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Abstract: The development of sponges (Porifera) in ex situ cultivation systems is essential to the progress of researches on 
pharmacology, biomaterials, biomonitoring and conservation. The aim of this study was to provide a long-term 
ex situ cultivation condition to obtain a representative sponge biomass growth. Among the four species of marine 
sponges tested, only Haliclona sp. showed an initial growth. The Haliclona sp. was cultivated in a non-axenic ex 
situ cultivation system for 14 months. An eutrophic tropical environment was reproduced in an aquarium system. 
In the growth aquarium, a high biomass of interstitial invertebrates, anemones, macro-algae and bacterioplankton 
was observed. The orthophosphate represented 93.2% of the phosphate form in the growth aquarium and the 
nitrate was the predominant form of nitrogen, amounting to 68.2%. Nitrate concentration was about 4-fold higher 
than that of the sampling station, which can be attributed to high nutrient supply and poor denitrification process. 
Sponge feeding procedures showed an increase of bacterioplankton density during the water resuspension event 
with a maximum value of 0.86 × 106 cells mL-1, whereas in the non-blowing situation the density was 0.38 × 
106 cells mL-1. Growing morphological structures like the osculum and finger-like branching were observed in 
the explant of Haliclona sp. during the growth experiment. During the 14 months of this experiment, the sponge 
showed a continuous growth rate of 54.8% when compared to the initial area of the explant. This study could 
provide new insights into the cultivation process of marine sponge in laboratory in order to obtain a representative 
biomass growth to support experimental designs, as well as to other potential applications.
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Introduction
The interest in sponge (phylum Porifera) cultivation 

has increased significantly during the last few decades 
(Duckworth,2009), mainly because sponges have become 
an important substrate in biomaterials research (Muller et al. 
2009) and an important source of bioactive compounds with 
pharmaceutical potential (Munro et al. 1999; Osinga et al. 1999; 
Pomponi, 1999; Rinkevich, 1999; Sipkema et al. 2005; Koopmans 
et al. 2009; Schiefenhovel & Kunzmann 2012). The majority of 
promising compounds from sponges have complex structures, thus 
limiting the viability of synthetic production of the compounds 
(Sipkema et al. 2005). Moreover, these bioactive compounds 
are generally present in low concentrations (Unson et al. 1994). 
This scarcity creates a supply problem, which is a major barrier 
to the production and use of bioactive compounds from sponges 
(Belarbi et al. 2003).

Ex situ sponge cultivation could solve the supply problem, but 
carrying out this method remains a challenging task (Duckworth, 
2009). The difficulty of achieving long-term sponge biomass 
growth with constant suitable water quality hampers the use 
of a high number of replicates of marine sponges in laboratory 
conditions (Osinga et al. 2001; Belarbi et al. 2003; Osinga et al. 
2003; Sipkema et al. 2005; Hausmann et al. 2006; Sipkema et al. 
2006; Klöppel et al. 2008; Xue & Zhang, 2009).

The complex sponge physiology seems to be the main 
cause for the unsuccessful cultivation. A balanced system with 
abundance of nutrients, without the accumulation of toxic waste 
and the right balance of quantitative and qualitative consortium 
of microorganisms, is difficult to reach in controlled and semi-
controlled cultivation.

The aquarium system previously used achieved high initial 
growth but stabilized after a few weeks. However, a more 
controlled biotechnological cultivation of sponges is expected to 
substantially increase growth rates, even compared to growth in 
natural environments.

In the present study, the cultivation of the sponges 
Desmapsamma anchorata, Amphimedon viridis, Aplysina fulva, 
Hymeniacidon heliophila and Haliclona sp. was performed in a 
non-axenic ex situ system with the monitoring of the biotic and 
abiotic parameters. The aim of this study was to provide a long-
term cultivation condition, at least one of the species tested, to 
obtain a representative sponge biomass growth with potential to 
support experimental designs.

Materials and Methods
Growth aquarium conditions
The sponge cultivation was performed in a 170-l glass 

aquarium which was connected to 40-l water filtration systems, 
and both were filled with natural seawater collected at Angra dos 
Reis, Rio de Janeiro, Brazil. The filter system was assembled with 
15-l porous ceramics seeded with microorganisms (Stress zyme, 
Aquarium pharmaceuticals Inc., USA), a skimmer (Morato, Brazil) 
and a water-return pump (Sarlo better200, Brazil) operating at a 

flow of 1950 L h-1. The aquarium was equipped with one water-
flow pump of 400/1080 L h-1 (Sarlo Better mini, Brazil). Moreover, 
this system also contained an automated salinity-regulation device 
which consisted of a level float and a water pump that supplied the 
aquarium with distilled water.

The total sediment substrate had a height of 6.5 cm and 
contained a mix of 70% aragonite and 30% thin white beach sand 
with 2 cm laid over an anaerobic compartment. The lighting was 
uninterrupted (without day/night simulation) being performed by 
a system of one 110 w UV-protected halogen metal-halide lamp 
(Aquastar, Germany), two 30 w cold lamps enriched in blue wave 
(Marine Glo, Japan) and one 15 w cold lamp (Aquastar, Germany). 
The water temperature was regulated by the room temperature, 
which was kept constant at 18°C.

Collecting sponges and other marine organisms
The marine organisms were collected in Angra dos Reis, Rio 

de Janeiro, Brazil during March-June of 2008. Transportation to 
the laboratory lasted for 4 hr, during which time they were kept 
in abundant seawater, before being transferred to the growth 
aquarium. Initially, small fragments of rocks encrusted with 
microorganisms, invertebrates and algae (about 5 cm) were 
progressively introduced into the growth aquarium until its 
conditions stabilized (after three months). The growth aquarium 
was assumed to be stabilized when a massive flora and fauna was 
living healthily and without detectable fluctuations of ammonium, 
nitrite and nitrate concentrations.

After this step, sets of rock substrate attached with 
Desmapsamma anchorata, Amphimedon viridis, Aplysina fulva 
and Haliclona sp. (about 3.5 cm) were progressively introduced 
into the growth aquarium. This procedure was repeated several 
times until at least one of the species achieved constant growth.

Water quality monitoring
During the 14 months of sponge growth experiment no 

substantial amount of artificial seawater was replaced in the 
aquarium. During the stabilization period, ammonia, nitrite, 
nitrate, temperature, salinity and pH parameters were monitored 
daily, before the feeding processes, using commercial colorimetric 
kits (Nutrafin-Hagen, Tetratest, Merck, Germany), a mercury 
thermometer of 0.1ºC resolution, a portable refractometer 
(Master-53T, Atago, USA) and a digital pH meter (HPM-102, 
Homis, Brazil), respectively. After the stabilization period, these 
parameters were monitored weekly. Moreover, during the last three 
months of recorded sponge growth, a more accurate analysis of 
water quality, in which important set of parameters were included, 
was performed in accordance with standard of oceanographic 
methods (Grasshoff et al. 1999).

The chlorophyll a analyses were performed after vacuum 
filtration (<25 cm Hg) on 0.45 µm cellulose membrane filters 
(HAWP, MF-Millipore, USA). The extracted material was kept 
overnight in 90% acetone at 4°C and analyzed with a UV-VIS 
spectrophotometer (Lambda 20, Perkin Elmer, USA). 

The inorganic nutrients were analyzed as follows: i) ammoniacal 
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nitrogen by indophenols; ii) nitrite by diazotization; iii) nitrate by 
reduction in a Cd-Cu column followed by diazotization; iv) total 
nitrogen by digestion with potassium persulfate following nitrate-
level determination; v) orthophosphate by reaction with ascorbic 
and molybdic acids; vi) total phosphorous by acid digestion 
following reaction with ascorbic and molybdic acids; vii) silicate 
by reaction with molybdate. The iron level was determined by 
colorimetry using an analytical kit (ref. 21057-69, HACH, USA).

Sponge feeding 
The sponges were fed by two procedures to increase the 

food availability. The first strategy was performed by the daily 
mechanical resuspension of the organic matter accumulated over 
the growth aquarium sediment. The device employed to vortex 
the water was intentionally used to stress the large quantity of 
anemones inside the aquarium, forcing them to expel incompletely 
digested food, digestive mucous and microorganisms. The second 
feeding strategy was performed by disabling the water pumps and 
covering the sponges with fish-food flakes (Tetracolor Tropical 
Flakes, Tetra, Germany) for 4 hours. Posteriorly, the flakes were 
removed from the sponges with blowing water and were then 
consumed by other organisms of the aquarium. The anemones 
were mechanically stressed at this time as well. The amount of 
flakes was varied in accordance with the increasing quantity of 
sponge biomass. When the sponge culture was still small, they 
were actively fed every day with 2 g of fish-food flakes. However, 
when the sponges grew larger, the quantity of fish-food flakes 
used increased significantly to 18 g and the feeding frequency 
was changed to twice a week. The debris at the bottom of the 
aquarium was removed twice during the experiment (14 months). 
The surface sediment was aspirated, discharged and replaced with 
the equivalent volume of new natural seawater and a new sand/
aragonite mixture.

Flora and fauna quantification
Anemones, sea urchins, crabs and gastropods were individually 

counted. The estimation of the macroscopic interstitial fauna 
population was made by the polychaetes and nematodes counting in 
250 mg of sampled sediment. The triaged macroscopic interstitial 
fauna was fixed in Bouin′s solution for 4 h, preserved in 70% 
ethanol and then submitted to a manual counting. The abundance 
of the green macroalgae and the filamentous macroalgae was 
calculated based on the biomass wet weight.

Bacterioplankton abundance
The total bacterioplankton abundance was determined by flow 

cytometry twice after a significant period of growth recording (14 
months). The procedure was performed in accordance with Gasol 
& del Giorgio, and Andrade et al. In brief, prokaryotic nucleic acid 
was stained with 2.5 µmol. l-1 fluorochrome SYTO-13 (Molecular 
Probes, Eugene, USA) and, subsequently, the samples were fixed 
with sterile 2 % paraformaldehyde. The counts were performed 
in a CyAn ADP flow cytometer (Dako, USA) equipped with a 
solid-state laser (488 nm, 25 mW) and filter modifications (green 
FL1 to 510 ± 15 nm and red FL4 to 650 ± 10 nm). The fluorescent 

latex beads (1.58 µm diameter) were systematically added for 
the calibration of the side scatter and green fluorescent signals 
were added also to be used as an internal standard.

Growth record
The sponge growth was estimated based on the sponge’s 

area increment in sequential photos collected monthly at a 
fixed position (Stylus 770 SW, Olympus, Japan), as previously 
described (De Caralt et al. 2003; Hausmann et al. 2006; Xue & 
Zhang, 2009). The sponge areas in each photo were calculated 
using the software ImageJ (Image Processing and Analysis in 
Java, version 1.41).

 Results
Biotic and abiotic characterization of ex situ 

system
The growth aquarium showed six groups of macroinvertebrate 

community representatives. Furthermore, this ex situ system 
supported a high algal biomass (Table 1).

Among the macroinvertebrates found, the polycaetes and 
anemones were most abundant. The family Cirratulidae was 
the most abundant interstitial invertebrate found in the growth 
aquarium followed by Arenicollidae and Anphinomidae. The 
anemones presented themselves distributed across the rock 
substrate of the growth aquarium with predominance of the 
Actiniidae family. The cirratulids specimens were obtained only 
near the upper layer of the aquarium sediment.

During the experiment 600 and 500 g of wet weight of Ulva 
fasciata and Bryopsis corymbosa, were recorded respectively. 
This high algal biomass provided a suitable substrate for the 
occurrence of the amphipoda belonging to the Hyalidae family, 
which was the most numerous among of Crustacean.

In the table 2 the results of the dissolved organic material and 
the inorganic parameters are presented. The values obtained were 
compared with typical aquarium conditions for coral cultivation 
(Atkinson & Crow, 1995) and with the water physico-chemical 
features from an area near the sampling station (Mayer-Pinto & 
Junqueira, 2003). The orthophosphate concentration of the growth 
aquarium water was very similar when compared with the one in the 
area near the sampling station.

The orthophosphate represented 93.2% of the phosphate form 
in the growth aquarium and the nitrate was the predominant form 
of nitrogen, representing 68.2%. The nitrate and phosphate nutrients 
were higher in the growth aquarium when compared with the 
sampling station (table 2). The nitrate was about 4-fold higher than 
the concentration from the sampling station (table 2). The elevated 
nitrate concentration can also be found in a typical coral aquarium 
(Atkinson & Crow, 1995). The elevated concentration of this 
parameter in the closed-systems can be attributed to the high nutrient 
supply and poor denitrification process. Phaeophytin is assumed 
as indicator of chlorophyll degradation because it is chlorophyll 
lacking a central Mg2+ ion. This concentration is higher than the 
chlorophyll, indicating turnover of photosynthetic organisms.
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Sponge feeding approach
To check the increase of bacterioplankton in the growth 

aquarium during the water resuspension event, we carried out 
a bacterial density analysis (n=4) in the blown aquarium 
water after 14 months of growth recording. The experiment 
was performed in the total of 120 minutes where the bacterial 
density showed a maximum median value of 0.86 × 106 cells mL-1 
immediately after the blowing moment (minute 0), and a decrease 
during the experiment time (Figure.1).

After the blowing event, the turbidity of the growth aquarium 
increased and the visibility was less than 10 cm. The density at 
100 minutes presented the lower median value of 0.50 × 106 cells 
mL-1, whereas in the non-blowing situation the density was 0.38 
× 106 cells mL-1. 

Sponge growing records
Four species of marine sponges were tested in the cultivation 

system proposed in this study. All of the tested specimens of 
Desmapsamma anchorata died due to necrosis during the first 
week of adaptation. The samples of Amphimedon viridis and 
Hymeniacidon heliophila either maintained their small biomass 
fragment or lost it progressively until dying during the adaptation 
period. Among the four species tested, only Haliclona sp. fragment 
showed an initial growth with development of the osculum. In 
addition, finger-like branching structure growing in the Haliclona 
sp. were also observed (Figure 2). 

The period required to observe these structures was one month 
after the introduction of rock substrate attached with the sponge's 
fragments.

The growth of the Haliclona sp. explant was recorded five times 
in the fifth, ninth, twelfth and fourteenth months of the experiment 
(Figure 3). The five records presented a decreased time interval 
ranging from five, four, three and two months, respectively.

A continuous growth of the explant was observed during the 
14 months. However, growth rate was not uniform. The highest 
growth rate was 26%, recorded in the first five months. Between 
the fifth and ninth months (four months' interval) an increase 
of 13.3% was recorded. The lowest growth was 1.2%, recorded 
between the ninth and twelfth month (three months' interval). 
However, the last record, with an interval of two months, presented 
an increase of 14.3%. Furthermore, after 14 months of experiment 
the total growth was 54.8% when compared to the initial area 
of the explant (Figure 3). Despite the continuous growth, some 
degeneration and tissue-healing areas were observed between 
the tenth and twelfth months, which can explain a lower growth 
recorded during the experiment.

Discussion
In this study we performed a cultivation of marine sponge 

Figure 1: Bacterioplankton density during 120 minutes after a 
strong water current over the sediment surface. The black squares 
represent the median value (n=4) and the black bars represent the 
standard deviations. NRS=Non-blowing situation.

Organisms Family Value

Polycaetes
Cirratulidae 73.60%

Arenicollidae 21.50%
Anphinomidae 4.90%

Nematodes - 1.2 .cm3*

Anemones
Actiniidae 420**
Aiptasiidae 180**

Sea Urchin Echinometridae 1**
Gastropod - 1**

Crustacean
Grapsidae 3**
Hyalidae 500

Algae
Ulvaceae 600 g

Bryopsidaceae 500 g
Bacterioplankton - 0.38 × 106 cells mL-1

*Nematodes density in the sampled aquarium sediment.**Total 
individuals present in the growth aquarium.

Table 1 Growth aquarium  biodiversity.

Parameters (unit) Typical coral 
aquarium  *

Organisms 
sampling 
station**

Growth 
aquarium 

Temperature (°C) 24-25 25.5 ± 0.87 22.25 ± 2.5
Salinity (‰) 34 28.16 ± 0.16 35.54 ± 2.43

pH 7.6-8.3 - 8.3
Total phosphate (µM) 0.6 0.61 ± 0.26 2.36 ± 0.91
Orthophosphate (µM) - 2.30 ± 0.16 2.19 ± 0.75

Ammonia(µM) 2 22.98 ± 9.83 3.08 ± 1.73
Nitrite (µM) - 0.62 ± 0.16 1.84 ± 0.22
Nitrate (µM) 5 3.46 ± 1.85 12.07 ± 8.41

Chlorophyll a (µg/L) - 6.98 ± 2.14 0.70 ± 0.21
Phaeophytin a (µg/L) - - 3.13 ± 0.67

Iron (mg/L) - - 0.02 ± 0.01
Silicate (µM) 200 - 13.71 ± 9.42

*Atkinson & Crow, 1995 **Mayer-Pinto & Junqueira, 2003 (Anil Beach).
The data obtained from the growth aquarium represent a median value 
with the respective standard deviation (n=12 performed in triplicate).

Table 2 Physico-chemical characterization of the growth aquarium and 
comparison among a typical coral aquarium and the organisms sampling 
site.
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Haliclona sp. in an ecologically inspired ex situ system for 14 
months. An eutrophic tropical environment was produced in 
the aquarium system.  In the growth aquarium a high biomass 
of interstitial invertebrates, anemones, macro-algae and 
bacterioplankton was observed. 

The distribution of anemones across the rock substrate suggests 
a good circulation of dissolved oxygen and organic macroparticles 
in the water column. Furthermore, the high occurrence of 

Figure 2: Haliclona sp. displaying osculum (red circles) and 
finger-like branching structure growing (yellow circles).

Figure 3: Recorded Haliclona sp. growing. A=Development of 
the projection area of the explant. B = Photographs of the explant 
during the growing experiment at the time of replaced to the flat 
surface of the grained sediment (0) , 5, 9, 12 and 14 months later.

cirratulidae specimens can also indicate a good oxygen supply to 
the superficial layer of the sediment and a deficiency of oxygen in 
the lower layers.

The vertical distribution of macrofauna within the sediment 
column appears to be regulated in part by oxygen and sulphide 
concentrations (Levin, 2005). The lower layer was composed of 
30% (2 cm) of thin sand, which is able to create an anoxic condition, 
important to provide denitrification process. Furthermore, the 
predominance of the family cirratulidae can indicate that this ex 
situ system presented abundance of sediment bioavailable organic 
matter. In fact, some cirratulids have been described as indicators 
of organically enriched sediments (Elías et al. 2004). 

The algal biomass present in the growth aquarium can be 
related to the bioavailability of nutrients present in the water, 
especially by the high concentration of orthophosphate and nitrate. 
The elevated concentration of nutrients present in this closed-
system can be attributed to the high quantity of fish food furnished 
and to a poor denitrification process. During the experiment 1.100 
g of the algal biomass were recorded, distributed in 170 L of 
water in the aquarium (6.47 g L-1), where the excess was removed 
periodically to maintain uniform the flow of water and to avoid 
excessive proliferation of decomposing microorganisms.

The rapid proliferation of algal biomass in the growth 
aquarium, especially of the Ulvaceae family, allied to high 
nutrient concentrations, suggest that this closed-system can be 
characterized as eutrophic environment. In fact, the genre Ulva 
has been used as a convenient bioindicator of eutrophication in the 
aquatic environments (Yokoyama & Ishihi, 2010).

In this work we adopted two approaches to sponge feeding based 
on the bacterioplankton availability. The first one was based on the 
bacterioplankton growth stimulation by organic and inorganic nutrients 
supplied by the fish-food flakes, which were directly placed on the 
sponge. Sponges efficiently retain particles, such as phytoplankton, 
bacterioplankton, heterotrophic eukaryotes, detritus and dissolved 
materials (Ferguson, 1982; Reiswig, 1990; Pile et al. 1996, Pile et al. 
1997; Leys & Reiswig 1998; Osinga et al. 2001; Belarbi et al. 2003; 
Osinga et al. 2003; Sipkema et al. 2006). In fact, the proximity of the 
flakes to the surface of the sponge may have contributed both to the 
efficient bacterioplankton (bacterial decomposition of the flakes) and 
to the fish-food nutrients absorption during the sponge feeding (i.e. 
vitamins, essential metals and carotenoids). Moreover, this approach 
could also be contribute to sponge associated microorganisms and, 
consequently, further sponge development. The sponge-associated 
microorganisms are in close association with sponges which comprise 
an important sponge biomass (about 40-60% of the mesohyl in certain 
sponges) (Vacelet, 1975; Taylor et al. 2007; Isaacs et al. 2009; Selvin 
et al. 2010).

The second approach was performed by blowing aquarium water, 
containing fish-food flakes, which create strong water current over 
the sediment surface, to provide an increase of food availability. In 
addition, the water current provided a stress condition for anemones, 
which expelled digestive mucus rich in microorganisms, thereby 
increasing the amount of bacterioplankton in the growth aquarium.

This sponge feeding approach can be an important way 
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to contribute to the food diversity for the cultivation of this 
organism in an aquarium as previously suggested by Duckworth 
& Pomponi, (2005). Moreover, the average value found in this 
experiment is comparable to those previously observed in tropical 
coastal waters (Vieira et al. 2007), which can reproduce similar 
availability of bacterioplankton condition for this tropical species 
in the aquarium.

During the 14 months of this experiment the Haliclona sp. 
showed a continuous growth, even though it did not present a 
uniform rate. Growing morphological structures like the osculum 
and finger-like branching were observed in the explant of Haliclona 
sp. during the growth experiment. The osculum presence can be 
considered a good health indicator because it suggests sponge 
filtering activity with tissue organization, as expected in functional 
sponges (Hausmann et al. 2006).

Besides the possible influences on the growth of Haliclona 
sp. already reported, regarding the nutrient-rich environment, the 
highest growth recorded in the first five months (26%) coincides 
with a greater presence of silicate in the growth aquarium (personal 
data). High concentration of silicate (or ferric ions) induces spicule 
formation and leads to construction of the aquiferous system 
together with the formation of the exhalant osculum (Kaandorp et 
al. 2008). In this sense, a greater presence of silicate in the water 
could lead to higher growth in the explant. However, more detailed 
investigations should be conducted to elucidate the relationship of 
these and other nutrients in the growth of Haliclona sp.

Conclusion
The 54.8% increase in area of the explant Haliclona sp. with 

biomass increment was enough to support an experimental design 
involving the exposure of the explant to cadmium for several 
times for the identification of differential protein expression in 
a stress situation (Wanick et al. 2013). The biomass generated 
was sufficient both to determine the concentration of cadmium 
in the tissues and for the extraction of proteins submitted to two-
dimensional gel electrophoresis at different exposure times.

Despite the need for further investigation of the relationship 
between the nutrients and the growth of the sponge in the closed 
system, this study was able to provide new insights into the 
cultivation process of this organism in the laboratory to obtain a 
representative biomass growth in order to support experimental 
designs, as well as to other potential applications.
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