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Abstract Asexual reproduction by external budding
in Homoscleromorpha is reported for the Wrst time.
Two Mediterranean sponge species were studied,
Oscarella lobularis and O. tuberculata. Buds are
formed in the marginal basal part of sponge. Budding
takes from 1 to 4 days and is deWned in three budding
stages. First, small irregular protuberances, consisting
of external parental tissue, are formed. Second, they
elongate and acquire more regular, nipple-like shape.
These protuberances are tube like, their internal cavity
derived from parental exhalant canal. The wall consists
of three layers: (a) external layer is Xagellated exopina-
coderm, (b) internal one is Xagellated endopinacoderm
and (c) intermediate one is a thin layer of mesohyl.
Third, a spherical bud with a large central cavity is
formed. During budding, we did not observe cell prolif-
eration or transdiVerentiation either in budding zone
or in any special mitotically active region. The bud
attached to the substrate is similar to the rhagon devel-

oping after larva metamorphosis, it has a syconoid
organization. Morphogenetically, budding in Oscarella
diVeres from that in other sponges. Occurring by epi-
thelial morphogenesis, it is similar to morphallaxis dur-
ing regeneration. The presence in Homoscleromorpha
of an epithelial morphogenesis is unique among
sponges. This feature is shared by Homoscleromorpha
and Eumetazoa.

Introduction

The capacity to repair missing parts of the body is a
general characteristic of organisms, although the
extent of repair varies among species. The regenerative
potential of some invertebrates is so remarkable, that a
piece of tissues can reconstruct the whole body (Mor-
gan 1901; Korotkova 1997). Asexual reproduction
takes advantage of this capacity for propagating indi-
viduals (Brien 1973; Ivanova-Kazas 1977). It can be
found in most phyla of the Metazoa. Asexual repro-
duction is not accompanied by either meiotic recombi-
nation or fusion of male and female genomes, which is
the norm for sexual reproduction (Gilbert 2000). Asex-
ual reproduction is usually carried out by totipotent
somatic cells, not single germ cells, and the clonal pop-
ulation has the same genomic constitution.

Asexual reproduction is not homogeneous in its
nature: several types of blastogenesis (morphogenesis
accompanying asexual reproduction) are similar in
regeneration, whereas others are similar in reduction
phenomenon (Ivanova-Kazas 1977).

Porifera (sponges) are the lowest extant metazoan
phylum (Borchiellini et al. 2001; Müller and Müller
2003). Their universal characteristic is high cell
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mobility, some cells moving freely within an extracel-
lular matrix made of collagen Wbrils (the mesohyl)
(Bond 1992; Bond and Harris 1988). Most sponge
cells, especially the archaeocytes in Demospongiae,
are able to evolve continually into cells of several
other types, required by the individual organism. This
phenomenon of totipotency underlies the plasticity of
sponge organization.

Reproduction in sponges may be asexual and/or sex-
ual. Asexual propagation occurs in all classes of Porif-
era and includes fragmentation, budding and
gemmulation. Although only gemmulation has been
studied extensively, many researches believe that frag-
mentation and budding may also be important repro-
ductive processes (Fell 1993).

The Wrst fossil evidence of asexual reproduction in
sponges was discovered in the Early Vendian Dou-
shantuo phosphate deposits in central Guizhou (South
China), dating back to 580 million years ago (Li et al.
1998). Small (150–750 �m) monaxonic sponges from
these deposits were shown to have had a capacity for
bud formation.

Asexual reproduction is obligatory only in two
Demospongiae orders. It is represented by gemmula-
tion in Haplosclerida (three freshwater sponges family:
Spongillidae, Metaniidae, Palaeospongillidae) (Brien
1973; Fell 1974; Simpson 1984; Manconi and Pronzato
2002), also by gemmulation in Hadromerida (family.
Suberitidae and Clionaidae) (Topsent 1888; Herlant-
Meewis 1948; Hartman 1958; Connes 1977; Connes
et al. 1978), and by budding in the families Polymastii-
dae and Tethyidae (Merejkowsky 1879; Connes 1967;
Battershill and Bergquist 1990; Plotkin and Ereskov-
sky 1997; Gaino et al. 2006). At the same time, budding
occurs occasionally in sponges from all groups (e.g. Fell
1974, 1993; Simpson 1984; Ereskovsky 2005). There are
nofundamental morphogenetic diVerences between
bud and gemmule formation in demosponges. In both
cases polypotent and diVerentiated cells migration
occur, formation of cells aggregate, and there is devel-
opment of more or less dense propagules (bud or gem-
mule).

The object of our investigation, Homoscleromorpha,
is a monophyletic group with unclear phylogenetic
position within the class Demospongiae (Porifera)
(Borchiellini et al. 2004). Representatives of Homos-
cleromorpha have many morphological, cytological,
biochemical and embryological features in common
with Eumetazoa (Boury-Esnault et al. 1995; Boute
et al. 1996; Ereskovsky and Boury-Esnault 2002;
Boury-Esnault et al. 2003; Ereskovsky 2004, 2005).
Homoscleromorphs are the only sponges to possess the
basement membrane with collagen IV, tenascin and

laminin (Humbert-David and Garrone 1993; Boute
et al. 1996). The basement membrane underlies cho-
anoderm and pinacoderm in non-reproducing homo-
scleromorph sponges (Boury-Esnault et al. 1995;
Muricy et al. 1996, 1999), envelopes the spermatocyst
and the egg follicle in reproducing ones (Ereskovsky
and Boury-Esnault 2002; Ereskovsky 2005), and under-
lies the ciliated epithelium in larvae (Boury-Esnault
et al. 2003). Another unique feature of Homosclero-
morpha is the fact that their cover cells (exopinaco-
cytes) are ciliated (Muricy et al. 1996, 1999).

We have already described the development from
the egg to the cinctoblastula larva in 8 species of
Homoscleromorpha and larval metamorphosis in Wve
species, using light microscopy, transmission and scan-
ning electron microscopy (Ereskovsky and Boury-
Esnault 2002; Boury-Esnault et al. 2003; AV Ereskov-
sky et al., in press).

So far it has been thought that asexual reproduction
is not characteristic of Homoscleromorpha. However,
we have discovered external budding in two homo-
scleromorph species, Oscarella lobularis and O. tuber-
culata. In this paper we present a light and scanning
electron microscopic study of budding in these two
species.

Fig. 1 Map of the Northwest Mediterranean coast showing the
sites of collection of Oscarella species
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Materials and methods

Budding was investigated in two Mediterranean spe-
cies of homoscleromorph sponges: Oscarella tubercu-
lata (Schmidt, 1868) and Oscarella lobularis (Schmidt,
1862). The sponges were collected by SCUBA diving
in September 2000 and July 2005 in the western Medi-
terranean Sea at a depth of 5–25 m (Fig. 1). The
sponges collected were maintained at 18°C. Buds
were transferred to sterile Petri dishes with 30 ml of
sea water. Specimens were Wxed in the laboratory.
For scanning (SEM), transmission (TEM) electron
microscopy, and semi-thin sections’ preparation a
standard Wxation method for TEM was used: glutaral-
dehyde 2.5 % in a mixture of 0.4M cacodylate buVer
and seawater (1 vol., 4 vol., 5 vol., 1,120 mOsm) and
post-Wxation in 2% OsO4 in sea water (Boury-Esnault
et al. 1984). Semi-thin sections were stained with tolu-
idine blue. Thin sections, contrasted with uranyl ace-
tate and lead citrate, were observed under a LEO-910
TEM. For SEM the specimens were fractured in liq-
uid nitrogen, critical-point-dried, sputter-coated with
gold-palladium, and observed under a Hitachi S 570
SEM. The ratio between the volume occupied by the
mesohyl and that occupied by choanocyte chambers

was determined by linear integration in semi-thin sec-
tions observed in light microscopy (Boury-Esnault
et al. 1995).

Results

Oscarella tuberculata and O. lobularis are common
species in the sublittoral zone of the Mediterranean
Sea. Their habitats overlap, but O. tuberculata has a
broader bathymetric distribution than O. lobularis
(Boury-Esnault et al. 1992). They are similar in gen-
eral shape and size (Fig. 2a, b). The color of O. tuber-
culata is very variable, whereas O. lobularis is mostly
purple and violet. The body surface in both these two
sponges is lined by a regular layer of Xattened Xagel-
lated exopinacocytes. Beneath the epithelium, there
lies a thin mesohyl layer with regularly distributed
choanocyte chambers. O. tuberculata is characterized
by its cartilaginous consistency, and the large groups
of particularly turgid vacuolar cells, that Wll most of
the mesohyl (Boury-Esnault et al. 1992). O. lobularis
is characterized by smoother body surface and two
types of special vacuolar cells (Boury-Esnault et al.
1992).

Fig. 2 Living sponge Oscarella tuberculata (a) and Oscarella lobularis (b) and initial stage of budding in O. tuberculata (c) and O. lob-
ularis (d). B bud, L lobe. Scale bars a, b 1 cm; c 1.5 mm; d 1 mm
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Under laboratory conditions, the time required for
bud development varies from one to four days but is
usually less than two days. Buds usually form in the
marginal areas near the base of the sponge.

Oscarella budding proceeds in three well-deWned
stages.

Stage I is characterized by formation of small irregu-
lar protuberances. These precursors of buds are perpen-
dicular to the sponge surface (Fig. 2c, d). In O.
tuberculata protuberances are 554.5 § 161 �m long and
171.5 § 18.5 �m in diameter, in O. lobularis they are
332 § 16.3 �m long and 173.7 § 12.4 �m in diameter. At
this stage, protuberances consist of parental external tis-
sue, including the exopinacocytes, a thin layer of meso-
hyl, and some elements of aquiferous system (Fig. 3a, b).

Stage II. The protuberances acquire more regular,
nipple-like shape (Fig. 3c). They elongate to
1,432.5 § 66.25 �m in both species, their diameter
being 267.5 § 13.75 �m in O. tuberculata and
276.77 § 7.9 �m in O. lobularis. These protuberances

are tube-like, with the wall 80.98 § 14.2 �m wide in
both species (Fig. 3d). The internal cavity is derived
from parental exhalant canal. The wall of protuber-
ances consists of three layers: external layer is Xagel-
lated exopinacoderm, internal one is Xagellated
endopinacoderm, and intermediate one is a thin layer
of mesohyl. Small choanocyte chambers, short aquifer-
ous system canals and cells with inclusions are situated
in the intermediate layer (Fig. 3d).

Stage III. Apical parts of the protuberances bloat to
form bubbles about 473.77 § 122.12 �m in diameter,
the width of the wall being about 71.43 § 10.41 �m in
both species. The basal part of the protuberance is the
foot of the bud. Small conical outgrowths develop on
its surface (75 § 43 �m long and 48.37 § 1.78 �m in
diameter) (Fig. 4a–d). The buds are spherical, with a
large central cavity (Fig. 5a). External cells of the buds,
exopinacocytes, have well developed Xagella (Fig. 4b).
The diameter of the choanocyte chambers in the buds
is 29.4 § 4.1 �m in both species, whereas in adult

Fig. 3 Buds development in O. lobularis (a, d) and O. tuberculata
(b, c). Longitudinal semi-thin sections of the sponge ectosome
and the protuberances on the Wrst developmental stage of buds
(a, b). c SEM micrograph of the nipple-like protuberances on
second stage of bud development. d Perpendicular section of

protuberance on second stage of budding. Cc choanocyte cham-
bers, Enp endopinacoderm, Exc exhalant canal, Exp exopinaco-
derm, Ic inhalant canal, M mesohyl, Mt maternal tissues, Pt
protuberances, Vc vacuolar cells. Scale bars a 200 �m, b 200 �m,
c 25 �m, d 40 �m
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sponge their diameters are 35-62.5-90 �m (O. lobularis)
and 40-57.5-75 �m (O. tuberculata) (Fig. 5a–c). These
chambers open into the central cavity directly, without
an aphodus, but there is an apopyle surrounded by
apopylar cells, which are characteristic of Homosclero-
morpha (Fig. 5b–d). The proportion of mesohyl/cho-
anocyte chambers in the buds is the same as in the
peripheral zone of parental sponge but diVers from
that in internal sponge parts (Table 1).

Cells composition of buds is identical, quantitatively
and qualitatively, to that in the upper parts of the adult
sponge (Table 2). There are exopinacocytes, endopina-
cocytes, choanocytes, apopylar cells archaeocytes, vac-
uolar cells (type I and II in O. lobularis), as well as
symbiotic bacteria (Fig. 5b, c).

During budding, we did not observe cell proliferation
or transdiVerentiation either in the budding zone or in
any special mitotically active region. After formation,
the buds detach from the parental sponge (Fig. 4c, d).

Since their buoyancy is about zero, the buds can
Xoat for several days in the water column. Small exter-
nal conical outgrowths facilitate attachment to the sub-
strate. Under laboratory conditions, the attached buds
develop into small sponges in 4–10 days. During this
time external outgrowths disappear and oscular tube is
formed. An attached bud is similar to rhagon develop-
ing after cinctoblastula larva metamorphosis, i.e. it has
the syconoid organization.

Discussion

All morphogenesis in Metazoa can be divided into two
types: epithelial and mesenchymal ones (Gilbert 2000).
Morphogenetic movements of cells united with their
neighbors in an epithelium are epithelial morphogene-
sis. Morphogenetic movements of autonomous cells
unconstrained by neighbors are mesenchymal morpho-
genesis. Morphogenetic patterns vary widely, but
always involve combinations of the same types of
movements (Gilbert 2000; Keller et al. 2003).

Many sponges from all classes have been shown to
produce external buds that separate from the parent
sponge: Calcarea: Sycon, Clathrina (Connes 1964;
Johnson 1978); Demospongiae: Tethya aurantium, T.
citrina, Polymastia, (Merejkowsky 1879, Connes 1967;
Battershill and Bergquist 1990; Plotkin and Ereskov-
sky 1997; Gaino et al. 2006), Mycale contarenii (De Vos
1965; Corriero et al. 1998), Axinella damicornis
(Boury-Esnault 1970), Radiospongilla cerebellata (Sal-
ler 1990), Cinachyra australiensis (Chen et al. 1997);
Hexactinellida: Lophocalyx philippensis (Schulze
1887).

Fig. 4 The third stage of bud development (a, b). a SEM micro-
graph of the bud of O. lobularis with small external outgrowths
(O). b SEM micrograph of external outgrowth (O) in O. lobularis
bud. Floating buds of O. tuberculata (c) and O. lobularis (d). Bw
bud wall, Cc choanocyte chamber, F Xagellum, O outgrowth, Vc
vacuolar cells. Scale bars a 170 �m, b 40 �m, c 300 �m, d 300 �m
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A general feature of budding in all the sponges inves-
tigated is migration of polypotent cells and some diVer-
entiated ones from internal parts of the parental sponge
to the ectosomal region, formation of ectosomal cells
aggregate, and development of a more or less dense bud

(Connes 1964, 1968; De Vos 1965; Boury-Esnault 1970;
Saller 1990; Corriero et al. 1998; Gaino et al. 2006).

Therefore, in all known cases budding occurs by
mesenchymal morphogenesis. It is based on polypotent
(e.g. archeocytes) cells migration, with their subse-
quent diVerentiation into adult cells. The buds of all
sponges except Radiospongilla cerebellata and Mycale
contarenii (Saller 1990; Corriero et al. 1998) are char-
acterized by parenchymal organization, i.e. they have
no elements of aquiferous system (choanocyte cham-
bers or canals). The polypotent archaeocytes are the
dominant cell type in the buds. Aquiferous system
development, proliferation, diVerentiation and growth
begin only after buds have attached to the substrate.

Table 1 The proportion of mesohyl/choanocyte chambers in the
buds and in diVerent parts of parental sponge (in �m2)

Region Oscarella
lobularis

Oscarella
tuberculata

Bud 0.3:1 0.65:1
Adult periphery 0.3:1 0.6:1
Adult choanosome 0.5:1 0.5:1

Fig. 5 Bud of Oscarella lobularis. a semi-thin section of Xoating
bud. b semi-thin section of the bud’s wall. c SEM micrograph of
the bud’s wall. d SEM micrograph of internal part of the bud with
an apopyle (Ap) surrounding by the apopylar cells (Ac). Cc cho-

anocyte chamber, Enp endopinacocytes, Exp exopinacocytes, F
Xagellum, Ic inchalant canal, Inc internal cavity, Vc vacuolar cells.
Scale bars a 200 �m, b 40 �m, c 15 �m, d 6 �m
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Development of buds in Oscarella has profound
diVerences from that in other sponges. Budding in
Oscarella does not involve migration of cells from mes-
ohyl and their integration into the forming bud. We
also did not observe any mitotically active zone around
the bud or divisions of the bud cells. Bud development
in Oscarella is based on epithelial morphogenesis, i.e.
the forming bud is simply an extention of the parental
sponge’s body wall. This idea is supported by both the
cell composition of the bud and the characteristic pro-
portion of mesohyl/choanocyte chambers (Tables 1, 2).

IntraspeciWc comparative analysis on the budding
revealed that there are no signiWcant diVerences in the
succession of the processes, morphogenesis, cell com-
position and general morphology in two investigated
Oscarella species. There are only small diVerences
between the diameter of the protuberances on Wrst
stage and in Xoating buds diameter. In the Wrst case
protuberances of O. tuberculata are larger than in
O. lobularis, and in the second, buds of O. tuberculata
smallest than the O. lobularis (Fig. 4c, d).

Morphogenetically, budding in Oscarella is similar
to morphallaxis during regeneration, because the bud-
ding region transforms completely into a new individ-
ual and the newly formed sponge, despite its small size,
has the same proportions as the adult sponge. Similar
morphallactic morphogenesis is characteristic of pal-
leal, stolonial and vascular budding in Ascidiacea
(Kaweamura and Fujiwara 1995), and is well known in
Hydrozoa (Cnidaria) (Otto and Cambbell 1977; Hof-
mann and Honegger 1990). However, elucidation of
Wne mechanisms of bud morphogenesis in Oscarella
requires special investigations with the use of immuno-
cytochemical methods.

Interestingly, the Wrst stage of budding in Oscarella
tuberculata and O. lobularis is similar to the initiative
external growth in O. lobularis described by Gaino
et al. (1987). However, unlike the latter case, we did
not observe any cell transdiVerentiation.

All principal morphogenesis in Homoscleromorpha
follow the epithelial type. This is true of embryonic
development in egg follicle and wrinkled formation in
blastula (Ereskovsky and Boury-Esnault 2002), of rha-
gon development during metamorphosis (AV Eres-
kovsky et al., in press), of sponge growth starting as

formation of projections derived from the folding of
the exopinacoderm (Gaino et al. 1987), and of external
buds’ development demonstrated here, during asexual
reproduction. It is likely that this epithelial morpho-
genesis is possible owing to the epithelial structure of
the body of homoscleromorph sponges and the pres-
ence of the basement membrane underlying pinaco-
derm and choanoderm (Boury-Esnault et al. 1984,
1995; Boute et al. 1996), as well as to the continuity of
these layers and their common ontogenesis (Ereskov-
sky and Boury-Esnault 2002; Boury-Esnault et al. 2003;
AV Ereskovsky et al., in press) (Fig. 6).

Epithelial folding is a basic morphogenetic process
reiterated throughout embryonic development in
Metazoa. Interactions between epithelial cells and
extracellular matrix play a fundamental role in this
morphogenesis (Morris 1993; Keller et al. 2003).
Therefore, these interactions probably play an impor-
tant role in all morphogenesis of Homoscleromorpha
as well.

To conclude, Homoscleromorpha is a unique sponge
group. Homoscleromorphs can be called “epithelio-
sponges”, since only they, of all sponges, have true epi-
thelial structure and epithelial morphogenesis as the
basic morphogenetic type (Fig. 6).

In previous works (Ereskovsky and Boury-Esnault
2002; Boury-Esnault et al. 2003; Ereskovsky 2004,
2005; AV Ereskovsky et al., in press) we have shown
that embryological, larval and metamorphosis charac-
ters support the monophyly of Homoscleromorpha.
The formation of the coeloblastula by multipolar
egression, the morphogenesis and ultrastructure of
cinctoblastula larvae, the presence of a basement mem-
brane underlying the larval epithelium, and the charac-
teristics of the basal apparatus of the cilium are similar
in all homoscleromorph species investigated so far.
The monophyly of Homoscleromorpha have been
showed according to molecular phylogenies based on
18S and C1, D1, and C2 domains of 28S rRNA, and
also on the basis of large subunit ribosomal DNA
(LSU rDNA), and cytochrome oxidase subunit 1(COI)
sequence data (Borchiellini et al. 2004; Nichols 2005).

Analyses of 18S rRNA sequences cannot support
the monophyly of Demospongiae in the traditional
sense, because Homoscleromorpha do not branch with

Table 2 Cell composition in the bud and in the upper parts of the adult sponge of Oscarella lobularis

Tissue Cells

Exopinacocytes Endopinacocytes Choanocytes Granular cells Vacuolar cells

Adult 26.7 § 4.16 24.1 § 8.3 88.2 § 26.96 9 § 1.8 12.6 § 3.2
Buds 21 § 2.2 10.7 § 1.1 61.7 § 18.16 10.5 § 2.28 11.4 § 2.8
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the remaining demosponges (Borchiellini et al. 2004).
In the present state of phylogenetic resolution, four
poriferan clades have been identiWed: Hexactinellida,
Calcarea, Homoscleromorpha and Demospongiae

(Borchiellini et al. 2004). The relationships between
these four clades and eumetazoans have not yet been
resolved. However, some features of Homoscleromor-
pha—the presence of an epithelium with a basement
membrane in adults inclusive a collagen IV (Boute
et al. 1996; Exposito et al. 2002) and larvae (Boury-
Esnault et al. 2003), the morphogenesis of the epithelia
in adults and the polarity axis conservation between
the larva and the adult (Ereskovsky 2005; Ereskovsky
et al. in press), as well as epithelial morphogenesis dur-
ing metamorphosis and budding—are shared with
Eumetazoa and do not occur in other Porifera.

From an evolutionary point of view, homo-
scleromorphs are clonal animals with the simplest level
of tissue organization in the animal kingdom, but the
same time their epithelium is more developed among
the sponges. Nowadays, molecular data clearly indicate
that sponges and bilaterians share highly conserved
homologies in basic genetic machineries involved in
cell diVerentiation, axis formation and regulation of
development. Future research on genes involved in
regional developmental speciWcation, if in agreement
with the hypothesis that Homoscleromorpha could be
a sister-group of the Eumetazoa (Boury-Esnault et al.
2003; Borchiellini et al. 2004), will make these sponges
a central model for the understanding of the early evo-
lution of developmental mechanisms in Metazoa.
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