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ABSTRACT The metamorphosis of the cinctoblastula of
Homoscleromorpha is studied in five species belonging to
three genera. The different steps of metamorphosis are
similar in all species. The metamorphosis occurs by the
invagination and involution of either the anterior epithe-
lium or the posterior epithelium of the larva. During met-
amorphosis, morphogenetic polymorphism was observed,
which has an individual character and does not depend
on either external or species specific factors. In the rha-
gon, the development of the aquiferous system occurs
only by epithelial morphogenesis and subsequent differ-
entiation of cells. Mesohylar cells derive from flagellated
cells after ingression. The formation of pinacoderm and
choanoderm occurs by the differentiation of the larval
flagellated epithelium. This is possibly due to the conser-
vation of cell junctions in the external surface of the larval
flagellated cells and of the basement membrane in their in-
ternal surface. The main difference in homoscleromorph
metamorphosis compared with Demospongiae is the per-
sistence of the flagellated epithelium throughout this proc-
ess and even in the adult since exo- and endopinacoderm
remain flagellated. The antero-posterior axis of the larva
corresponds to the baso-apical axis of the adult in Homo-
scleromorpha. J. Morphol. 268:518–528, 2007. � 2007

Wiley-Liss, Inc.
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Metamorphosis is the short-term stage of postem-
bryonic development during which the larva devel-
ops into a juvenile. During this period fundamental
morphological and physiological changes occur,
which involve new organogenesis and organization
of the basic body plan. For sessile animals that
have free-living larvae, after a period of dispersal,
the larvae acquire the ability to settle that initiate
metamorphosis (Fell, 1997).

After settlement, the main feature of the meta-
morphosis of sponge larvae is the acquisition of the
poriferan Bauplan, which is mainly represented by
the aquiferous system. The first adult structures to
be formed de novo are the exopinacoderm and the
basopinacoderm which, respectively, isolate the
young sponge from the external environment and
fix it to the substratum. Later, organization of the

choanocyte chambers and the water current chan-
nels, the opening of the ostia and osculum as well
as the acquisition of the elements of the skeleton
occur. The sequence of these events has been
described only in few species (Brien and Meewis,
1938; Lévi, 1956; Boury-Esnault, 1976; Evans,
1977; Ilan and Loya, 1990; Kaye and Reiswig, 1991;
Amano and Hori, 1993, 1996, 2001; Leys and
Degnan, 2002; Gonobobleva and Ereskovsky, 2004).

Homoscleromorpha have recently been consid-
ered as a clade that has no clear relationships to all
other Demospongiae (Borchiellini et al., 2004).
Homoscleromorph species share some morphologi-
cal, anatomical, cytological, biochemical and embryo-
logical characters that are common to eumetazoans
and absent in other poriferan clades (Boury-Esnault
et al., 1984, 1992, 1995, 2003; Baccetti et al., 1986;
Solé-Cava et al., 1992; Boute et al., 1996; Muricy
et al., 1996a,b, 1999; Boury-Esnault and Jamieson,
1999; Ereskovsky and Boury-Esnault, 2002).

We have already described early development
from egg to coeloblastula stage in five species of
Oscarella (Ereskovsky and Boury-Esnault, 2002)
and embryogenesis from coeloblastula to larva in
eight species of Homoscleromorpha (Boury-Esnault
et al., 2003). The most distinctive feature of early
development in homoscleromorphs is the formation
of a coeloblastula from a stereoblastula by ‘‘multi-
polar egression,’’ i.e., progressive migration of the
internal cells to the periphery. Penetration of sym-
biotic bacteria into the embryos of all species inves-
tigated, and maternal cells into embryos of Oscar-
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ella lobularis and O. imperialis, has been observed.
Symbiotic bacteria and maternal cells migrate from
the mesohyl into the space between eggs and follic-
ular cells before follicular closing (Ereskovsky and
Boury-Esnault, 2002). Morphogenesis of the larva
is similar in all investigated species. The result of
embryogenesis is a flagellated larva, the ‘‘cincto-
blastula’’ (Boury-Esnault et al., 2003). It is com-
posed of a columnar epithelium of polarized, mono-
flagellated cells among which are scattered a few
nonflagellated ovoid cells. Cinctoblastulae have a
distinct antero-posterior polarity that is discernible
due to the shape of the larva and the distribution of
three flagellated cell types: the cells of the anterior
pole, those of the postero-lateral zone which have
an intranuclear paracrystalline inclusion, and those

of the posterior pole. Zonula adherens-like junctions
are observed at the distal parts of the cells. A base-
ment membrane underlying the flagellated cells
lines the larval cavity. The single basal rootlet of
the flagella is cross striated (Boury-Esnault et al.,
2003).

Although several histological studies have de-
scribed the larva and its metamorphosis in Oscarella
lobularis (¼ tuberculata) (Barrois, 1876; Heider,
1886; Maas, 1898; Meewis, 1938; Lévi, 1956) and
Plakina monolopha (Schulze, 1880), only one ultra-
structural study described some steps of the meta-
morphosis of O. lobularis (Lévi and Porte, 1962).

We describe here all the phenomena from the set-
tlement to the metamorphosis of the cinctoblastula
and the organization of the rhagon in five species of

Fig. 1. Larvae of Homoscleromorpha. A: Distal parts of flagellated cells of the anterior pole of a free-swimming cinctoblastula
larva of Oscarella tuberculata (TEM). Scale bar 2 lm. B: Distal parts of flagellated cells of the anterior pole of a competent cincto-
blastula of Oscarella tuberculata (TEM). Scale bar 1 lm. C: Mucous area on the apical pole of cinctoblastula of Oscarella tubercu-
lata just before the fixation (SEM). Scale bar 25 lm. D: Semi-thin section of a free-swimming cinctoblastula of Corticium candela-
brum. Scale bar 50 lm. E: Semi-thin section of a flattened cinctoblastula of Corticium candelabrum just before fixation. Scale bar
50 lm. A, accessory centriole; Ap, anterior pole; Bb, basal body of flagellar apparatus; Cc, central cavity; F, flagella; Ga, Golgi appa-
ratus; Ma, mucous area; Mt, mitochondria; Pl, postero-lateral cells with intranuclear paracrystalline inclusions; Pp, posterior pole;
Sb, symbiotic bacteria; Vm, vacuoles with mucus.
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Homoscleromorpha using light, transmission, and
scanning electron microscopy (SEM). The presence
of an intranuclear paracrystalline inclusion in cells
forming a belt around the posterior pole is a natural
marker that we have used to monitor the fate of
cells during metamorphosis.

MATERIALS AND METHODS

Metamorphosis was investigated in five Mediterranean species
of homoscleromorph sponges: Oscarella tuberculata (Schmidt,
1868), O. lobularis (Schmidt, 1862), O. microlobata (Muricy
et al., 1996a), Corticium candelabrum (Schmidt, 1862), and Pla-
kina trilopha (Schulze, 1880).
The sponges were collected by SCUBA diving from July to Au-

gust 2000, 2001, and August to September 2002 in the western
Mediterranean Sea, at depths of 5–25 m.
In the laboratory, larvae were released from maternal sponges

by table-lamp illumination following dark adaptation. Larvae
were maintained at 188C. Larvae were transferred to sterile petri
dishes containing 30 ml of sea water. Settlement and metamor-
phosis of the larvae were monitored under a microscope and
larvae were fixed at the beginning of substrate attachment and
after 3, 12, 24, 72, and 144 h.
For SEM, the fixative used was a 5:1 mixture of 2% OsO4 in fil-

tered sea water and saturated mercuric chloride (Johnston and
Hildemann, 1982). Specimens were fractured in liquid nitrogen,
critical-point-dried, sputter-coated with gold–palladium, and
observed under a Hitachi S570 SEM.

For transmission electron microscopy (TEM), two fixation
methods were used: 1) one volume of 2.5% glutaraldehyde, four
volumes of 0.4 M cacodylate buffer, and five volumes of seawater
(1,120 mOsm) and post-fixation in 2% OsO4 in seawater (Boury-
Esnault et al., 1984), and 2) samples were prefixed in 1% OsO4 in
0.1 M phosphate buffer for 10 min and fixed in 2.5% glutaralde-
hyde in 0.1 M phosphate buffer (1,120 mOsm) at room tempera-
ture for 1 h. After fixation, samples were washed in 0.1 M phos-
phate buffer and postfixed in 1% OsO4 in 0.1 M phosphate buffer
for 1 h, dehydrated through a graded ethanol series, and embed-
ded in Araldite (Ereskovsky and Boury-Esnault, 2002). Thin sec-
tions, contrasted with uranyl acetate and lead citrate, were
observed under a Zeiss-1000 TEM.

For the definition of terms concerning general embryology, see
Gilbert and Raunio (1997) and Stern (2004). For the definition of
terms for sponge morphology and embryology, see Harrison and
De Vos (1991), and Boury-Esnault and Rützler (1997).

RESULTS
Competence

Before settlement there is a period of preparation
during which larvae become competent for metamor-

Fig. 2. Diagram of the different paths of formation of the
rhagon during the metamorphosis of homoscleromorph larvae.
(a) Cinctoblastula; (b–b2) basal invagination; (c1,c2) basal ring-
like invagination; (d–d3) extension and folding up of lateral
sides of post-larva; (e) rhagon. Al, antero-lateral cells; Ap, ante-
rior pole cells; If, internal folds of post-larva epithelium; Pl,
postero-lateral cells with intranuclear paracrystalline inclu-
sions; Pp, posterior pole cells.

Fig. 3. Post-larva of Plakina trilopha, fixed to substratum.
A: SEM. Scale bar 50 lm. B: Semi-thin micrograph. Scale bar
50 lm. App, apical part; Bp, basal part; Cc, central cavity; Ba,
border area; F, flagella; Sb, symbiotic bacteria.
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phosis. The main changes occur within the cells of
the anterior pole. The vacuoles with mucous content
merge with each other and migrate close to apical
surfaces of the cells (Fig. 1A,B). The mucus is
secreted by the vacuoles just as the larvae settle (Fig.
1C). The granule of secreted mucous varies from 1.1
to 4.3 lm in diameter (Fig. 1B). During the same pe-
riod the basal parts of the cells of the anterior pole
and cells of the transition zone begin to split. In com-
petent larvae the cells of the posterior pole show
pseudopodial activity. Before attachment, anterior
pole of the larva flattens and ovoid larva becomes
shorter along an antero-posterior axis (Fig. 1D,E).

Larvae settle 12–48 h after release from the par-
ent sponge. Attachment occurs by the anterior pole.
During contact with the substratum, larvae can
rotate around the axis clockwise for a short time.
Some minutes after fixation, the anterior pole of the
larva flattens, and the posterior pole, recognizable
by its color, becomes ovoid.

Fixation on Substratum

Larvae that settle take the shape of a bell with a
convex posterior pole in Oscarella microlobata and
Plakina trilopha (Figs. 2b,c1, 3A,B), or a flattened
form in Oscarella tuberculata (Fig. 2d,d1).

At the beginning of metamorphosis, modifications
of shape and size of the cells occur in all parts of the
post-larvae. In O. tuberculata and Corticium cande-
labrum the external surface of the cells of the previ-
ous posterior pole becomes flat. They form numerous
pseudopodia (Fig. 4A). For P. trilopha the external
surface of these cells forms a complex network of
pseudopodia (Fig. 4B). This may be due to the
expansion of the cytoplasmic villi surrounding the
flagella of the larvae. Some cells begin to migrate
inside the post-larvae and to differentiate into cells
of the mesohyl (Figs. 4C, 5A,B). Flagellated cells
which differentiate into choanocytes have a pris-
matic shape, and when they differentiate into pina-

Fig. 4. Apical cells of homoscleromorphs post-larvae. A: Superficial side of apical cells of the post-larva of Oscarella tuberculata
(SEM). Scale bar 3.5 lm. B: The surface of apical cells of Plakina trilopha post-larva with a complex network of pseudopodia
(SEM). Scale bar 4 lm. C: Cells of apical part of a post-larva of Oscarella microlobata (SEM). Scale bar 3 lm. D: Flagellated cells
which differentiate into pinacocytes in Plakina trilopha (TEM). Scale bar 2 lm. Insert: Detail of a desmosome-like junction. Scale
bar 0.25 lm. Bb, flagellar basal body; F, flagella; Mc, cell, beginner migration; N, nucleus; Ps, pseudopodia; Sb, symbiotic bacteria.
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cocytes they become cuboidal (Fig. 4D), and then
flat.

The border between the apical and lateral part of
the post-larvae is well visible (Fig. 3A). The flagella
of the cells of this zone persist (Fig. 3A). This zone
is constituted by two kinds of larval cells: the lat-
eral cells and the cells with intranuclear paracrys-

talline inclusion, described earlier (Boury-Esnault
et al., 2003).

Lateral cells of the post-larva show greater change
in size and shape than basal and apical ones; many
take on an irregular shape. Others migrate into the
larval cavity (Figs. 4C, 5A,B) and the form of these
cells becomes prismatic or pear-shaped. The cell junc-
tions become not visible and flagella are resorbed
into the cytoplasm. The basement membrane may be
present or partially reduced (Fig. 5A,B).

The shape of the basal cells of the post-larva
changes from prismatic to cuboidal due to the flat-
tening of the cell (Fig. 6A,B). During this process
the apical surface of the post-larva flattens and
expands. The cells maintain the specialized junc-
tions (Fig. 4D, insert), and the basement membrane
of the larval epithelium (Fig. 5A). The external sur-
face of basal post-larva cells shows numerous pseu-
dopodia which are the sign of high activity. Some
cells of this zone differentiate into basopinacocytes,
responsible for the fixation of the rhagon to substra-
tum. The external surface of these cells become flat,
cytoplasmic villi disappear, and flagella draw into
the cytoplasm (Fig. 6C).

Fragments of internal sides from the epithelial cells,
containing yolk granules, are found in the cavity under
the cells (Fig. 6A,B). These fragments are spherical or
oval in shape, with a diameter from 1.2 to 4.2 lm.

The form of the postero-lateral cells of the edge
area is variable. They become flat, forming numer-
ous pseudopodia, larval microvilli are reduced but
the flagella are present. The edge area mainly con-
sists of larval cells with intranuclear paracrystal-
line inclusions which gradually disappear (Fig. 6D).

Metamorphosis

The basic morphogenetic event is the invagina-
tion and involution of a layer of flagellated cells to
the inside of the metamorphosing larva. This occurs
by different paths (Figs. 2, 7A–E). The most fre-
quent way is the formation of a cavity by invagina-
tion of the basal layer of the post-larva (Figs. 2b–b2,
7A). Sometimes in O. tuberculata the basal layer
remains attached in the center and a ring-like cav-
ity is formed (Figs. 2c1,c2, 7B). In a third case, the
first event is the flattening of the larva, followed by
the folding of the marginal zones in the direction of
the apical pole of the post-larvae (Figs. 2d–d3, 7C–
E). In this case, the apical flagellated epithelium
becomes internal. Secondary involution of flagellated
epithelium occurs in some larvae (Fig. 7A,D,E).
During this morphogenesis cells from the marginal
zones migrate inside the post-larva.

Formation of the Adult Structure

The first adult structure to form is the exopinaco-
derm (Fig. 8A,B). Soon after settlement the surface
cells become flattened and cover the inner cells
(Fig. 8A,B). These cells display numerous pseudopo-

Fig. 5. Larval cells migrating inside of post-larva. A: Inter-
nal part of post-larva of Oscarella tuberculata with the cell
migrated inside of larval cavity (SEM). Scale bar 3 lm. B: Flag-
ellated cell migrated into central cavity of Plakina trilopha
post-larva (TEM). Scale bar 3 lm. Bm, basement membrane; F,
flagella; L, lipid droplet; Mc, migrated cell; N, nucleus; Sb, sym-
biotic bacteria.
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dia (Fig. 8B) and retain the flagella. During meta-
morphosis, the exopinacocytes become thinner ex-
cept in the nuclear region.

The development of the aquiferous system (choano-
cyte chambers and canals) begins after exopinaco-
derm formation (Figs. 2b2,c2,d3, 8C,D). During the for-
mation of the canals cells become cuboidal, and then
flat, which leads to an increase in the surface area of
epithelia lining the closed space inside the rhagon.
The result is the formation of numerous folds (Fig.
8C). Internal parts of these folds of the flagellated epi-
thelia become choanocyte chambers, whereas adjoin-
ing parts of folds become canals (Figs. 2e, 8C,D).

The differentiation of larval cells into adult cells
during metamorphosis occurs according to their
location. During the first stages of pinacocyte and
choanocyte differentiation, larval flagella persist
(Figs. 8A,B, 9A–C). But modifications of the basal

flagellar apparatus are observed: the flagellar basal
rootlet breaks up. Differentiated endopinacocytes
are flattened cells, fusiform in perpendicular sec-
tion (Figs. 8D, 9A). During choanocyte differentia-
tion, the cells are cuboidal or prismatic, the distal
part develops microvilli, and the nucleus is gener-
ally basal (Fig. 9B,C). The cells that migrate to the
larval cavity during metamorphosis show the most
significant changes. They completely loose the flag-
ellum and the flagellar basal apparatus, and become
amoeboid (Fig. 9D). Later they differentiate into
various cells of the mesohyl: archaeocytes, spheru-
lous cells, and sclerocytes (Plakina and Corticium).
The ostia and osculum are formed after the aquifer-
ous system development.

In early stages of metamorphosis, a dense popula-
tion of symbiotic bacteria is located in the apical
part of post-larva. Later these bacteria are uni-

Fig. 6. Post-larva cells differentiation. A: Early stage of differentiation of basal cells into basopinacocytes for Plakina trilopha
(SEM). Scale bar 4 lm. B: Intermediary stage of differentiation into basopinacocytes for Plakina trilopha (SEM). Scale bar 4 lm.
Insert: Basal fragments of cell with the yolk inclusions (TEM). Scale bar 2 lm. C: Resorption of flagellum on a former cell of poste-
rior pole of post-larva of Oscarella tuberculata. Scale bar 2 lm (TEM). D: Gradual disappearance of intranuclear paracrystalline
inclusions in the cells of the edge of metamorphosed larva in Oscarella tuberculata (TEM). Scale bar 0.5 lm. Bf, basal fragments of
cells; F, flagella; N, nucleus; P, paracrystalline inclusion; Ps, pseudopodia; Sb, symbiotic bacteria; Y, yolk inclusions.
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formly distributed inside the rhagon (Figs. 1E, 3B,
4D, 8D, 9A). During metamorphosis symbiotic bac-
teria have not been observed to be phagocytosed,
and continue to divide. Also during metamorphosis,
we did not observe either phagocytosis of cells or
cell proliferation.

DISCUSSION

We have shown in previous works that the larval
epithelium of homoscleromorphs is a true columnar

epithelium, homologous to the eumetazoan epithe-
lium: intercellular junctions join the apical parts of
the cells, and a basement membrane underlying the
flagellated cell is lining the larval cavity (Boury-
Esnault et al., 2003). Here we have demonstrated
that the formation of the adult pinacoderm and
choanoderm during metamorphosis occurs through
the differentiation of the larval epithelium. This
cytodifferentiation is similar to that of the eumeta-
zoan epithelium (Gilbert, 2003). The transforma-
tion of single-layered epithelia is well known in de-

Fig. 7. Morphogenetic events during the metamorphosis. A: Dome-shaped invagination of basal epithelium of a post-larva
(Oscarella tuberculata) (SEM). Scale bar 30 lm. B: Ring-like involution of the cells surrounding the central attached part of a post-
larva (Oscarella tuberculata) (SEM). Scale bar 30 lm. C: Extension and involution of lateral-apical flagellated epithelium in Corti-
cium candelabrum (SEM). Scale bar 50 lm. D: Involution of antero-apical flagellated epithelium in Plakina trilopha. Semi-thin sec-
tion. Scale bar 50 lm. E: Involution of antero-apical flagellated epithelium in Plakina trilopha. Semi-thin section. Scale bar 25 lm.
App, apical part; Bp, basal part; Cc, central cavity; Ea, edge area; F, flagellum; Li, secondary lateral involutions; P, cells with intra-
nuclear paracrystalline inclusions; R, ring-like involution; Sb, symbiotic bacteria.
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velopmental biology during the formation of various
hollow organs when an increase of the surface
occurs without proliferation (Wolpert, 1998; Gilbert,
2003). We have also shown here that the antero-
posterior axis of the larva corresponds to the baso-
apical axis of the adult in Homoscleromorpha.

In all sponge species studied so far metamorpho-
sis is accompanied by major disorganization of the
external layer of larval flagellated cells, and forma-
tion of the pinacoderm and choanoderm occurs by
new association of separate cells forming epithelial
layers (Lévi, 1956; Borojevic and Lévi, 1965; Boury-
Esnault, 1976; Bergquist and Green, 1977; Kaye

and Reiswig, 1991; Amano and Hori, 1993, 1996,
2001; Ivanova, 1997; Leys and Degnan, 2002). The
main difference between homoscleromorph meta-
morphosis and that occurring in other Demospon-
giae is the persistence in the former of the larval
epithelium throughout this process.

In all homoscleromorph species studied so far, the
steps of metamorphosis are similar. Events occur-
ring after cinctoblastula settlement can be subdi-
vided into three stages: 1) the beginning of cell dif-
ferentiation according to the position of the cells in
the post-larva; 2) invagination and involution of
larval epithelium, both processes being accompa-

Fig. 8. Pinacoderm and choanocyte chamber formation in Oscarella tuberculata. A,B: Exopinacoderm formation. Scale bar 2 lm. A:
TEM; B: SEM. C: Rhagon with developing aquiferous system. Semi-thin section. Scale bar 25 lm. D: Endopinacoderm and choanocyte
chamber formation in the rhagon (TEM). Scale bar 2.5 lm. Ap, apopylar cell; App, apical part; Bm, basement membrane; Bp,
basal part; Ch, choanoblast; Chc, choanocyte chamber; Ep, endopinacoblast; Ex, exopinacoblast; F, flagellum; G, glycocalyx; If, internal
folds of post-larva epithelium; Mv, microvilli; N, nucleus; Ps, pseudopodia; Sb, symbiotic bacteria.
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nied by ingression of cells from apical part and cir-
cumferential belt of the post-larva; 3) development
of the aquiferous system.

During metamorphosis of Homoscleromorpha,
earlier researchers (Heider, 1886; Maas, 1898; Mee-
wis, 1938) described only the invagination of the ba-
sal epithelium with the subsequent involution of
marginal sides. Meewis (1938) also described the
involution of the apical epithelium at the last stages
of aquiferous system development. We have shown
that the metamorphosis occurs by the invagination
and involution of either the basal epithelium or the
apical epithelium (Fig. 2).

The larvae released by the same parent and culti-
vated under the same conditions have shown mor-
phogenetic polymorphism during metamorphosis.
Therefore, this polymorphism has an individual
character and does not depend on either external

factors or species specific factors for Oscarella
tuberculata, O. microlobata, Plakina trilopha, Cor-
ticium candelabrum. Whichever morphogenetic
path is followed during formation of the aquiferous
system, the same rhagon is formed. However, this
plasticity occurs only during metamorphosis and
morphogenesis of the rhagon, and has not been
observed during embryogenesis (Ereskovsky and
Boury-Esnault, 2002; Boury-Esnault et al., 2003).

We have demonstrated here that during meta-
morphosis, the fate of cinctoblastula cells depends
on their position (Table 1). During the metamorpho-
sis by basal invagination (Heider, 1886; Maas,
1898; Meewis, 1938), antero-lateral cells of larvae
play the leading role in formation of the aquiferous
system of the rhagon (Fig. 2b–b2,c–c2). In this case,
posterior cells generate the exopinacoderm and
postero-lateral cells, the basopinacoderm. A similar

Fig. 9. Adult cell differentiation (TEM) in the rhagon of Oscarella tuberculata. A: Endopinacocyte differentiation (TEM). Scale
bar 2 lm. B,C: Differentiation of choanocytes (TEM). Scale bar 1 lm. D: Differentiation of mesohylar vacuolar cell (TEM). Scale
bar 1 lm. A, accessory centriole; Bb, basal body of flagellar apparatus; Bm, basement membrane; F, flagellum; G, glycocalyx; Ga,
Golgi apparatus; Mv, microvilli; N, nucleus; Nu, nucleolus; Sb, symbiotic bacteria; V, vacuole.
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sequence has been described for calcaronean
amphiblastulae (Amano and Hori, 1993) and in lar-
vae of Halisarca dujardini (Gonobobleva and Ere-
skovsky, 2004). When apical involution occurs the
exopinacoderm differentiates from cells of the lat-
eral zone. In the case of apical involution, antero-
lateral cells differentiate into baso- and exopinaco-
derm, whereas postero-lateral and posterior cells
give rise to aquiferous system elements (Fig. 2d–
d3). Mesohylar cells differentiate from cells of
antero-lateral and postero-lateral zones. As a gen-
eral rule, the first structure of the adult sponge
formed during metamorphosis is the exopinacoderm
(Bergquist and Green, 1977; Amano and Hori,
1993, 2001; Leys and Degnan, 2002; Gonobobleva
and Ereskovsky, 2004). In homoscleromorphs the
first steps of exopinacoderm development occur
when the basal layer invaginates (Fig. 2b,c) or after
involution of the apical epithelium (Fig. 2d).

In Demospongiae species studied so far, the basic
source of choanocytes is usually either internal cells
of the parenchymella (Bergquist and Green, 1977;
Misevic and Burger, 1982; Bergquist and Glasgow,
1986; Weissenfels, 1989; Misevic et al., 1990; Kal-
tenbach et al., 1999) or flagellated cells of the
parenchymella (Borojevic and Lévi, 1965; Amano
and Hori, 1996; Ivanova, 1997; Leys and Degnan,
2002). During rhagon development of Homosclero-
morpha all the structures are formed only by direct
transformation of flagellated cells, and therefore
flagellated cells are the sole source of choanocytes
in Homoscleromorpha.

In previous works (Ereskovsky and Boury-Esnault,
2002; Boury-Esnault et al., 2003), we have shown
that embryological and larval ultrastructural char-
acters support the monophyly of Homoscleromor-
pha. The formation of the coeloblastula by multipo-
lar egression, the morphogenesis and morphology of
cinctoblastula larvae, the presence of a basement
membrane underlying the larval epithelium, and
the characteristics of the basal apparatus of the
flagellum are similar in all the homoscleromorph
species investigated so far. Analyses of sequences of
18S rRNA cannot support the monophyly of Demo-
spongiae in the traditional sense and this is due

to the Homoscleromorpha being considered as a
separate branch from the remaining demosponges
(Borchiellini et al., 2004). In the present state
of phylogenetic resolution, four poriferan clades
have been identified: Hexactinellida, Calcispongia,
Homoscleromorpha, and Demospongiae sensu
stricto, i.e., without Homoscleromorpha. The rela-
tionships between these four clades and the other
eumetazoans have not yet been resolved. However,
it is tempting to speculate that synapomorphies for
a possible clade Eumetazoan þ Homoscleromorpha
could be the presence of a basal membrane (Boute
et al., 1996; Exposito et al., 2002), the morphogene-
sis of the epithelia of the adult, and polarity axis
conservation between the larva and the adult.
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Muricy G, Bézac C, Gallissian M-F, Boury-Esnault N. 1999.
Anatomy, cytology and symbiotic bacteria of four Mediterra-
nean species of Plakina (Demospongiae, Homosclerophorida).
J Nat Hist 33:159–176.

Schmidt O. 1862. Die Spongien des Adriatischen Meeres. Leip-
zig: Wilhelm Engelmann. 88 pp.

Schmidt O. 1868. Die Spongien der Küste von Algier mit Nach-
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