [START_REF] Pomponi | A cytological study of the Haliclonidae and the Callyspongiidae (Porifera, Demospongiae, Haplosclerida)[END_REF] showed that cells with inclusions could be useful characters to discriminate between these two families. In this order, where the spicule skeleton is poorly diversified (usually one type of diactin more or less embedded in spongin and occasionally with microscleres of sigma, toxe, or raphide types) and where the molecular phylogeny has so far given weak hypotheses (McCormack et al. 2002;Erpenbeck et al. 2004a), a precise study of cytology of several species would be particularly useful in the understanding of the phylogeny of this difficult group.

The aquiferous system of Demospongiae is generally leuconoid with the exception perhaps of the family Halisarcidae, where the choanocyte chambers could be defined as syconoid (for definitions see [START_REF] Manuel | Phylogeny and evolution of calcareous sponges[END_REF]). The choanocytes are described as cells with a characteristic collar of microvilli surrounding an apical flagellum [START_REF] Rasmont | Structure submicroscopique de la collerette des choanocytes d'éponges[END_REF]. The choanocyte has been considered a relatively homogenous cell type, although [START_REF] Dendy | The classification and phylogeny of the Calcareous sponges, with a reference list of all the described species, systematically arranged[END_REF] hy-pothesized that several types of choanocytes exist in the non-calcareous sponges. If the position of the nucleus is one of the characters used to define the two subclasses of Calcispongia, few works have attempted to compare precisely the ultrastructure of choanocytes and choanocyte chambers among the Demospongiae.

The use of cytological features of the aquiferous system at a taxonomical level was proposed by several authors [START_REF] Vacelet | Comparative study of the choanosome of Porifera. II. The Keratose sponges[END_REF][START_REF] De Vos | The apopylar cell of sponges[END_REF]Boury-Esnault et al. 1990), focussing on the different aspects of choanocyte chambers, choanocytes, and apopylar cells in the different orders of Demospongiae ( mediterranea Griessinger, 1971[START_REF] De Vos | Low levels of genetic variation in mtDNA sequences over the western Mediterranean and Atlantic range of the sponge Crambe crambe (Poecilosclerida)[END_REF]; Chalinula saudiensis [START_REF] Vacelet | A new haplosclerid sponge species from the Red Sea[END_REF]. This type of choanocyte chambers is absent in Spongillidae (Haplosclerida). The use of the anatomy of the choanosome in taxonomy for Haplosclerida has been already suggested by [START_REF] Langenbruch | Structure of choanocyte chambers in Haplosclerid sponges[END_REF].

Several general criteria such as the volume of the choanocyte chambers (Figs. 3456), which varies between 350 and 480 000 µm 3 , the number of choanocytes per chamber, the shape of choanocyte cell bodies (Figs. 7-10), the number of microvilli per collar, the presence of a periflagellar sleeve around the flagellum (Figs. 10-11), the presence of a spe-cialized apopylar cell at the apopyle (Figs. 89), and the presence of a flagellum on the pinacocytes (Figs. 6,(13)(14) are characters that could be used in phylogeny (Table 1; [START_REF] Boury-Esnault | Ultrastructure of choanosome and sponge classification[END_REF]). Periflagellar sleeves (Fig. 11) described by [START_REF] Connes | Choanocytes et cellule centrale chez la Démosponge marine Suberites massa Nardo[END_REF] in Suberites massa Nardo, 1847 around the flagellum of choanocytes have never been found in species other than in Hadromerida.

Apopylar cells (Fig. 12) have been described in Oscarella lobularis (Schmidt, 1862) and Corticium candelabrum Schmidt, 1862 [START_REF] Boury-Esnault | Comparative study of the choanosome of Porifera. I. The Homoscleromorpha[END_REF] and are present in all species of Homoscleromorpha described so far. This cell type is present also in species of Dictyoceratida, Dendro- ceratida, and Chondrosida, as well as in Halisarcida studied [START_REF] Boury-Esnault | Ultrastructure of choanosome and sponge classification[END_REF]) and in species of Haplosclerida [START_REF] Weissenfels | Bau und Funktion des Süßwasserschwamms Ephydatia fluviatilis L. (Porifera). VII. Die Porocyten[END_REF][START_REF] Weissenfels | Bau und Funktion des Süβwasserschwamms Ephydatia fluviatilis L. (Porifera). VIII. Die Entstehung und Entwicklung der Kragengeißelkammern und ihre Verbindung mit dem ausführenden Kanalsystem[END_REF][START_REF] Weissenfels | Bau und Funktion des Süßwasserschwamms Ephydatia fluviatilis L. (Porifera). IX. Rasterelektronenmikroskopische Histologie und Cytologie[END_REF][START_REF] Langenbruch | Structure of choanocyte chambers in Haplosclerid sponges[END_REF]. Apopylar cells are absent in Hadromerida, Tetractinellida, Poecilosclerida, Halichondrida, and Verongida. Apopylar cells occur at the apopyle of choanocyte chambers, where they form the boundary between apopinacocytes and choanocytes. They possess a central flagellum and are triangu-lar in cross section (Fig. 15). Their free edges face inwards towards the choanocyte chambers and taper into cytoplasmic extensions. The morphology of these extensions varies from an unfolded collar of microvilli (O. lobularis,C .candelabrum) to a thin velum (Ephydatia fluviatilis (Linnaeus, 1758), H. dujardini, Halisarca caerulea [START_REF] Vacelet | A new species of Halisarca (Porifera, Demospongiae) from the Caribbean, with remarks on the cytology and affinities of the genus[END_REF]. In most of the Hadromerida species, the apopyle is plugged by a special cell called "the central cell" (Figs. 10-16; [START_REF] Connes | Choanocytes et cellule centrale chez la Démosponge marine Suberites massa Nardo[END_REF]. The flagella of the choanocytes are all directed towards the central cell and enclosed in its cytoplasmic folds.

The external surface is covered by a cellular layer of exopinacocytes (Fig. 17). These cells are flattened in species of Homoscleromorpha (Lévi and Porte 1962) and Spongillina and are T-shaped (Fig. 18) in all other Demospongiae species (Boury-Esnault 1973). During morphogenesis, the exopinacocytes are initially flat and become T-shaped in the adult structure [START_REF] Lévi | Etude des Halisarca de Roscoff. Embryologie et systématique des démosponges[END_REF][START_REF] Bagby | The fine structure of pinacocytes in the marine sponge Microciona prolifera (Ellis and Solander)[END_REF][START_REF] Boury-Esnault | Morphogénèse expérimentale des papilles inhalantes de l'éponge Polymastia mamillaris (Müller)[END_REF]. In Homoscleromorpha, exo-and endo-pinacosytes are flagellated . In Dictyoceratida and Dendroceratida, only endopinacocytes are flagellated (Fig. 6). Flagella are absent on pinacocytes in all other species studied so far with the exception of flagellated endopinacocytes observed in Spirastrella cunctatrix Schmidt, 1868 [START_REF] Boury-Esnault | Ultrastructure of choanosome and sponge classification[END_REF]).

The region of the sponge located between the choanoderm and the pinacoderm is called the mesohyl. Mostly made up of collagen fibrils, it contains the elements of the skeleton and the different types of mesohylar cells. Its density varies greatly from one species to another. For example, the density is very reduced in marine Haplosclerida species, quite dense in Dictyoceratida (Fig. 6) or Tetractinellida (Fig. 19), and has an average density in Halichondrida species (Fig. 4). A high density is most often linked to the presence of a large amount of symbiotic bacteria (Figs. 6,(19)(20) in addition to the sponge's own elements.

Among the different categories of cells present in the mesohyl [START_REF] Simpson | The cell biology of sponges[END_REF], some are present in all species and, as far as I know, do not support information for phylogeny -collencytes and lophocytes are involved in the collagen secretion, sclerocytes (see [START_REF] Uriz | Mineral skeletogenesis in sponges[END_REF] and spongocytes are involved in the secretion of spicules and spongin, respectively. Archeocytes are totipotent cells capable of giving rise to any other cell types. They maintain the balance between different cell populations and function as macrophages (Fig. 20). They are dispersed throughout the mesohyl but are more abundant in regions of growth, healing, or regeneration together with glycocytes (Fig. 21), which are cells that are involved in the storage of glycogen (Boury-Esnault 1977; Boury-Esnault and Doumenc 1979). Sphincter of contractile cells are often present around the oscules, canals, or pore sieves (Fig. 22; [START_REF] Boury-Esnault | Une structure inhalante remarquable des spongiaires : le crible. Etude morphologique et cytologique[END_REF].

Other cells such as the spherulous cells have been used at the taxonomic level. They contain large spherical or ovoid inclusions that occupy the main part of the cytoplasmic volume. They are involved in the elimination of metabolic wastes [START_REF] Vacelet | Les cellules à inclusions de l'éponge cornée Verongia cavernicola Vacelet[END_REF]) and in the storage of bioactive molecules [START_REF] Thompson | Localization of two brominated metabolites, aerothionin and homoaerothionin, in spherulous cells of the marine sponge Aplysina fistularis (= Verongia thiona)[END_REF]. Depending on the sponge species, the spherules either are homogeneous and dense to electrons or are heterogeneous, often microgranular in size. The spherulous cells are quite variable from one species to another . This character was used to discriminate between cryptic aspiculate species of the genus Oscarella Vosmaer, 1884 (Figs. 27-30) (Boury-Esnault et al. 1992[START_REF] Boury-Esnault | Sponges without skeleton: a new Mediterranean genus of Homoscleromorpha (Porifera, Demospongiae)[END_REF][START_REF] Muricy | Cytological evidence for cryptic speciation in Mediterranean Oscarella species (Porifera, Homoscleromorpha)[END_REF], and also to spiculate species of Plakina Schulze, 1880 [START_REF] Muricy | Anatomy, cytology and symbiotic bacteria of four Mediterranean species of Plakina (Demospongiae: Homosclerophorida)[END_REF]) (Homoscleromorpha), Polymastia [START_REF] Bowerbank | A monograph of the British Spongiadae[END_REF][START_REF] Boury-Esnault | The value of cytological criteria in distinguishing sponges at the species level: the example of the genus Polymastia[END_REF]), and Spirastrella Schmidt, 1868[START_REF] Boury-Esnault | Comparative study of putative conspecific sponge populations from both sides of the Isthmus of Panama[END_REF], and to describe several demosponge species without skeletons [START_REF] Vacelet | A new species of Halisarca (Porifera, Demospongiae) from the Caribbean, with remarks on the cytology and affinities of the genus[END_REF][START_REF] Vacelet | Two new genera and species of sponges (Porifera, Demospongiae) without skeleton from a Mediterranean cave[END_REF][START_REF] Vacelet | Morphological, chemical, and biochemical characterization of a new species of sponges without skeleton (Porifera, Demospongiae) from the Mediterranean Sea[END_REF]. Verongida species have a very characteristic spherulous cell. This type of cell has been found also in the aspiculate genus Hexadella Topsent, 1905, which led Bergquist and[START_REF] Bergquist | Systema Porifera: a guide to the classification of sponges[END_REF] to reassign Hexadella species to the family Ianthellidae (Verongida). [START_REF] Boury-Esnault | The value of cytological criteria in distinguishing sponges at the species level: the example of the genus Polymastia[END_REF] proposed to include the description of the aquiferous system and the mesohylar cells in all species descriptions. Although the usefulness of these criteria have been often underlined in the literature, from [START_REF] Dendy | The classification and phylogeny of the Calcareous sponges, with a reference list of all the described species, systematically arranged[END_REF] to [START_REF] Lévi | Remarques sur la taxonomie des Demospongea[END_REF] and [START_REF] Bergquist | Systema Porifera: a guide to the classification of sponges[END_REF], they have never been introduced systematically in the description because the cytological techniques are considered difficult to apply in routine analyses and because the histological slides and the electron micrographs could be difficult to interpret [START_REF] Erpenbeck | On the phylogney of Halichondrid demosponges[END_REF]). In my expe- rience, there are no "ideal" data sets. For the use of skeleton characters, cytology, or gene sequences to be effective requires experience; however, they do have their own set of problems (Table 2).

Muricy (1999) used morphological, anatomical, skeletal, and cytological data sets in a cladistic analysis of 10 species of Homoscleromorpha and he showed that the topology of the tree obtained from the combined data sets has a good resolution.

Cytological studies have been particularly developed for taxonomy of species without skeletons, and the usefulness of these data has been clearly demonstrated. It seems evident that the cytological data set could be of great interest to demosponge taxonomy, particularly in orders or families for which we are faced with severe taxonomic problems.

Introduction of the Hennigian philosophy in the sponge world and the new conceptual frame offered by this new approach van Soest (1984avan Soest ( , 1984b[START_REF] Soest | Taxonomy of Porifera from the N.E. Atlantic and Mediterranean Sea[END_REF][START_REF] Soest | Toward a phylogenetic classification of sponges[END_REF] was the first to introduce the cladistic method to try to resolve the phylogen- etic relationships between demosponge species. If cladistic is nowadays accepted and applied in most of the recent works, spongologists are faced with a huge problem, i.e., the absence of knowledge about the homology of characters and the ancestral state of a character [START_REF] Bergquist | The marine fauna of New Zealand: Porifera, Demospongiae. Part 4. Poecilosclerida[END_REF][START_REF] Fromont | Structural characters and their use in sponge taxonomy; when is a sigma not a sigma? In New perspectives in sponge biology[END_REF]. Consequently, hypotheses regarding primary homology are established on exceedingly weak grounds. In spicule nomenclature, one name corresponds to a general form and is only descriptive without being indicative of homology [START_REF] Fromont | Structural characters and their use in sponge taxonomy; when is a sigma not a sigma? In New perspectives in sponge biology[END_REF]. There are no arguments to be sure that the oxea present in Tetractinellida are homologous to those in Haplosclerida or Halichondrida, and the asters found in Tethya Lamarck, 1814 are homologous to those found in Hemiasterella Carter, 1879 or Ancorina Schmidt, 1862. The paleontological information is too scarce to help answer the question: which is ancestral, the tetraxon spicule or the monaxon spicule? The most accepted hypothesis is that the tetraxon is the ancestral state (Schulze 1880; Dendy 1921), although [START_REF] Reid | Tetraxons and demosponge phylogeny[END_REF] suggested that it could be the monaxon.

Another problem that is rarely taken into account is the secondary character loss [START_REF] Jenner | When molecules and morphology clash: reconciling conflicting phylogenies of the Metazoa by considering secondary character loss[END_REF]). To illustrate this problem, we can consider the conflict between molecular and morphological phylogenies of three tetractinellid genera [START_REF] Chombard | Reassesment of homology of morphological characters in tetractinellid sponges based on molecular data[END_REF]. The genus Penares Gray, 1867 is considered an Ancorinidae because the microscleres are of two types: euaster and microrhabd. Erylus Gray, 1867 and Pachymatisma Bowerbank, 1864 are considered to belong to Geodiidae because the microscleres are two types of euasters (oxyaster and sterraster) and microrhabd. A phylogenetic analysis based on sequences of the 28SrRNA show that these three genera are closely related and that Penares is not included in a clade with the other members of Ancorinidae (Fig. 31; [START_REF] Chombard | Reassesment of homology of morphological characters in tetractinellid sponges based on molecular data[END_REF]. The microrhabds in the three cases are located in the outer layer of the ectosome, and the oxyasters are located in the choanosome. The sterrasters in the genera Erylus and Pachymatisma are located in the inner part of the cortex. The organization of the skeleton of the three genera differs only by the absence of the inner layer of the cortex in the genus Penares. The most parsimonious hypothesis to consider is that the absence of sterrasters in the genus Penares is a secondary character loss (Fig. 31).

From the babbling of molecular phylogeny [START_REF] Kelly-Borges | Phylogenetic relationships within the order Hadromerida (Porifera, Demospongiae, Tetractinomorpha) as indicated by ribosomal RNA sequence comparisons[END_REF][START_REF] Lafay | An analysis of partial 28S ribosomal RNA sequences suggests early radiations of sponges[END_REF] to the burst of the last 2 years Since the beginning, molecular phylogenies were used in Demospongiae either to try to understand better the relationships for the external nodes of the tree [START_REF] Kelly-Borges | Phylogenetic relationships within the order Hadromerida (Porifera, Demospongiae, Tetractinomorpha) as indicated by ribosomal RNA sequence comparisons[END_REF] or to try to make hypotheses regarding the deep nodes [START_REF] Lafay | An analysis of partial 28S ribosomal RNA sequences suggests early radiations of sponges[END_REF]. The first molecular phylogenetic work wanted to resolve the relationship between five hadromerid genera and used partial sequences of 18SrRNA [START_REF] Kelly-Borges | Phylogenetic relationships within the order Hadromerida (Porifera, Demospongiae, Tetractinomorpha) as indicated by ribosomal RNA sequence comparisons[END_REF]. In light of the combination of chemical structure and molecular data, it was suggested that the genus Aaptos Gray, 1867 be reassigned to the family Suberitidae as previously done by [START_REF] Topsent | Etude monographique des Spongiaires de France. III. Monaxonida (Hadromerina)[END_REF]. [START_REF] Lafay | An analysis of partial 28S ribosomal RNA sequences suggests early radiations of sponges[END_REF] compared sequences from the 5′ end terminal part of 28S ribosomal RNA for nine species of Demospongiae belonging to two subclasses (six orders) and two species of Calcispongia. The result suggested that Porifera were paraphyletic, the Calcispongia being more closely related to Eumetazoa than to Demospongiae. Within Demospongiae, Haplosclerida species formed a basal clade and the other species belonging to Halichondrida, Agelasida, and Poecilosclerida formed a second clade. The hypothesis of Lévi concerning the two main subclasses Tetractinomorpha and Ceractinomorpha was not supported. However, because of the small number of species present in this work, the result was not included in Systema Porifera.

Most of the following works on molecular phylogeny of Demospongiae have been done using either 18SrDNA or 28S rDNA or both. Results with partial 18S rDNA sequences were not sufficiently informative (Kelly-Borges and [START_REF] Kelly-Borges | Phylogeny and classification of lithistid sponges (Porifera: Demospongiae): a preliminary assessment using ribosomal DNA sequence comparisons[END_REF][START_REF] Adams | Indications of relationships between poriferan classes using full-length 18SrRNA gene sequences[END_REF][START_REF] Mcinerney | Phylogenetic resolution potential of 18S and 28S rRNA genes within the lithistid Astrophorida[END_REF][START_REF] Borchiellini | Molecular systematics of sponges (Porifera)[END_REF], although the results obtained with the full sequence are informative at least for some taxonomic levels [START_REF] Medina | Evaluating hypotheses of basal animal phylogeny using complete sequences of large and small subunit rRNA[END_REF][START_REF] Manuel | Phylogeny and evolution of calcareous sponges: monophyly of Calcinea and Calcaronea, high level of morphological homoplasy, and the primitive nature of axial symmetry[END_REF]Borchiellini et al. 2004b). Except in the work of [START_REF] Medina | Evaluating hypotheses of basal animal phylogeny using complete sequences of large and small subunit rRNA[END_REF], 28S rDNA was always only partially sequenced. One of the major problems with the 28S rDNA sequences is that the available sequences are not comparable with each other because the sequenced domains are different, depending on the authors: C1, D1, C2 [START_REF] Lafay | An analysis of partial 28S ribosomal RNA sequences suggests early radiations of sponges[END_REF][START_REF] Chombard | Polyphyly of "sclerosponges" (Porifera, Demospongiae) supported by 28S ribosomal sequences[END_REF][START_REF] Chombard | Reassesment of homology of morphological characters in tetractinellid sponges based on molecular data[END_REF][START_REF] Vacelet | Morphological, chemical, and biochemical characterization of a new species of sponges without skeleton (Porifera, Demospongiae) from the Mediterranean Sea[END_REF]Borchiellini et al. 2004aBorchiellini et al. , 2004b)) 1998.) orders of Demospongiae (Fig. 32). The classically defined class Demospongiae is not monophyletic (Table 3). A clade comprising all 24 demosponge species, except the 2 homoscleromorph species, is well supported. For this clade, Borchiellini et al. (2004b) adopted the name Demospongiae sensu stricto in a more restricted sense than the traditional one that excluded Homoscleromorpha (Table 4). The phylogeny inferred from the molecular 18S and 28S rDNA trees within the clade Demospongiae sensu stricto clearly rejected the two subclasses Tetractinomorpha and Ceractinomorpha. While the most parsimonious tree was 1477 steps long, constraining the monophyly of both Ceractinomorpha and Tetractinomorpha required 114 supplementary steps. As al-ready suggested by [START_REF] Soest | Demosponge higher taxa classification re-examined[END_REF], I concur with the proposal to definitively abandon these two polyphyletic subclasses. In fact there is no need for this Linnaean category in the classification of Demospongiae (Borchiellini et al. 2004b). Four clusters of taxa (well supported in all analyses) have been detected. A clade (Dictyoceratida + Dendroceratida) is strongly supported by 18S rRNA and the combined data sets. This clade is called Keratosa Bowerbank, 1864 in the sense of [START_REF] Minchin | The Porifera and Coelenterata. Adam and Charles Black[END_REF] 

(Table 4).

A second clade consists of Chondrosida, Halisarcida, and Verongida (Table 3), for which it was proposed that the name Myxospongiae Zittel, 1878 be revived (Table 4). This clade has been confirmed by [START_REF] Nichols | An evaluation of support for order-level monophyly and interrelationships within the class Demospongiae using partial data from the large subunit rDNA and cytochrome oxidase subunit I[END_REF]. The third clade Fig. 32. Tree resulting from the analyses of a 18S rDNA dataset (from Borchiellini et al. 2004b). The tree is a strict consensus of maximum parsimony, neigbor joining, and maximum likelihood trees. The bootstrap value >50% are indicated above the principal nodes. The tree is rooted on Choanoflagellata. Asterisks indicate the Tetractinomorpha species and "mar" indicates marine (modified from Borchiellini et al. 2004b).

Rank Description

Demospongiae Sollas, 1885 (3 subclasses) Porifera with siliceous spicules and (or) a skeleton made of spongin fibres or occasionally without a skeleton. Spicules are either monaxonic (either monactine or diactine) or tetraxonic (tetractine), never triaxonic. The axial filament has a triangular or hexagonal section Homoscleromorpha Bergquist, 1978 (1 order) Homosclerophorida Dendy, 1905 (1 family, 7 genera)

Demospongiae with cinctoblastula larvae and viviparous reproduction; skeleton when present composed of tetraxonic spicules and derivatives with equal rays (diods, triods, lophate spicules), arranged around choanocyte chambers reflecting the canal structure Tetractinomorpha Lévi, 1953 (4 orders) Demospongiae with parenchymella or blastula larvae or direct development, predominantly oviparous reproduction. Megascleres are tetraxonic and (or) monaxonic, occurring together or separately; microscleres are asterose forms and derivatives; skeletal structure is usually radial or axially compressed Astrophorida Sollas, 1888 (5 families)

Tetractinomorpha with triaene megascleres, oxeas, and asterose microscleres; skeletal structure is radial Spirophorida [START_REF] Bergquist | Free amino acid patterns in Demospongiae: a biochemical approach to sponge classification[END_REF] (3 families)

Tetractinomorpha with triaene megascleres, oxeas, and sigmaspire microscleres; skeletal structure is radial Hadromerida Topsent, 1894 (13 families)

Tetractinomorpha with monaxonic megascleres (monactinal or diactinal) forming radiate or subradiate skeletal arrangement, sometimes obvious in the peripheral only; occasionally differentiated axial and extra-axial skeleton; microscleres are asters of various forms, or are absent in many taxa Chondrosida [START_REF] Boury-Esnault | Les Démosponges littorales de l'archipel des Açores[END_REF] (1 family, 4 genera)

Tetractinomorpha with marked collagenous cortex; skeleton may be absent, or constituted by spongin fibres or asterose microscleres Ceractinomorpha Lévi, 1953 (9 orders) Demospongiae with parenchymella larvae, and predominantly viviparous sexual reproduction; generally with both a spicule skeleton and welldeveloped spongin fibres forming a diversity of skeletal structures that include spicules and spongin fibres present altogether, spicules and spongin fibres absent, spongin fibres present, and spicules absent; megascleres are monaxonic (monactinal or diactinal), never tetractinal; microscleres are diverse (chelae, sigmas, toxes) but never asters Poecilosclerida Topsent, 1928 (25 families) Ceractinomorpha with the main skeleton composed of megascleres and spongin fibres in various stages of development; the skeleton show regional differentiation so that megascleres are often differentiated in distinct ectosomal and choanosomal components; microscleres include chelae, sigmas, sigmancistres, and toxes Halichondrida Gray, 1867 (5 families)

Ceractinomorpha with megascleres being styles, strongyles, or oxeas of widely diverging sizes and not functionally localized; skeletal structure plumoreticulate, dendritic, or confused; microscleres when present are microxeas and (or) trichodragmas Agelasida Hartman, 1980 (2 families) Ceractinomorpha with verticillately spined monactine megascleres echinating spongin fibre or an hypercalcified skeleton. Haplosclerida Topsent, 1928 (13 families) Ceractinomorpha with megascleres exclusively diactinal, bonded together with spongin or enclosed within spongin fibres; microscleres when present are sigmas and (or) toxas, microxeas, microstrongyles; the skeletal structure is an isodictyal anisotropic or isotropic reticulation Dictyoceratida Minchin, 1900 (4 families) Ceractinomorpha with an exclusive spongin fibre skeleton constructed on an anastomosing plan; the skeleton is organized as a hierarchy of primary, secondary, and sometimes tertiary elements Dendroceratida Minchin, 1900 (2 families) Ceractinomorpha with an exclusive spongin fibre constructed on a dendritic or anastomosing pattern; fibres always contain pith and are strongly laminated Halisarcida [START_REF] Bergquist | Porifera: Demospongiae. Part 5. Dendroceratida and Halisarcida[END_REF] (1 family, 1 genus) Ceractinomorpha without a skeleton, with tubular choanocyte chambers; larvae are disphaerula Verongida Bergquist, 1978 (4 families) Ceractinomorpha with an exclusive spongin fibre constructed on an anastomosing plan with polygonal meshes; the boundary between bark and pith is very marked Table 3. Classification of Demospongiae following Systema Porifera [START_REF] Hooper | Systema Porifera. A guide to the classification of sponges[END_REF].

corresponds to the marine Haplosclerida and the fourth clade to all other orders. The relationships between the four clades are not resolved and differ according to the data sets and the methods used in the phylogenetic analyses. Reconstruction of character evolution by mapping several characters on the molecular trees suggests a reverse polarity of some characters with respect to the classical concepts (Borchiellini et al. 2004b). The presence of monaxon spicules and spongin appears to be ancestral, whereas the presence of tetraxon spicules appears to be a derived character (synapomorphy of Tetractinellida). Viviparity is also an ancestral character, whereas oviparity is a derived character that appeared two times convergently with one reversion to viviparity. The demosponge outgroups (Calcispongia, Hexactinellida, and Homoscleromorpha) are also viviparous and this is consistent with the hypothesis of an ancestral viviparity for the Demospongiae (Borchiellini et al. 2004b). [START_REF] Nichols | An evaluation of support for order-level monophyly and interrelationships within the class Demospongiae using partial data from the large subunit rDNA and cytochrome oxidase subunit I[END_REF] using a larger data set of 18S rDNA sequences could not recover the monophyly of Demospongiae sensu stricto. The main problem is that a hexactinellid sequence appears to be an ingroup of Demospongiae. This problem could be due either to a long-branch attraction artefact introduced by the hexactinellid sequence or to the lack of information of the fragment of the 28SrDNA sequence for the deep nodes or to the choice of the outgroups and the position of the root. Another problem is the position of some sequences like those attributed to Geodia papyracea Hechtel, 1965 and Geodia barretti Bowerbank, 1858 that appear nested inside a clade of Poecilosclerida, while Geodia media Bowerbank, 1873 clustered with the other astrophorids like species of Ecionemia Bowerbank, 1862or Rhabdastrella Ehlers, 1870[START_REF] Nichols | An evaluation of support for order-level monophyly and interrelationships within the class Demospongiae using partial data from the large subunit rDNA and cytochrome oxidase subunit I[END_REF] wrote that this result "is unlikely given the complexity of characters grouping these species with other astrophorids, and is not supported by the COI or combined analyses". In the cytochrome oxydase I (COI) tree, the data set is smaller and there is only one outgroup that is a hexactinellid sequence.

However, the clades Keratosa and Myxospongiae as defined by Borchiellini et al. (2004b) were partially recovered and the Homoscleromorpha seemed to have more affinity with Calcispongia than with any other demosponge sequences.

Other recent phylogenetic works proposed hypotheses based on molecular trees at different levels, from orders to species, that were mostly based on 28S rDNA. [START_REF] Chombard | Les Demospongiae à asters : essai de phylogénie moléculaire. Homologie du caractère « aster ». Ph.D. thesis[END_REF] have shown that Astrophorida and Spirophorida constitute a monophyletic clade which corresponds to Tetractinellida Marshall, 1876. The molecular tree, in this case, is congruent with morphological characters, the synapomorphy for Tetractinellida being the presence of a tetraxon spicule. However, several polyphyletic families within Tetractinellida have been detected, like the Ancorinidae and Geodiidae [START_REF] Chombard | Les Demospongiae à asters : essai de phylogénie moléculaire. Homologie du caractère « aster ». Ph.D. thesis[END_REF], which necessitates a revision from the molecular and the morphological points of view. For the Haplosclerida, a very recent work shows the non-congruence between the molecular tree and the currently accepted classification, polyphyly being found for families and genera (McCormack et al. 2002;Erpenbeck et al. 2004a). The non-monophyly of Halichondrida, suggested by [START_REF] Lafay | An analysis of partial 28S ribosomal RNA sequences suggests early radiations of sponges[END_REF] on a small data set, has been found in more recent works with a larger data set and with other markers like the elongation factor (Erpenbeck et al. 2005a(Erpenbeck et al. , 2005b;;[START_REF] Nichols | An evaluation of support for order-level monophyly and interrelationships within the class Demospongiae using partial data from the large subunit rDNA and cytochrome oxidase subunit I[END_REF]. The phylogenetic revision of Axinellidae (Halichondrida) has also demonstrated a discrepancy between molecular and morphological trees [START_REF] Alvarez | Phylogenetic relationships of the family Axinellidae (Porifera: Demospongiae) using morphological and molecular data[END_REF], not only the Axinellidae but also the genus Axinella Schmidt, 1862 being polyphyletic in the molecular tree (Erpenbeck et al. 2005b). It is becoming more common each time for taxonomists to rely on molecular phylogenies to give support to studies of new species or redescription of taxa whose affinities are dubious. The order Halichondrida is defined by negative characters and comprises 5 families, 46 genera, and more than 800 species. A multidisciplinary approach with several data sets starting from the species level seems to be the unique way in understanding the internal and external relationships between the taxa, which in Systema Porifera are assigned to the order Halichondrida. The relationships of the genus Thymosiopsis Vacelet and Perez, 1998 with the genus Thymosia and Chondrillidae were inferred from 28S rDNA sequences [START_REF] Vacelet | Morphological, chemical, and biochemical characterization of a new species of sponges without skeleton (Porifera, Demospongiae) from the Mediterranean Sea[END_REF] and confirmed the previous hypothesis of monophyly of the Chondrosida that was based only on morphology and cytology. Another example is the reassignment of the excavating genus Alectona Carter, 1879 to the Tetractinellida, instead of to the Hadromerida, based on the molecular tree and a reevaluation of morphological characters (Borchiellini et al. 2004a). When morphological and molecular trees are not congruent, we need to choose addi- tional genes but, above all, to reassess very carefully the morphological characters without any preconceived ideas.

Molecular phylogeny of Demospongiae: a variety of possible phylogenetic markers

The 18S rDNA sequences can resolve some of the deep nodes within Demospongiae [START_REF] Borchiellini | Sponge paraphyly and the origin of Metazoa[END_REF]Borchiellini et al. 2004b) if the full length is sequenced. The 28S rDNA sequence is said to better resolve the external nodes (at the family and genus levels). We are faced with the same problems that occurred 6 years ago with 18S sequences because the authors used exceptionally the full sequence [START_REF] Medina | Evaluating hypotheses of basal animal phylogeny using complete sequences of large and small subunit rRNA[END_REF]. The secondary structure of 28S rDNA will be also useful. Only few preliminary attempts have been made [START_REF] Alvarez | The phylogenetic relationships of the family Axinellidae (Porifera: Demospongiae)[END_REF][START_REF] Chombard | Les Demospongiae à asters : essai de phylogénie moléculaire. Homologie du caractère « aster ». Ph.D. thesis[END_REF]) and a more recent detailed study on the secondary structures of D3, D4, and D5 studies have been undertaken (Erpenbeck et al. 2004a).

Other sequences (COI, heat shock protein 70 (HSp70), and elongation factor-1 alpha (EF-1α), tubulin introns) have been tentatively used for molecular phylogeny with variable success. The mitochondrial gene coding for COI has been used from population levels to species, genera, and families. However, there is no informative signal between populations either in Crambe crambe (Schmidt, 1862) (Poecilosclerida) (Duran et al. 2004) or in Astrosclera willeyana Lister, 1900 s.l. (Agelasida) [START_REF] Wörheide | Low variation in partial cytochrome oxidase subunit I (COI) mitochondrial sequences in the coralline demosponge Astrosclera willeyana across the Indo-Pacific[END_REF]), but the gene coding for COI could resolve relationships between species and close genera [START_REF] Erpenbeck | Unravelling host and symbiont phylogenies of halichondrid sponges (Demospongiae, Porifera) using a mitochondrial marker[END_REF](Erpenbeck et al. , 2004b)). The same problem occurs with using the gene coding for COI as does with using 28S rDNA. Only three complete sequences are available (Lavrov andLang 2005a, 2005b;Lavrov et al. 2005), and even if the number of sequences from different taxa increases regularly in GenBank, most of them cannot be compared (e.g., the sequences of Duran et al. (2004) are not alignable with those of [START_REF] Erpenbeck | Unravelling host and symbiont phylogenies of halichondrid sponges (Demospongiae, Porifera) using a mitochondrial marker[END_REF]).

HSp70 sequences could have an informative signal for the deep nodes, but too few species have been sequenced [START_REF] Borchiellini | Phylogenetic analysis of the Hsp70 sequences reveals the monophyly of Metazoa and specific phylogenetic relationships between animals and fungi[END_REF]. EF-1α has been used to resolve Halichondrid relationships with 24 species belonging to 7 orders of Demospongiae (Erpenbeck et al. 2005a). The order Halichondrida appears clearly polyphyletic, as well as most of the other orders represented by more than one species. It is also a fragment of the EF-1α that has been sequenced. Perhaps a more informative signal would be available if the full sequence from more species and a closer outgroup were used in the analyses. Tubulin intron has been used to test the relationships of Baikalian sponges with other Spongillina [START_REF] Schröder | Molecular phylogeny of the freshwater sponges in Lake Baikal[END_REF], but more testing is required on many more species.

Future prospects and conclusion

In the conclusions of his keynote Sponge Science from Origin to Outlook, [START_REF] Lévi | Sponge science from origin to outlook[END_REF] wrote that in the future it would be necessary to know complete sponge genomes and that the choice of the reference model could well be E. fluviatilis, a freshwater demosponge that is very easy to obtain and to handle, with asexual reproduction through gemmules. This species could be a universal model at least for sponges as "Drosophila" is a model for Bilateria. As far as I know a genome project is being completed on an undescribed species of Reniera (Chalinidae, Haplosclerida) from the Australian coasts by the teams of B.M. Degnan, S.P. Leys, M.Q. Martindale, and D. Rokhsar (Degnan et al. 2005a). The reproduction of this species is viviparous and the embryogenesis and metamorphosis have been described [START_REF] Leys | Embryogenesis and metamorphosis in a haplosclerid demosponge: gastrulation and transdifferentiation of larval ciliated cells to choanocytes[END_REF][START_REF] Elliot | Sponge larval phototaxis: a comparative study[END_REF]Degnan et al. 2005b). However, this species cannot be a universal experimental model because it is available only on Australian coasts, and this choice for the first sponge genome is difficult to understand. Nevertheless, the genome data will undoubtly be very useful at least in understanding the evolution of gene families at the base of the metazoan tree.

Complete mitochondrial genomes have been sequenced recently in three Demospongiae species: Geodia neptuni (Sollas, 1886), Tethya actinia de Laubenfels, 1950, andAxinella corrugata (George andWilson, 1919) (Lavrov andLang 2005a, 2005b;Lavrov et al. 2005). Identical gene clusters are present in mitochondrial DNA of demosponges and bilaterians, but are absent in the sister-group of Metazoa, the choanoflagellates. In the future, a mitochondrial gene that is more informative than the gene coding for COI at the level of the species or genus could perhaps be found. However, these three species are closely related within Demospongiae. It would be important to sequence the mitochondrial genome of Hexactinellida, Calcispongia, and Homoscleromorpha,a s well as members of the Keratosa and Myxospongiae,t o better understand the relationships between these poriferan clades.

A revival of interest in Demospongiae systematics started with the publication of Systema Porifera [START_REF] Hooper | Systema Porifera. A guide to the classification of sponges[END_REF]. In spite of that, a general consensus has not been reached among spongologists and many questions are still unresolved. Since then, several works based on molecular phylogeny have helped to propose new hypotheses and to focus on several problems: the polyphyly of Halichondrida and the paraphyly of Haplosclerida, as well as the polyphyly of several families and genera (e.g., polyphyly of Axinellidae and of the genus Axinella). The monophyly of Tetractinellida, Keratosa, and Myxospongiae is relatively well supported and revives interest in the phylogenetic hypotheses of "old" authors like Sollas, Ridley, and Topsent. One other unresolved question is "which is the ancestral skeleton of Demospongiae, either spongin fibres or diactines" (Borchiellini et al. 2004b). A huge amount of work is facing spongologists in the 21st century and it is necessary to examine the relations between species of Demospongiae from all possible angles.

Fig. 1 .

 1 Fig. 1. Scanning electron micrograph (SEM) of Haliclona mediterranea*. Choanosome where the choanocyte chambers hang in the inhalant canals (inc). The external part of the chambers is covered directly by the endopinacocytes. Mesohyl is not very developed. Scale bar: 50 µm (modified from De Vos et al. 1991). Fig. 2. SEM of Haliclona mediterranea*. Detail of a choanocyte chamber. See the details of the prosopyles. Scale bar: 10 µm (courtesy of J. Vacelet). cc, choanocyte chamber; exc, exhalant canal; inc, inhalant canal; p, prosopyle. The micrographs are available from the micrograph database realized in Station marine d'Endoume (Marseille) and are based on the collection of J. Vacelet and N. Boury-Esnault. The micrographs of species with asterisks have been realized in the Université libre de Bruxelles with L. De Vos.

Fig. 3 .

 3 Fig. 3. SEM of Discodermia polydiscus*. Detail of a choanocyte chamber. Scale bar: 10 µm. Fig. 4. SEM of Scopalina rutzleri*. Choanosome with a medium-developed mesohyl. Scale bar: 100 µm (modified from De Vos et al. 1991). Fig. 5. Transmission electron micrograph (TEM) of Aplysina cavernicola. Transverse section of a choanocyte chamber. Scale bar: 10 µm (courtesy of J. Vacelet). Fig. 6. SEM of Spongia nitens. Fracture through a choanocyte chamber. In the upper left see the flagellum of the endopinacocytes. Scale bar: 10 µm. A, apopyle; b, bacteria; cc, choanocyte chamber; ch, choanocyte; Ex, external surface; exc, exhalant canal; fe, flagellated endopinacocyte; M, mesohyl. Refer to the caption of Figs. 1 and 2 for the sources of the micrographs.

Fig. 7 .

 7 Fig. 7. SEM of Dysidea pallescens. Shape of choanocytes. Scale bar: 5 µm (modified from Boury-Esnault et al. 1990). Fig. 8. TEM of Aplysina cavernicola. Shape of choanocytes. Scale bar: 2 µm (modified from Boury-Esnault et al. 1990). Fig. 9. TEM of Cacospongia scalaris. Shape of choanocytes. Scale bar: 2 µm (modified from Boury-Esnault et al. 1990). Fig. 10. TEM of Suberites ficus. Transverse section through the choanosome. Note the central cell at the apopyle of the choanocyte chamber and the periflagellar sleeve around the flagellum inside the collar of microvilli. Scale bar: 3 µm (modified from De Vos et al. 1991). b, bacteria; cc, choanocyte chamber; ce, central cell; ch, choanocyte; f, flagellum; mc, collar of microvilli; M, mesohyl; N, nucleus; ps, pseudopode. Refer to the caption of Figs. 1 and 2 for the sources of the micrographs.

Fig. 11 .

 11 Fig. 11. TEM of Acanthochetetes welsii. Periflagellar sleeve is located around the flagella inside the collar of microvilli. Scale bar: 2 µm (modified from De Vos et al. 1991). Fig. 12. SEM of Oscarella lobularis*. Apopylar cells are located at the apopyle of the choanocyte chambers. Scale bar: 5 µm. Fig. 13. SEM of Oscarella lobularis*. Flagellated pinacoderm on all internal and external surfaces. Scale bar: 50 µm. Fig. 14. TEM of Oscarella lobularis. Flagellated apopincaocyte. Scale bar: 4 µm. A, apopyle; ac, apopylar cell; cc, choanocyte chamber; co, collagen; exc, exhalant canal; f, flagellum; fe, flagellated endopinacocyte; fex, flagellated exopinacocyte; mc, collar of microvilli; N, nucleus; p, prosopyle. Refer to the caption of Figs. 1 and 2 for the sources of the micrographs.

Fig. 15 .

 15 Fig. 15. TEM of Oscarella lobularis. Cross section of an apopylar cell. Scale bar: 4 µm. Fig. 16. TEM of Acanthochetetes welsii. Central cell located at the apopyle of choanocyte chamber. Scale bar: 2 µm (courtesy of J. Vacelet). Fig. 17. TEM of Hyrtios sp. Endopinacocytes. Scale bar: 2 µm (modified from De Vos et al. 1991). Fig. 18. TEM of Aplysina cavernicola. T-shaped exopinacocyte. Scale bar: 2 µm. ac, apopylar cell; ce, central cell; ch, choanocyte; f, flagellum; en, endopinacocyte; exc, exhalant canal; Ex, external surface; N, nucleus. Refer to the caption of Figs. 1 and 2 for the sources of the micrographs.

Fig. 19 .

 19 Fig. 19. SEM of Discodermia polydiscus*. Choanosome and mesohyl full of bacteria. Scale bar: 10 µm (modified from De Vos et al. 1991). Fig. 20. TEM of Aplysina cavernicola. Mesohyl. Observe the density of bacteria compared with the density of the cells. Scale bar: 2 µm (modified from De Vos et al. 1991). Fig. 21. TEM of Polymastia robusta. Glycocyte. Observe the glycogen. Scale bar: 1 µm (modified from Boury-Esnault 1977). Fig. 22. TEM of Hamigera hamigera. Sphincter of contractile cells around pore-sieves. Scale bar: 10 µm (modified from Boury-Esnault 1974). A, apopyle; Ar, archaeocyte cell; b, bacteria; cc, choanocyte chamber; g, glycogen; i, inclusion; M, mesohyl; N, nucleus; p, prosopyle; Sp, sphincter of contractile cells. Refer to the caption of Figs. 1 and 2 for the sources of the micrographs.

Fig. 23 .

 23 Fig. 23. TEM of Hamigera hamigera. Spherulous cell with paracrystalline inclusion within the nucleus Scale bar: 1 µm. Fig. 24. TEM of Acanthella acuta. Vacuolar cells present in the mesohyl showing a paracrystalline inclusion in the nucleus. Scale bar: 1 µm. Fig. 25. TEM of Aplysina aerophoba. Spherulous cell with microgranular inclusion. Scale bar: 1 µm. Fig. 26. TEM of Spirastrella sabogae. Spherulous cells. Scale bar: 1 µm. C, intranuclear paracrystalline inclusion; mS, microgranular spherule; N, nucleus; S, spherule; V, vacuole. Refer to the caption of Figs. 1 and 2 for the sources of the micrographs.

Fig. 27 .

 27 Fig. 27. TEM of Oscarella lobularis. Vacuolar cell. Scale bar: 2 µm. Fig. 28. TEM of Oscarella microlobata. Spherulous cell. Scale bar: 1.5 µm (modified from Muricy et al. 1996). Fig. 29. TEM of Oscarella imperialis. Spherulous cell. Scale bar: 2 µm. Fig. 30. TEM of Oscarella viridis. Spherulous cell. Scale bar: 1 µm (modified from Muricy et al. 1996). C, intranuclear paracrystalline inclusion; N, nucleus; S, spherule; V, vacuole. Refer to the caption of Figs. 1 and 2 for the sources of the micrographs.

  ; D3 (McInerney et al. 1999; Alvarez et al. 2000); D3-D5 (McCormack and Kelly 2002; Erpenbeck et al. 2004a); and D3-D7 (Nichols 2005). Consequently, in the present comparative context, the numerous partial sequences of 28SrDNA that have been deposited in databases are often useless. Borchiellini et al. (2004b) compared the complete 18S rDNA sequences for 26 species belonging to 13 of the 14

Fig. 31 .

 31 Fig. 31. Tree resulting from the analyses of a 28S rDNA data set of tetractinellid species. Synapomorphies of the principal nodes: A, asterose microsclere (euaster and streptosclere); B, loss of steptosclere with persistence of euaster; C, sterraster and microrhabd in the outer layer of the cortex; D, loss of sterraster with persistence of midrorhabd in the outer layer of the cortex. *Species previously attributed to the Ancorinidae. ¤Species previously attributed to Geodiidae. (Modified from Chombard et al.1998.) 

  

Table 1 .

 1 Characteristics of the choanosome of calcified sponges compared with non-calcified species of the same order (from[START_REF] Boury-Esnault | Ultrastructure of choanosome and sponge classification[END_REF]).

			Choanocyte				
		Volume of choanocyte		Diameter		Periflagellar	
		chamber (µm 3 )	Number	(µm)	Shape	sleeve	Mesohyl
	Agelasida						
	Astrosclera willeyana	580-2500	5-50	4.4-8.8	Flattened	No	Dense
	Ceratoporella nicholsoni	580-1500	5-17	6.0-9.1	Flattened	No	Dense
	Agelas oroides	400-500	5-60		Flattened	No	Dense
	Hadromerida						
	Acanthochaetetes wellsi	1500-4800	20-130 3.6-5.6	Flattened	Yes	Loose
	Suberites ficus	2500	30-100 4.0-5.2	Flattened	Yes	Loose
	Haplosclerida						
	Calcifibrospongia	3400	100-150 4.2	Cylindrical No	Loose
	Callyspongia diffusa	3500	120	3	Cylindrical No	Loose

Table 1). Choanocyte chambers directly "hanging" in the inhalant space and covered by a pinacocyte layer (Figs. 1, 2) into which the prosopyles open

  This classification for the first time proposes to follow the rules of the PhyloCode (http://www.ohiou.edu/phylocode/). A taxon name is italicized if it corresponds to a supported monophyletic group that received a phylogenetic definition inBorchiellini et al. (2004b).

	Rank	Description
	Homoscleromorpha (nomen cladi conversum ex	Stem based; the most inclusive clade that includes Oscarella lobularis and not
	Homoscleromorpha Lévi 1973)	Geodia cydonium, Leucosolenia variabilis, Oopsacas minuta, Hydra viridis,
		and Beroe ovata
	Demospongiae (nomen cladi conversum ex	Node based; the least inclusive clade containing Haliclona mediterranea,
	Demospongiae Sollas, 1885)	Geodia cydonium, Spongia officinalis, and Chondrosia reniformis
	Keratosa (nomen cladi conversum ex	Stem based; the most inclusive clade containing Spongia officinalis and not
	Keratosa Bowerbank, 1864)	Aplysina cavernicola, Haliclona mediterranea and Geodia cydonium
	Myxospongiae (nomen cladi conversum ex	Node based; the least inclusive clade containing Aplysina cavernicola,
	Myxospongiae Zittel, 1878)	Chondrosia reniformis, Hexadella racovitzai, and Thymosia guernei
	Tetractinellida (nomen cladi conversum ex	Apomorphy based; the clade stemming from the first species to possess
	Tetractinellida Marshall, 1876)	tetractines synapomorphic with those of Geodia cydonium

Note:

Table 4 .

 4 Classification of Demospongiae followingBorchiellini et al. (2004b).

Table2. Comparisons of the problems linked to different techniques (i.e., morphology, anatomy and cytology, molecular phylogeny, and secondary metabolites) used to acquire data sets.