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Abstract
The aim of this study was to culture sponge juveniles
from larvae. Starting from larvae we expected to
enhance the survival and growth, and to decrease the
variation in these parameters during the sponge cultures. First, settlement success, morphological changes
during metamorphosis, and survival of Dysidea avara,
Ircinia oros, Hippospongia communis, under the same
culture conditions, were compared. In a second step,
we tested the effects of flow and food on survival and
growth of juveniles from Dysidea avara and Crambe
crambe. Finally, in a third experiment, we monitored
survival and growth of juveniles of D. avara and
C. crambe transplanted to the sea to compare laboratory and field results. The results altogether indicated
that sponge culture from larvae is a promising method
for sponge supply and that laboratory culture under
controlled conditions is preferred over sea cultures in
order to prevent biomass losses during these early life
stages.
Keywords: Crambe crambe — Dysidea avara —
Hippospongia communis — Ircinia oros —
sponge culture

Introduction
Sponges produce secondary metabolites of pharmaceutical interest (Blunt et al., 2005; Sipkema et al.,
2005a). The supply of these bioactive metabolites in
sufficient amounts for preclinical and clinical
assays is an unsolved problem (Fusetani, 2000;
Procksh et al., 2003; Sipkema et al., 2005b). Chemical synthesis is too expensive and wild sponge
collection has a negative impact on the environment and endangers the sustainable use of marine
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resources (according to convention on biological
diversity rules). Sponge cultures have been assayed
since the beginning of the last century (Moore,
1910); more recently, besides mariculture (in situ
sponge culture; Pronzato et al., 1999; Duckworth
and Battershill, 2003; Mendola, 2003), three methods for culturing sponges under controlled conditions have been used: explant culture (Osinga et al.,
2001; de Caralt et al., 2003; Hoffmann et al., 2003;
Nickel and Brümmer, 2003), primmorphs (Müller et
al., 1999; Zhang et al., 2003), and cells (Pomponi and
Willoughby, 1994; Sipkema et al., 2003; De Rosa et
al., 2003). However, most of these methods have
encountered drawbacks with regard to survival and
contamination (especially cell cultures) and/or
growth rates (explants and primmorphs), and more
research is required to make them suitable for
scaling up sponge biomass production.
In explant cultures, we make use of the regenerative capacity of sponges (Simpson, 1984). It has
been shown, however, that explants have very slow
and variable grow rates (Osinga et al., 1999; de
Caralt et al., 2003; Sipkema et al., 2006). The large
variability in growth rates of explants could be due
to the different ages of the sponges from which the
explants were made, because slow and variable
growth has also been reported for adult sponges in
the sea (Turon et al., 1998; Garrabou and Zabala,
2001). To optimize and standardize culture conditions, we need to prevent this variability by
culturing sponges of the same age. However, age
classes cannot be determined for adult sponges
because their size is not necessarily related to their
age. As a consequence, it is difficult to avoid
variation in cultures of explants obtained from
adult individuals.
In vitro cultures of sponges have been developed
from adult individuals. Long-term continuously
proliferating cell cultures have failed so far, and
the maintenance of axenic cell lines (i.e., microbe-
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free) has proved difficult (Rinkevich, 2005). Continuous cell lines require proliferative stem cells. In
adult sponges, the cells closer to stem cells are
archeocytes, which are able to differentiate in
several cell types (e.g., oocytes, sclerocytes, pinacocytes). Some authors have performed cell culture
from archeocyte enriched cell fractions, which
presented active DNA synthesis, but failed to
obtain continuous cell proliferation because of an
early cell death (Pomponi and Willoughby, 1994;
Zhang et al., 2003).
Embryos are a source of totipotent and proliferating cells, and thus embryonic cells could be a good
source from which to start cell culture. However,
only one attempt to culture cells from sponge larvae
has been reported. The results were promising, as
the culture was more resistant to infections by
microorganisms and survived longer than those
from adult cells (Rinkevich et al., 1998).
By culturing sponges from larvae, we attempt to
circumvent the three main constraints that are
commonly found in cultures from adults. First, we
expect higher growth rates during the juvenile
stages of sponges, as this has been reported for
small individuals (Garrabou and Zabala, 2001).
Moreover, variability may be reduced, because
culturing larvae warrants the same age for all the
individuals (cohorts) and a similar behavior under
culture. Second, larval survival in the laboratory is
expected to be higher than at sea because of the
absence of predators and competitors (Uriz et al.,
1996a). Third, larval culture can be a source of more
suitable starting material (embryonic cells) for the
development of cell culture. Consequently, larval
culture offers some advantages with respect to other
assayed methods.
The sponge species for our study were Dysidea
avara, Ircinia oros, Hippospongia communis, and
Crambe crambe, which were selected because of
the interest in the species for pharmaceutical applications and their abundance in the western Mediterranean. They produce several bioactive compounds
with commercial value. D. avara produces avarol
(Uriz et al., 1996b), a sesquiterpenoid antitumor
(Müller et al., 1985) and antiviral compound (Sarin
et al., 1987) that is a potent in vitro inhibitor of HIV-1
reverse transcriptase. (Loya and Hizi, 1990). I. oros
produces a cyclic sesterpenoid (Cimino et al., 1972)
with anti-inflammatory properties. H. communis has
antifungal activity because of the production of
untenospongin B (Rifai et al., 2004). Finally, C. crambe
produces crambines and crambescidins, which are
derivatives of a pentacyclic guanidine with anticancer and antiviral activities (Jares-Erijman et al., 1991;
Balconi et al., 1995).

The general objective of this study was to
culture sponges from larvae, which was never done
before, in order to try to improve biomass supply for
biotechnological purposes. The study was performed in the laboratory under several food and
flow conditions, and at sea. Three experiments with
different goals were conducted. The aim of the first
experiment was to select the most adequate species
for culturing among Dysidea avara, Ircinia oros,
and Hippospongia communis. In this experiment,
settling, metamorphosis, and juvenile survival in
the laboratory were monitored. In the second
experiment, we assayed larval culture of D. avara,
the most successful species in the previous experiment, and C. crambe, already reported to have high
survival (Uriz et al., 1998) under different environmental conditions. Finally, a third experiment was
addressed to compare juvenile survival and growth
of settlers of both species (D. avara and C. crambe)
after transplanting them to the sea.

Materials and Methods
Collection, Maintenance of Sponge Larvae, and
Experimental Procedures For the first experiment,
ripe individuals of I. oros, H. communis, and D. avara
were collected from l_Escala (western Mediterranean
Sea) and transferred to an open aquarium system
(CMIMA-CSIC, Barcelona, Spain) at the beginning of
June of 2003. I. oros and H. communis released larvae
in mid-July, and D. avara released at the end of July
(similar periods to those previously reported in
sponges at sea; Mariani et al., 2005).
Swimming larvae of I. oros (N=224), H. communis
(N=30), and D. avara (N=230) were collected with a
pipette and transferred to six-multiwell dishes, which
were placed in aquaria filled with filtered (0.7 mm pore
diameter) seawater at field temperature (20-C). After
24 h, the larvae started to settle spontaneously on the
six-multiwell dish bottom and metamorphosed into
juveniles after 5 to 7 days. We monitored settlement
success, morphological changes, and survival of settlers
in time.
For the second experiment, we selected D. avara,
the most successful species in the previous experiment, and C. crambe, already reported to have high
survival (Uriz et al., 1998).
Larvae of D. avara were taken after release from
ripe sponges maintained in the open system aquarium (CMIMA) in July 2004, as in the previous
experiment. Conversely, larvae of C. crambe were
obtained by carefully tearing ripe individuals (Uriz
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Figure 1. (A) Larva of D. avara. (B) Larva of C. crambe. (C) D. avara juvenile after 2 days from settlement. Arrowheads,
choanocyte chambers; gm, growth marginal layer-the white points correspond to cells. (D) C. crambe juveniles after 2
days from settlement. gm, Growth marginal layer.

et al., 1998) collected from the sea (Blanes, western
Mediterranean). Larvae were placed in aquaria filled
with filtered (0.7 mm pore diameter) seawater at field
temperature (20-C). The aquaria bottom was covered by plastic (118 cm) sheets where larvae
settled spontaneously. After settlement, juveniles
of C. crambe (N=50) and D. avara (N=30) were
submitted to the experimental conditions, in aquaria of Wageningen University (Sipkema et al., 2006).
The variables measured were survival and growth.
Flow treatment consisted of unidirectional, constant flow of 5 cm/s, measured daily with a flowmeter (2031 H Series), and was compared against static
condition. In this experiment living algae was used
as a food.
Food treatment consisted in feeding the juveniles
with 5 10 5 cells/ml of living algae versus feeding the
juveniles with dried algae (equivalent carbon content). The alga used, as a source of food, was
Phaeodactylum tricornutum (proven suitable in
previous studies, Osinga et al., 2003; Sipkema et al.,
2006). This treatment was conducted under the
above-mentioned flow conditions.
The third experiment was also conducted on
D. avara (N=164) and C. crambe (N=175). Larvae
were released from ripe sponges (July 2005), settled on
rigid plastic plates in the laboratory, and 1 week later

transferred to the sea (western Mediterranean). Survival and growth were monitored as a function of time.
Morphology, Survival and Growth Rate
Measurements Morphological features, during
metamorphosis and juvenile stages, were observed
through a stereomicroscope. Survival and growth
rates were monitored every 15 days by taking
pictures through a stereomicroscope (in the
laboratory) and with an underwater camera (in the
field). Image analysis was performed to quantify
increases in area of juveniles via NIH Image (public
domain) software.
In the first experiment, settlement success was
calculated as the percentage of larvae attached to
the substratum after 1 week with respect the total
number of swimming larvae.
Survival of juveniles was assessed in the three
experiments as the percentage of juveniles that were
alive on a given day. Death of juveniles was made
evident by changes in colour, shape, and size (i.e.,
paler colour, rounder shape, and small size) ending
in sponge disaggregation. To compare two survival
curves, we used the Gehan_s Wilcoxon test statistics. For comparing more than two survival curves,
we used the analysis Comparing Survival in Multiple Groups (Statistica software).
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Figure 2. (A) D. avara, 1-week-old juveniles. Black arrowheads, few choanocyte chambers; white arrowhead, exhalant
tube. (B) D. avara, 15-day-old juvenile. Black arrowhead, skeletal fiber; white arrowhead, exhalant tube. (C) D. avara, 1month-old juveniles. f, Skeletal fibers; black arrowhead, canals; white arrowheads, exhalant tubes. (D) C. crambe, 15day-old juveniles. Arrowheads, two exhalant tubes.

Figure 3. Settlement success of larvae of D. avara, H. communis. and I. oros under the same laboratory conditions
(filtered seawater at 20-C under static conditions).
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Figure 4. Survival of D. avara, I. oros, and H. communis juveniles with time under the same laboratory conditions
(filtered seawater at 20-C under static conditions).

Growth rates were derived from changes in the
sponge area with time (i.e., 15 days) by the equation:

GR t ¼ ððA t  A t1 Þ=A t1 =t Þ
Where At and At–1 are the sponge areas at time t
and at time t–1, respectively (Turon et al., 1998;
Garrabou and Zabala, 2001; Mariani et al., 2000).
The changes in surface area are an acceptable
estimation of growth when organisms mainly grow
in two dimensions, as encrusting sponges do (Turon

et al., 1998). Although the method did not take into
account increases in thickness and thus the measured growth rates could underestimate true
growth, the method was suitable here because
juveniles were relatively flat and the measures
obtained were used only for comparative purposes.
Differences in growth rates between treatments
and species were analyzed statistically using a
nonparametric version of the repeated-measures
analysis of variance (ANOVAR). This method was

Figure 5. (A) Lateral view of a juvenile D. avara showing its thickness. (B) D. avara juvenile allowed growing only in two
dimensions (sandwich culture).
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Figure 6. Survival of D. avara and C. crambe juveniles with time under flow versus no-flow conditions; juveniles were
fed with living algae. D. avara survival under no-flow conditions showed the significantly lowest survival (PG0.001).

used because data did not meet the circularity
assumption (Mauchly_s sphericity test) required for
parametric ANOVAR (Potvin et al., 1990; Von Ende,
1993). It is based on a permutation test by means of
a two-level randomisation method (Manly, 1991;
Turon et al., 1998). The whole series of data was
randomized 4999 times (plus the observed one) to
approximate the null hypothesis distribution of the
sum of squares for each factor and their interaction,
and then we examined how extreme were the
observed values in this distribution. An effect was
judged significant when the observed sum of
squares was exceeded by less than 5% of the
corresponding values in the randomization series.
A modified version on the Turbopascal program
used by Turon et al. (1998) was applied to perform
the permutation tests.
Differences in growth rates on juveniles fed
with either living or dried algae at the last point
time of the culture were analyzed by a two-way
ANOVA. Data normality and homogeneity were
determined by a Kolmogorov-Smirnov test and the
Levene_s test, respectively.

To compare the extent of variation in growth
rates in adult individuals (Literature data) and in
larvae cultures, the variation coefficients were
calculated as a (standard error/ mean)100.

Results and Discussion
Larval Collection and Morphological Changes
at Settling Sponge larvae were obtained in the
laboratory from ripe sponges: 224 larvae from I. oros,
30 from H. communis, and 424 from D. avara, and
325 from C. crambe. This method is the most
effective to obtain sufficient larvae for reproducible
experiments (i.e., enough replicates per treatment).
Alternative methods such as collecting sponge larvae
from the field are more complex because of the
relatively short period of larval release and the fast
larval dilution once released (Mariani et al., 2005). In
addition, there are few studies about the period of
larval release, which is species-specific and may vary
depending on the geographical location (water
temperature, hydrodynamism).
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Figure 7. Survival of D. avara and C. crambe juveniles with time fed with living algae versus dried algae; juveniles were
under flow conditions. No significant differences were observed.

The larvae of Hippospongia communis, Ircinia
oros, Dysidea avara (Figure 1A) and Crambe crambe
(Figure 1B) are parenchymella that consist of a
pseudostratified layer of flagellated cells surrounding
an internal mass of cells (Boury-Esnault and Rützler,
1997). Larvae swam during a variable but short period
(from 3 to 7 days in the laboratory) before settling.
Usually, D. avara and C. crambe larvae settled sooner
than H. communis and I. oros larvae. Larvae of the
four species attached to the substrate through their
posterior pole and became hemispherical. Settled
larvae flattened as the cells spread on the substrate
(growth marginal layer) and initiated metamorphosis.
During metamorphosis, the few cell types present in
the larva differentiated into several adult cell types
(Amano and Hori, 1996, 2001) and rearranged to
develop the aquiferous system. Settled larvae completed metamorphosis in about 1 week and a prominent exhalant tube was formed. From then on,
juvenile sponges were able to filter water and feed.
Nevertheless, settlers of H. communis and I. oros did
not show conspicuous inhalant/exhalant orifices

even through light microscope. At this state, most
juveniles of the two species died before forming the
skeletal fibers.
Most juveniles of D. avara and C. crambe
survived, allowing morphological changes to be
monitored. Two days after settlement a monolayered pseudoepithelium (growth marginal layer) was
visible through the stereomicroscope (Figure 1C, D).
In the case of D. avara, 1-week-old juveniles already
showed from 20 to 80 choanocyte chambers and a
long exhalant tube (Figure 2A). These early juveniles
are called rhagons. Fifteen days after settlement,
some structural elements were formed: rudiments of
spongin fibers in D. avara (Figure 2B, C) and
spicules and collagen in C. crambe. Choanocyte
chambers increased in number and were densely
packed. In that stage, sponge juveniles grew mainly
in height. One month after settlement, the choanocyte chambers are connected to a complex network
of inhalant and exhalant canals. The completely
organized exhalant canals flow into a cloacal exhalant tube that ends in an osculum (Figure 2C). In
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Figure 8. Time course of the growth rate of D. avara (N=30) and C. crambe (N=50) juveniles, under flow versus no-flow
conditions; juveniles were fed with living algae. Vertical lines are standard errors.

some of these juveniles with more than 200
choanocyte chambers, more than one exhalant tube
was present (Figure 2C, D).
Settlement Success, Survival and Growth Rates
of Juveniles

1. Species Comparison In the ﬁrst experiment, differences in settlement success and survival were found
among H. communis, I. oros, and D. avara. The
three species presented a high settlement success:
66.6% in H. communis, 99.5% in D. avara, and
94.5% in I. oros (Figure 3). The different percentage
of settlers for the three species under the same
laboratory conditions suggests that success in settlement may depend on species-speciﬁc environmental
requirements and/or particular larval characteristics.
Although general acceptable conditions have been
found in our cultures since the settlement rates
obtained appeared to be higher than those at sea
(Uriz et al., 1998), optimal culture conditions should
be species speciﬁc. The high settlement success
obtained in the laboratory may be due to the
extremely favorable conditions that larvae encoun-

tered there for settlement (i.e., still water and no
substrate competition). At sea, larvae do not settle
immediately but are transported by currents and
must swim until they ﬁnd appropriate conditions
(Kaye and Reiswig, 1991; Uriz et al., 1998). During
the swimming period, larvae are spending their
reserves, which may become depleted before settling.
Depletion of reserves in early life stages may
strongly affect the success in the next stages. It has
been reported for other invertebrates that adults
perform worse when they originate from settlers
with lower energy contents (Marshall and Keough,
2003). It also has been shown for the demosponge
Sigmadocia caerulea that juveniles originating
from larvae that settled fast survived better, grew
faster, and were more regular in shape than those
originating from long living larvae (Maldonado and
Young, 1999).
Survival of juveniles with time was signiﬁcantly
different among the three species (PG0.05, Comparing
Survival in Multiple Groups) (Figure 4). D. avara
was the species with the highest percentage of
survivors (PG0.05 in both comparisons) throughout
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Figure 9. Time course of the growth rate of D. avara (N=30) and C. crambe (N=50) juveniles, fed with living versus dried
algae; juveniles were under flow conditions. Vertical lines are standard errors.

the experiment. Survival in this species ranged from
100% (at day 5) to ca. 80% (at day 80), reaching
62% at the end of the experiment (after 3 months).
There were no signiﬁcant differences (P=0.8943
Gehan_s Wilcoxon Test) between H. communis
and I. oros. Only 15% of H. communis juveniles
survived at the end of the experiment, and no
survivors of I. oros occurred after day 50, despite
settlement success was high (see earlier).
In the three species, a maximum increase in area took
place at the beginning of the culture: at week 1 in D.
avara and at week 2 in H. communis and I. oros.
This maximum increase in area did not represent true
growth but corresponded to biomass redistribution
due to the reorganization processes involved in
metamorphosis. After metamorphosis, juveniles displayed sequential phases of growth: ﬁrst they increased in area by extending the marginal growth
layer and then they formed structural elements, grew
in thickness, and decreased in area. Some juveniles
that could not grow in thickness due to a physical
barrier (sandwich culture) grew exclusively in area
(Figure 5), achieving the largest size. Thus, as stated in

the methods section, we were aware that the measured
growth underestimated real growth but was considered accurate enough for comparative purposes.
Taken into account settlement success and survival rates
measured during the experiment, we selected D. avara
among the three species studied, as a model for the next
experiment in which different environmental conditions
were assayed. C. crambe was selected as a second
species because juveniles have been reported to show
high survival rates in a previous study (Uriz et al.,
1998).

2. Comparison of Culture Conditions In a second
experiment, we tested the effects of water ﬂow and
food type (living versus dried algae) on the survival
and growth of juveniles of D. avara and C. crambe.
Survival of both species was high in all treatments
(between 80% and 100%) except for D. avara under
no-ﬂow conditions, which showed a signiﬁcantly
lower survival (32%) (PG0.001 Comparing Survival
in Multiple Groups; Figures 6 and 7).
As for growth rates, no signiﬁcant differences
(P=0.504) were observed between settlers of D. avara
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cultured under ﬂow and no-ﬂow, but the interaction
term (timetreatment) was signiﬁcant (PG0.001), indicating that the trends changed with time. Conversely,
C. crambe showed a signiﬁcantly higher growth rate
under ﬂow conditions (PG0.001) than without ﬂow,
and also the trend varied with time (signiﬁcant
interaction term PG0.001).
Comparing both species, differences were signiﬁcant
under both conditions: C. crambe grew more
(PG0.001) than D. avara under ﬂow, in particular
during the ﬁrst months, and the interaction term
(timetreatment) was also signiﬁcant (PG0.001). In
contrast, D. avara grew more (PG0.001) than
C. crambe under no ﬂow and the trends run in
parallel with time (no signiﬁcant interaction term,
P=0.202; Figure 8).
When the kind of food was tested, no differences
between C. crambe fed with either dried or living
algae were observed (P=0.138). In contrast, a significantly higher growth rate was recorded when
D. avara was fed with dried algae (PG0.001) than with
living algae.
In a comparison of both species, C. crambe showed
higher growth rates (PG0.01) than D. avara when the
sponges were fed with living algae, and the interaction
term was signiﬁcant (PG0.001). In contrast, no differ-

ences were found when the food consisted of dried
algae (P=0.334; Figure 9). However, at the last time
point of monitoring (after 2 months), differences in
growth rates were signiﬁcantly higher for both species
fed with dried algae (two-way ANOVA, PG0.01).
The results found altogether reﬂect the particular
characteristics of each species. C. crambe has a
conservative life strategy with slow growth, lower
clearance rates (Turon et al., 1997), and lower volume
of choanocyte chambers (Uriz et al., 1995; Galera et
al., 2000) than D. avara, which makes the former
species less able to capture food under adverse
conditions (i.e., lack of ﬂow). Conversely, D. avara
has an opportunistic life strategy with higher growth
and clearance rates than C. crambe and also has a
strong ﬁltering activity (Ribes et al., 1999); thus it is
able to capture food from the water even under noﬂow conditions (lower particles availability). These
differential capabilities may explain why C. crambe
grew more under ﬂow conditions that can enhance the
low sponge capacity for pumping water and facilitate
the availability of food to the sponge.
On the other hand, D. avara has been reported to be a
dynamic species with a fast metabolism (Turon et al.,
1997) and thus it seems to need relatively high amounts
of food for survival. Dried algae were more effective

Figure 10. Survival of D. avara and C. crambe juveniles with time at sea.
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SòNIA

DE

CARALT

ET AL.:

SPONGE LARVAL CULTURE

Figure 11. Survival comparison of D. avara and C. crambe juveniles with time under the best laboratory conditions (with
flow and fed with dried algae), and in the field.

than living algae to feed sponges likely because dried
algae consisted of broken cells with a smaller particle size
than intact algal cells (from 4 to 8 mm, P. tricornutum).
In previous studies, the highest clearance rates were
obtained with 1 mm particle size for D. avara and
C. crambe, while larger particles (4 mm) were retained
with less efﬁciency (Turon et al., 1997). However,
although the size of the algae used can enter the sponge
ostia in both species (ostia diameter is 11.4T1.2 mm in
C. crambe and 30.8T2.2 mm in D. avara, Galera et al.
2000), they may not enter through the smaller oriﬁce
(prosopyle) connecting inhalant canals and choanocyte
chambers (de Vos et al., 1991), which may complicate
algae capture.
If we consider the last observation time (see Figure 9),
we can conclude that the two types of food determined
the ﬁnal growth rate for both species. The dry algae
appeared to be signiﬁcantly more effective as a food
source than the living algae, probably due to a higher
retention rate of the sponge for the dry algae.

3. Juvenile Survival and Growth in the Field In a
third experiment, juveniles of D. avara and C. crambe
settled in the laboratory were transferred to the sea in

order to monitor survival and growth under natural
conditions.
Juveniles of C. crambe had a signiﬁcantly higher
survival than those of D. avara (PG0.001, Gehan_s
Wilcoxon test). During the ﬁrst 20 days of the
monitoring, both species experienced a high mortality
(about 60%) and from then on, differences between
species became evident: all the D. avara juveniles died
after day 60 whereas 24% of C. crambe juveniles
survived at that day. Moreover, 20% of C. crambe
juveniles survived until day 136 (Figure 10). The higher
mortality of D. avara juveniles in the ﬁeld may be due
to a higher palatability and a more fragile consistency
of this species with respect to C. crambe (Uriz et al.,
1996a).
Juveniles cultured in the ﬁeld survived signiﬁcantly less
than juveniles cultured in the laboratory (previous
experiment) for the two species (Figure 11) (PG0.001
Comparing Survival in Multiple Groups). In natural
conditions, a high mortality is frequently reported for
juvenile stages of sponges because of predation,
competition for the substrate with other benthic
organisms (Uriz et al., 1996a), and physical perturbations. All these drawbacks can be avoided by culturing
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Figure 12. Comparison of growth rates of D. avara (N=30) and C. crambe (N=50) juveniles under the best laboratory
conditions (with flow and fed with dried algae), and in the field (D. avara N=164, and C. crambe N=175). Vertical lines are
standard errors.

larvae in the laboratory, and, thus, culture of juveniles
under controlled conditions are recommended for
avoiding biomass losses at these early stages.
Growth rates at sea were not signiﬁcantly different
between species (Figure 12) (P=0.101, and interaction
term P=0.235). D. avara, growth rates at sea were
similar (P=0.294) to those in the laboratory fed with
dried algae. However, under less favorable conditions,
juveniles grown in the laboratory grew signiﬁcantly less
that those at sea (PG0.001). In contrast, C. crambe
juveniles grew signiﬁcantly more (PG0.01) at sea than in
the laboratory regardless of the experimental conditions (Figure 12).
In the ﬁeld site where juveniles were placed, C. crambe
is much more abundant than D. avara, which may
indicate better environmental conditions for the former
species to grow. Further, settlers of D. avara appeared
to be more fragile than those of C. crambe and thus
unable to resist physical perturbations. Predation can
also contribute to the differential mortality of both
species since D. avara has been reported to be grazed
by sea urchins (Uriz et al., 1996a), whereas no

predators are known for C. crambe. Further, growth
did not differ between juveniles cultured in the
laboratory and those transplanted to the sea. Conversely, survival was enormously higher in the
laboratory.
Comparing growth rates of juveniles of both species
in the laboratory under the best conditions (ﬂow and
dried algae as a food) with those of adult individuals
monitored during ca. 4 years in the ﬁeld (Turon et al.,
1998, 2000): D. avara juveniles presented higher
growth rates in our cultures (average 0.44T0.22 per
month) than adults did in the ﬁeld (average 0.03T0.01
per month, Turon et al., 1998). Similarly, considerable differences in growth rates were observed between
juveniles (0.46T0.2 per month) and adults of C. crambe
(average 0.1T0.02 per month, Turon et al., 1998). In
contrast, growth variability was higher in juveniles
(this study) than in adult sponges for both species. The
variation coefﬁcient for larval growth obtained from
this study was 66.6% and 48.9% for D. avara and
C. crambe juveniles respectively, while it was 33.3%
and 20% for D. avara and C. crambe adults,
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respectively (Turon et al., 2000). These data reﬂect the
inherent growth variability in sponges since, even
eliminating the age factor, the level of variation is
high. However, the comparison between juveniles and
adults must be taken with care because the phases of
growth in thickness in our juveniles were associated
with a decrease in area (see earlier), which inevitably
was incorporated in our growth data, contributing to
the variability recorded.
Altogether, these results point to sponge larvae as a
promising source for the sponge/metabolite supply,
because the culture is performed during the period of
maximum sponge growth and thus the culture yield
can be optimized. The study has also provided
interesting information about biological aspects on
the sponge life cycle, helping to ﬁll the gap in the
literature about juvenile stages, which are difﬁcult to
follow in the ﬁeld because of their small size.
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Nickel M, Brümmer F (2003) In vitro sponge fragment
culture of Chondrosia reniformis (Nardo, 1847). J Biotechnol 100, 147–159
Osinga R, de Beukelaer PB, Meijer EM, Tramper J, Wijffels
RH (1999) Growth of the sponge Pseudosuberites (aff)
andrewsi in a closed system. J Biotechnol 70, 155–161
Osinga R, Kleijn R, Groenendijk E, Niesink P, Tramper J,
Wijffels R (2001) Development of in vivo sponges
cultures: particle feeding by the tropical sponge Pseudosuberites aff andrewsi. Mar Biotechnol 6, 544–554
Osinga R, Belarbi EH, Molina Grima E, Tramper J, Wijffels
RH (2003) Progress towards a controlled culture of the
marine sponge Pseudosuberites andrewsi in a bioreactor. J Biotechnol 100, 141–146
Pomponi SA, Willoughby R (1994) BSponge cell culture for
the production of bioactive metabolites^. In: Sponges
in Time and Space, van Soest R, van Kempen TMG,
Braekman JC, eds. (Rotterdam: A Balkema) pp 395–400
Potvin C, Lechowicz MJ, Tardif S (1990) The statistical
analysis of ecophysiological response curves obtained
from experiments involving repeated measures. Ecology
71, 1389–1400
Procksh P, Edrada-Ebel RA, Ebel R (2003) Drugs from the
sea-opportunities and obstacles. Mar Drugs 1, 5–17
Pronzato R, Bavestrello G, Cerrano C, Magnino G,
Manconi R, Pantelis J, Sarà A, Sidri M (1999) Sponge
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