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Abstract Sponges have been experimentally farmed for
over 100 years, with early attempts done in the sea to
supply “bath sponges”. During the last 20 years, sponges
have also been experimentally cultured both in the sea and
in tanks on land for their biologically active metabolites,
some of which have pharmaceutical potential. Sea-based
farming studies have focused on developing good farming
structures and identifying the optimal environmental con-
ditions that promote production of bath sponges or
bioactive metabolites. The ideal farming structure will vary
between species and regions, but will generally involve
threading sponges on rope or placing them inside mesh. For
land-based sponge culture, most research has focused on
determining the feeding requirements that promote growth.
Many sea- and land-based studies have shown that sponges
grow quickly, often doubling in size every few months.
Other favorable results and interesting developments
include partially harvesting farmed sponges to increase
biomass yields, seeding sexually reproduced larvae on
farming structures, using sponge farms as large biofilters
to control microbial populations, and manipulating culture
conditions to promote metabolite biosynthesis. Even though
some results are promising, land-based culture needs further
research and is not likely to be commercially feasible in the
near future. Sea-based culture still holds great promise, with
several small-scale farming operations producing bath
sponges or metabolites. The greatest potential for commer-
cial bath sponge culture is probably for underdeveloped
coastal communities, where it can provide an alternative
and environmentally friendly source of income.
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Introduction

Sponges have lived in our oceans for at least 580 million
years, and over 8,000 species exist today (Bergquist 1978;
Van Soest et al. 2008). They are found in marine and
freshwater habitats and can be dominant in the benthic
community in terms of biomass and abundance. Sponges
interact with the wider community in a variety of important
relationships, from competing for space with sessile
organisms to filtering small suspended particulate matter
and transferring energy from the pelagic to the benthic
zone. Lacking true tissues, a sponge individual is a
collection of cell types covered by pinacoderm and
supported by an endoskeleton consisting of spicules and/
or spongin fibers (Bergquist 1978).

Sponge species that possess only spongin fibers may
have commercial value as “bath sponges”. With cosmetic,
bath, or industrial use, the value of a bath sponge depends
on the quality of its spongin skeleton, with soft, durable,
and elastic fibers demanding highest price. The general
morphology of commercial bath sponge species ranges
from spherical to vase like (Pronzato and Manconi 2008),
with spherical-shaped sponges most desired and thus most
commonly studied. Our use of bath sponges dates back
thousands of years, with early Egyptians and Creeks free
diving to collect sponges for bathing and cleaning (Storr
1957). During the last 200 years, sponge fishing spread
from the Mediterranean Sea to tropical regions of the
western Atlantic and Pacific Oceans. Historically, sponge
fishing was an important and lucrative industry. From 1913
to 1938, yearly landings and value of bath sponges
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collected in Florida regularly exceeded 400,000 pounds and
USS$1 million (Storr 1964). In Libya, bath sponge produc-
tion peaked in the 1920s, averaging 70 tons each year, but
less than 10 tons a year is now harvested (Milanese et al.
2008). Overfishing and periodic disease outbreaks have
decimated many natural populations of bath sponges, and
global demand today far exceeds supply. In 2003, for
example, global trade in bath sponges was 2,127 metric
tons but global production from harvesting was 55 metric
tons (FAO 2004).

Disease outbreaks on bath sponges are often severe,
destroying both wild populations (Lauckner 1980) and
experimental farms (Smith 1941). Disease outbreaks have
been recorded for over 100 years (Pronzato 1999) and
appear to be increasing in frequency possibly due to
increased environmental stress (Webster 2007). The caus-
ative agent of sponge disease is often difficult to positively
identify (Webster 2007), but includes viruses, fungi,
cyanobacteria, and bacterial strains (Gaino and Pronzato
1989; Webster 2007). Sponge disease can destroy tissue
and weaken fibers, resulting in a worthless and unmarket-
able bath sponge (Pronzato 1999).

Recently, a new commercialization of sponge products
has begun. Sponges and their symbiotic microorganisms
biosynthesize a wide range of biologically active metabo-
lites that aid in growth and survival, such as preventing
predation, deterring spatial competitors, and fighting mi-
crobial infection. Thousands of sponge-derived bioactive
metabolites have been isolated and identified so far, and
some have pharmaceutical potential as anticancer, antiviral,
and antiinflammatory drugs or as biomedical tools (Blunt et
al. 2009). Many of these bioactive metabolites are found at
trace amounts within a sponge, often at concentrations of
milligrams of the target metabolite per kilogram of sponge
biomass (Schmitz et al. 1993). Harvesting wild populations
to supply sufficient quantities is not therefore economically
or environmentally feasible, except for the early phases of
drug development. Sponge aquaculture is one possible
method that could supply sufficient and sustainable
quantities of sponge metabolites for drug development
and manufacture.

Since about 1990, numerous studies have explored the
potential of farming sponges to supply bioactive metabo-
lites. This research is roughly equally divided between in
situ or sea-based culture, where sponges are farmed in the
sea, and in vitro or land-based culture, where sponges are
farmed in tanks on land. Regardless of culture location, the
research goals have been to develop farming protocols that
promote sponge growth, survival, and biosynthesis (pro-
duction) of the target metabolite. Many studies have also
examined farming bath sponges, with all research being
sea-based; the value of bath sponges is too low to justify
the more costly land-based culture option. The main goal of
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this research has been to develop low-technology farming
methods that produce large numbers of good quality bath
sponges. Cell culture via cell suspension or aggregates
(primmorphs) was reviewed recently by Miiller et al. (2004)
and Pomponi (2006) and will not be discussed here.

Sponge aquaculture for spongin or metabolite production
capitalizes on the high regenerative abilities of many
sponge species (Ayling 1983; Duckworth 2003), where
one individual is cut into many smaller pieces or explants
that heal and regrow. This is comparable to asexual
reproduction where storms or predation may break a sponge
into several pieces, which then re-attach and grow. Because
sponges have indeterminate growth, where growth and final
size is determined mostly by environmental conditions and
not genetics (Sebens 1987), explants can be cut to a
standardized size and randomized to experimental treat-
ments, thus eliminating any potential bias of initial size or
age. For initial farm set-up, sponge explants will be sourced
from natural populations. Once the farm is established and
operating, new sponge explants will be produced from
existing farmed sponges. To increase farm production and
profitability, these broodstock sponges should have high
growth and survival rates and contain good quality spongin
or high levels of the target metabolite. This review will
examine the research and commercial potential of sea- and
land-based aquaculture to supply sponge metabolites or
spongin (bath sponges).

Bath Sponge Aquaculture

Due to the collapse of bath sponge populations in the
Mediterranean Sea and tropical eastern Atlantic Ocean in
the eighteenth and nineteenth centuries, research into bath
sponge aquaculture has a relatively long history in both
regions. These early studies focused on developing a good
farming method or structure to culture sponges. Various
methods were trialed, ranging from attaching explants to
wooden crates or concrete disks to suspending them in mid-
water secured with threaded bamboo poles or insulating
wire (Moore 1910; Crawshay 1939). Although experimen-
tal, some studies showed great promise. Bath sponge
explants farmed by Crawshay (1939), for example, tripled
in volume in 1 year. Commercial sponge farming never
started, however, mostly because of opposition and sabo-
tage from sponge fisherman concerned about the competi-
tion (Moore 1910) and disease outbreaks killing explants
(Smith 1941).

During the last 20 years, bath sponge farming has
generated renewed interest and is now seen as the only
viable technique to satisfy global demand for bath sponges.
These new farming studies have tested synthetic materials
(e.g., nylon ropes), with explants generally farmed off-
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bottom and suspended in the water column. Some studies,
however, have grown sponges on horizontal lines laid on or
close to the bottom (e.g., Duckworth et al. 1997; Pronzato
et al. 1999; de Voogd 2007; Louden et al. 2007), which is
advantageous in locations where water depth is shallow
such as in lagoons. Most commercial sponge farms will be
situated in deeper water (>5 m), with sponge explants
cultured throughout the water column. This allows for more
sponges to be grown per site, increasing productivity. In
addition, sponges generally grow quicker when farmed in
the water column (Duckworth et al. 1997), probably
because of greater water flow and food availability.

Two main farming methods have been trialed, with
sponges grown either inside mesh or on threaded rope.
Both methods have advantages and disadvantages. Survival
is lower for some bath sponges species farmed on rope
because of explant damage resulting from the threading
process (Verdenal and Vacelet 1990; Duckworth et al. 2007;
Duckworth and Wolff 2007). Other species in contrast
survive well when cultured on rope (Pronzato et al. 1999;
Fig. 1). Sponges farmed on threaded rope can also be
ripped off during periods of strong water flow (Duckworth
and Battershill 2003b) or grow away from the threaded rope
forming a “donut” shape that is not marketable (Duckworth
et al. 2007; Fig. 2). This donut growth pattern does not
occur for all bath sponge species farmed on rope (Verdenal
and Vacelet 1990; Pronzato et al. 1999). These differences
in farming response are common even between sponge
species grown in the same location and thus experiencing
similar environmental conditions (Verdenal and Vacelet
1990; Pronzato et al. 1999; Duckworth and Battershill
2003b; Duckworth et al. 2007). Interspecific differences
result from variation in regenerative ability, susceptibility to
infection after cutting, growth potential, and general
hardiness.

Fig. 1 Explants of the bath sponge Hippospongia communis farmed
on threaded rope and separated using plastic spacers. These explants
doubled in size in 2 years to about 20 cm in diameter. (Photograph
provided by R. Pronzato.)

Fig. 2 The bath sponge Coscinoderma matthewsi farmed on threaded
rope forming a donut shape. The explant is 7 cm across

Although survival is higher for some sponge species
farmed in mesh because damage is less, low growth rates
may result from the mesh strands reducing water flow and
thus food availability (Duckworth and Battershill 2003b).
Biofouling of ascidians, bryozoans, and algae on the mesh
can also reduce water flow to the farmed sponges. These
problems are reduced or eliminated by using mesh consist-
ing of thin strands and large holes and good site selection.
Mesh structures that have successfully grown bath sponges
include lanterns (Kelly et al. 2004) and pearl panels
(Duckworth et al. 2007; Fig. 3). Some studies have also
examined the potential of combining both methods by
using a “nursery period” (Duckworth et al. 2007; Duckworth
and Wolff 2007), with sponges initially farmed in mesh
until they have healed all cut surfaces and regenerated an
intact aquiferous system and then threading them on rope to
promote their growth before harvesting. This farming
strategy, however, is labor intensive and costly, and sponge
growth and survival rates are no better than if farmed solely
in mesh (Duckworth et al. 2007; Duckworth and Wolff
2007). It is therefore not a viable or worthwhile strategy.
Bath sponges farmed in mesh, however, should be trans-
planted as they grow into structures with larger mesh to
promote larger final size. During this process, small non-
growing explants can be weeded out and sold.

The best farming method to commercially grow bath
sponges will vary between sponge species and regions. The
bath sponge Coscinoderma matthewsi (Lendenfeld 1886),
for example, is farmed on threaded line in Micronesia
(MacMillan 1996), but is best cultured in modified pearl
panels in tropical Australia (Duckworth et al. 2007; Duckworth
and Wolff 2007).

Commercial farming also requires an understanding or
knowledge of the environmental conditions that maximize
sponge growth and survival. Although the optimal envi-
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Fig. 3 Explants of the bath sponge Rhopaloiedes odorabile farmed in
a pearl panel. Each explant is 820 cm long

ronmental conditions will vary among species, there are
several general trends. Sponges are active suspension
feeders but rely greatly on the passive flow of water to
provide bacteria and microalgae; thus, site selection is
critical for commercial success. Most sponges grow
quickest and reach its largest size in sites with high water
movement or flow (Wilkinson and Vacelet 1979; Leichter
and Witman 1997; Duckworth et al. 2004). A high flow rate
promotes sponge growth directly through increased food
availability, indirectly by breaking down the food-depleted
boundary layer around the individual (Leichter and Witman
1997), or by increasing the internal flow through the
aquiferous system (Vogel 1974). However, there is not a
linear relationship between growth rates and flow rates. In
areas of very strong water flow, such as at shallow depths
exposed to storm surge, sponges have reduced growth
(Duckworth et al. 1997, 2004) resulting from decreased
feeding efficiency and energy diverted to strengthen
skeletal structures (Palumbi 1984).

Culture depth also influences light intensity, which can
affect farming response. Fouling from algae can be severe
at shallow depths, which can reduce water flow, decreasing
growth rates and final size (Duckworth et al. 1997). UV
radiation, highest at shallow depths, can reduce sponge
growth (Wilkinson and Vacelet 1979) and survival (Jokiel
1980). Most bath sponge species do not contain photosyn-
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thetic symbionts; thus, exposure to light is not critical for
farming success. Generally, bath sponges will be commer-
cially cultured at depths >5 m to reduce exposure to high
levels of light intensity and wave shock.

The transplant and farming season can also greatly
influence sponge growth and survival. Many tropical and
temperate sponges survive best if transplanted when water
temperate is relatively low (Wilkinson and Vacelet 1979;
Duckworth et al. 1997, 2004; van Treeck et al. 2003).
Cooler water promotes survival by lowering respiration
(Cheshire et al. 1995), encourages pinacoderm healing
(Duckworth et al. 1997), and decreases microbial growth
(Hummel et al. 1988), which collectively reduces the
chance of infection and stress during transplanting. Sponge
growth, in contrast, is generally greatest when water
temperature is rising or relatively high (Verdenal and
Vacelet 1990; Duckworth and Battershill 2003b; Handley
et al. 2003; Page et al. 2005), although there are exceptions
(Duckworth et al. 1997). In temperate waters, seasonal
patterns of food abundance likely cause the seasonal growth
of farmed sponges. In tropical regions, where environmen-
tal conditions are more stable, the effect of any seasonal
variation in food abundance on sponge growth is unknown.
Reproductive cycles that would divert energy away from
somatic growth may also contribute to temporal variation in
sponge growth.

Farmed bath sponges can grow quickly, with several
studies recording explants doubling or tripling in size in
one year (Moore 1910; Crawshay 1939; Verdenal and
Vacelet 1990; Corriero et al. 2004; Duckworth et al. 2007).
Although these studies include both tropical and temperate
sponges, tropical species generally grow faster. Crawshay
(1939) and Verdenal and Vacelet (1990) have suggested
that for bath sponge culture to be commercially viable,
explants should double in size in 1 year.

One of the interesting results from many of these studies
is that growth and survival can vary greatly between
sponges cultured together and experiencing similar envi-
ronmental conditions. Even explants from the same donor
sponge can vary greatly in growth (Verdenal and Vacelet
1990). These differences could result from many factors,
including initial variation in energy reserves, health, number
of choanocyte (feeding) chambers, and explant size. For
some sponges, percent growth and final survival is lowest
for small explants (Duckworth et al. 1997; Duckworth and
Wolff 2007). After cutting, small explants have a greater
ratio of exposed surface area to volume and would need to
invest comparatively more energy into regeneration, divert-
ing energy away from somatic growth and increasing stress
and mortality. For other species, small explants grow as
quickly as larger explants (van Treeck et al. 2003; de Voogd
2007). Another consideration is that larger explants will
likely grow to market size sooner. For each commercial
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sponge species, it is a trade-off between producing sufficient
explants to transplant and farm, obtaining high growth and
survival and producing large bath sponges to sell. Consid-
ering the importance of seasonal environmental variation on
farming response, this optimum explant size may vary
between seasons (van Treeck et al. 2003).

One exciting development in sponge culture that would
eliminate some of these concerns involves culturing
sponges from sexually produced larvae (Dubios 1914; de
Caralt et al. 2007). First suggested 100 years ago (Moore
1910), it is most feasible for brooding sponge species.
“Seeding” of larvae on farming structures would occur in
tanks on land to maximize settlement. After a nursery
period of several weeks, where juvenile sponges are fed, the
farming structures plus sponges would be transplanted to
the farm. Because this process would occur initially in
tanks on land, it is essential to know the optimal
environmental factors such as light intensity and feeding
requirements, which promote larval settlement and subse-
quent juvenile survival and growth. These factors will be
species specific.

Another exciting potential of sea-based culture is using
sponge farms as “biofilters” (Miiller et al. 1999; Pronzato et
al. 1999; Milanese et al. 2003), either in integrated multi-
trophic aquaculture to reduce environmental pollution from
fish farms (Fig. 4) or as a final step in waste-water
treatment plants. This capitalizes on the ability of sponges

Fig. 4 Sponges experimentally cultured next to a fish farm in the
Mediterranean Sea to examine their potential as biofilters. (Photograph
provided by R. Pronzato.)

to filter large volumes of water with high retention rates for
bacteria and other small microbes (Reiswig 1971; Pile et al.
1996; Duckworth et al. 2006). However, many sponges are
susceptible to sediment smothering so farm location and
distance from the pollution source is paramount (Verdenal
and Vacelet 1990).

Although several temperate and tropical bath sponge
species from various countries have been experimentally
farmed with promising results, commercial farming is
occurring only in Pohnpei with the sponge C. matthewsi
(OEA 2004). Annual production is about 12,000 sponges,
with most sold locally to residents or tourists (OEA 2004).
These sponges are farmed on threaded line, with farming
equipment and maintenance costing a few thousand dollars
(MacMillan 1996) International demand for C. matthewsi is
substantially greater, however. One British retail store
requested 90,000 farmed bath sponges per year, but farming
production could not supply sufficient numbers and the
contract was terminated. New commercial bath sponge
farms will soon start in two tropical Australian locations:
Torres Strait, culturing C. matthewsi, and Palm Islands,
farming C. matthewsi and Rhopaloeides odorabile (Thompson
et al. 1987). Both Australian farms will be producing 100,000+
bath sponges each year. The commercial enterprises in
Pohnpei, Torres Strait and the Palm Islands will be all
community driven and managed, providing employment to
local indigenous people.

Sea-Based Sponge Aquaculture for Bioactive
Metabolites

The majority of research into farming sponges in the sea for
their bioactive metabolites has occurred in the Mediterra-
nean, Indo-Pacific, and South Pacific regions. Examining
temperate and tropical species, the main goals of this
research have been to identify the optimal environmental
factors and farming structures that promote sponge biomass
and biosynthesis of the target metabolite. Farming structure
tested include those used for bath sponges like threaded
rope (e.g., Hadas et al. 2005; de Voogd 2007) and mesh
lanterns (e.g., Duckworth et al. 2004). However, one
advantage of farming sponges for their metabolites is that
final explant shape is not important; thus, additional
farming methods are possible.

One new method that has promoted very high growth
and survival rates for several sponge species are mesh
arrays. Hanging vertically in the water, mesh arrays consist
of a mesh tube divided into alternating pockets, each
holding one explant (Duckworth and Battershill 2003a).
Sponge explants can grow out through the mesh pocket so
they are directly exposed to the environment (Fig. 5),
maximizing their surface area for feeding and respiration

@ Springer



674

Mar Biotechnol (2009) 11:669-679

Fig. 5 Explants of Latrunculia wellingtonensis being farmed in a
mesh array. Both explants are approximately 8 cm long

and promoting growth and final size. Explants of Mycale
hentscheli (Bergquist and Fromont 1988) experimentally
farmed in mesh arrays grew by >3,000% in 8 months (Page
et al. 2005). Another new farming structure, developed in
the Mediterranean Sea, consists of net material stretched
over metal frames, with explants sandwiched between the
two layers of netting (van Treeck et al. 2003). One
advantage of these net frames is that they can be stacked
in various ways on the substrate to maximize farming
output. Sponge survival and growth rates were generally
high (van Treeck et al. 2003). Another farming method that
was tested in the Mediterranean Sea involves placing
explants in small plastic containers, which are held upright
on horizontal lines (Pronzato 2004). Growth is rapid, and
after a few months, the explants grow out of the containers
and totally cover the farming structure.

Because the main commercial goal is to supply large
volumes of the target metabolite, additional farming
techniques are possible such as partially harvesting farmed
explants. This technique capitalizes on the high regenera-
tion rates of many sponges and involves removing some
biomass (containing metabolite) from each farmed explant,
leaving the rest of the explant behind on the farming
structure to continue growing. For several sponge species,
growth rates of partially harvested explants were similar or
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higher than non-harvested explants (Duckworth and Battershill
2003b; de Voogd 2007). In a commercial farming venture,
sponges would be continually harvested for many years to
supply metabolite, reducing the number of farmed sponges
needed, thus decreasing infrastructure and costs. The
sponges selected for farming should contain high levels of
the target metabolite to maximize production and profits.
For farmed sponges, metabolite concentration can vary
greatly between neighboring explants (Page et al. 2005).
Physical and biological factors such as light intensity and
levels of biofouling may influence metabolite biosynthesis
in sponges (Thompson et al. 1987; Kreuter et al. 1992;
Page et al. 2005; Ferretti et al. 2009). For metabolites
biosynthesized by symbiotic microorganisms, changes in
environmental factors may also alter microbial populations,
influencing metabolite production and yield (Page et al.
2005). Knowing the effect of environmental factors on
metabolite biosynthesis or understanding the ecological role
of the metabolite could be used to promote metabolite
production and total yield. If the ecological role of the
target metabolite is to deter predators, for example, it may
be possible to mimic predation by cutting the sponge
shortly before harvesting to promote metabolite production.
Some sponges farmed for their bioactive metabolites
have phenomenal growth rates. Explants of Latrunculia
wellingtonensis (Alvarez, Bergquist & Battershill 2002)
producing the cytotoxic compounds discorhabdins, for
example, showed a five-fold increase on average over
9 months (Duckworth and Battershill 2003b), while M.
hentscheli explants producing mycalimides, pateamines,
and pelorusides increased 30-fold in size in 8§ months (Page
et al. 2005). These fast growing species are “fleshy”
sponges, which do not have to invest large resources into
skeletal support. Fast growth combined with high metabo-
lite biosynthesis suggests that farming sponges to supply
metabolites is commercially feasible for some species.
There are currently two research institutes attempting to
farm sponges in the sea for mass production of bioactive
metabolites. The National Institute of Water and Atmo-
spheric Institute is culturing M. hentscheli in the Marl-
borough Sounds, New Zealand, to supply peloruside A, a
compound with anticancer properties (Handley et al. 2006).
Sponges are farmed in mesh arrays that are attached to an
existing mussel farm; thus, infrastructure costs are signif-
icantly reduced (Handley et al. 2006). During the first year,
3 kg of M. hentscheli was transplanted, producing 70 kg of
biomass (Page, personal communication). Most of this
biomass was harvested to supply metabolite, but some
explants were reseeded back onto the farm, a practice
continued in subsequent years until 200 kg was produced. It
is estimated that 200 kg of M. hentscheli supplies 2 g of
peloruside A (Handley et al. 2006). During scale-up,
however, predation by nudibranchs become a serious
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problem, reducing production; full details of this study will
be published soon (Page, personal communication).

The marine biotech company Porifarma is developing
sponge farms off Bodrum, western Turkey, to supply
sponge metabolites and act as biofilters for neighboring
fish farms (de Goeij and Osinga, personal communication).
Porifarma will farm two sponge species: Dysidea avara
(Schmidt 1862), which produces avarol that has antitumor,
antibacterial, and antifungal properties, and Chondrosia
reniformis (Nardo 1847), which is a good source of
collagen that can be converted into nano-particles and used
to deliver drugs to the target location. Farming methods
vary between species, with D. avara grown on nylon ropes
on metal frames and C. reniformis cultured in metal cages.
After 1 year, sponge survival was generally high with some
explants tripling in size, though farming response varied
between species and sites (de Goeij and Osinga, personal
communication).

Land-Based Sponge Aquaculture for Metabolite
Production

Although farming sponges in land-based systems is
comparatively new, over 30 species have been experimen-
tally cultured so far. The majority of the research has
occurred in Europe, investigating Mediterranean species.
The advantage of land-based sponge culture over sea-based
culture is the ability to totally control farming conditions;
thus, metabolite biosynthesis could be optimized, providing
more reliable production and promoting higher yields. Most
of the research examining in vitro sponge culture has
focused on feeding requirements, specifically the food
types and concentrations that maximize growth. In an
earlier review, Osinga et al. (1999b) stated that determining
suitable feeding regimes is the key to successful in vitro
sponge culture.

Sponges mostly consume small (<10 um) particles like
bacteria and microalgae (Reiswig 1971; Stuart and Klumpp
1984; Duckworth et al. 2006). Sponges with symbiotic
bacteria may also obtain much of their energy from DOC
(Yahel et al. 2003), but this is unlikely for nonsymbiotic
species (Ribes et al. 1999). Although sponges may grow on
dissolved organic compounds, particularly if marine growth
promoters are used (Garcia Camacho et al. 2006b), the
likely commercial value of using DOC is to supplement
feeding with particulate organic matter. In vitro studies
have typically feed bacteria and/or microalgae to sponge
explants (e.g., Barthel and Theede 1986; Osinga et al. 1997,
2001; de Garalt et al. 2003; Duckworth et al. 2003; Ferretti
2006) with varying levels of success.

To promote growth, the food type and concentration
must exceed the metabolic costs of the sponge (Osinga et

al. 1997). Because bacteria contain less carbon (energy)
than larger celled microalgae, more bacteria must be
consumed to meet metabolic costs (Duckworth and Pomponi
2005). Although sponges can be grown solely on micro-
algae or bacteria when fed at the right concentration, a
mixed diet is best to guarantee that all nutritional require-
ments (e.g., carbon, fatty acids) are met (Duckworth and
Pomponi 2005). Sponge feeding studies have shown that
there is not a positive linear relationship between food
concentration and sponge growth because high cell con-
centrations can reduce sponge filtration rates, reducing
growth and final size (Osinga et al. 2001; Duckworth et al.
2003). The amount of carbon needed to meet metabolic
costs and thus the optimal food concentration will vary
therefore between species and habitats. Coral reef sponges,
for example, require significantly less bacteria and micro-
algae to grow in culture than sponges from nutrient-rich
environments (Duckworth et al. 2003; Duckworth and
Pomponi 2005).

For sponge species that have a siliceous skeletal
(spicules), silica must be added in solution to promote
growth (Osinga et al. 1997). Additional water quality issues
include providing sufficient oxygen and removing waste
products. Sponges cultured in tanks produce large volumes
of nitrogenous wastes, requiring good biofiltration or
regular water exchanges; otherwise, the water will become
toxic, killing the cultured sponges. The nitrogenous waste
produced by cultured sponges can be recycled to grow
microalgae, which in turn can be fed back to the sponges
(Osinga et al. 1999b). Without adequate filtration, bioactive
metabolites released from cultured sponges could also reach
dangerous concentrations. Successful in vitro culture also
requires knowledge of the water temperature and pH levels
that promote growth and metabolite biosynthesis. Similar to
feeding requirements, the optimal environmental conditions
for metabolite production are species specific. Generally,
sponge species that inhabit stable environments such as
coral reef habitats are more likely to suffer physiological
stress, resulting in death when culture conditions vary
greatly from ambient or natural conditions.

Because of the relationship between sponge biomass and
water quality, most in vitro culture studies have grown
small explants and/or used few replicates compared to sea-
based culture experiments (e.g., Belarbi et al. 2003; Nickel
and Briimmer 2003; Osinga et al. 2003; Garcia Camacho et
al. 2006b). For some studies, replicate number was too low
to run statistical tests; thus, differences between culture
treatments could not be statistically determined (e.g.,
Osinga et al. 2001; Belarbi et al. 2003; Garcia Camacho
et al. 2006a). In addition, some in vitro culture studies have
experimentally farmed sponges for only a few weeks or
months (e.g., Nickel et al. 2001; Osinga et al. 2001;
Duckworth et al. 2003), often less farming time than sea-
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based culture studies. These experimental restraints have
hampered the commercialization of in vitro sponge culture
for drug products.

Growth of in vitro cultured sponges varies greatly
between studies, resulting from both interspecific differ-
ences in growth potential and the experimental nature of in
vitro sponge culture. Some studies, however, have reported
phenomenal growth rates: Explants of Crambe crambe
(Schmidt 1862) grew by 1,380% of their initial weight in
2245 days (Belarbi et al. 2003), while Pseudosuberites
(aff.) andrewsi grew by 730% in 54 days (Osinga et al.
1999a). Although comparable to growth rates recorded
from some sea-based studies, initial explant size and
replicate number was low for these in vitro studies, and
thus, results have to be treated cautiously. For many
sponges cultured in tanks on land, growth rates are high
initially and then stabilize after a few weeks (Osinga et al.
1999a; Duckworth et al. 2003; Garcia Camacho et al.
2006a). This growth pattern likely results from several
factors, including food limitation and behavioral response
to being cut into explants. Constant high growth rates are
needed for in vitro culture to be commercially viable.

Most in vitro culture studies to date have focused on
sponge growth and survival, however, some studies have
also examined the effect of culture conditions on metabolite
biosynthesis. Concentration of the antitumor metabolite
stevensine in Axinella corrugata (George and Wilson
1919), for example, doubled from 200 to 400 mg g DW
when the sponge was fed food cells at three times the natural
food concentration (Duckworth et al. 2003). Final size of 4.
corrugata was also greatest at this food concentration,
indicating that both growth and metabolite biosynthesis can
be maximized under the same culture conditions. Aplysina
(Verongia) aerophoba (Nardo 1843) produced 0.13 mg g
WW ! of the cytotoxic metabolite aeroplysinin-1 when
cultured under light for 10 days, but only 0.02 mg g
WW ! when grown in the dark (Kreuter et al. 1992). It is
therefore possible to manipulate both biological and physical
conditions to maximize production of the target metabolite.

Although some studies have reported good farming
responses, there are many hurdles to overcome before in
vitro sponge culture can be considered a commercially
viable method of metabolite supply. Long-term studies
involving many sponge replicates that showed rapid
continuous growth combined with high metabolite biosyn-
thesis are lacking.

Commercial Sponge Culture
Comparing various culture methods to supply drug prod-

ucts, Sipkema et al. (2005) determined that sea-based
sponge culture is often economically cheaper than in vitro
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or land-based culture. For example, production costs of the
anticancer compound halichondrin B from Lissodendoryx
sp. farmed on land is approximately double the costs of sea-
based culture (Sipkema et al. 2005). Land-based culture of
Acanthella cavernosa (Dendy 1922) was also considered
not economically viable (Mendola 2003). These findings
agree with seafood aquaculture, where the additional costs
associated with land-based culture such as supplying
sufficient food and maintaining good water quality can
prevent economical viability. Production costs for sea-based
culture can be very low, particularly for small-scale bath
sponge culture where farm set-up and operational costs
(excluding labor) are a few thousand dollars (Adams et al.
1995; MacMillan 1996). Sea-based culture is currently the
only commercially viable method used to produce either
bath sponges or bioactive metabolites for drug production
and will likely remain so for the foreseeable future.
Commercial culture of bath sponges is probably most
feasible in tropical regions because of comparatively higher
growth rates than temperate bath sponges. Commercial
culture of sponges for bioactive metabolites, although
currently limited to two temperate locations, is likely
profitable in both temperate and tropical regions. The
potential of disease outbreaks, as experienced in the past
(Smith 1941), will always threaten sea-based culture but
good management techniques will reduce the threat.
Commercial farming operations currently rely on cutting
sponges to generate explants to farm, but seeding farming
structures with sexually produced larvae has great potential
(de Caralt et al. 2007). Another existing development is
using sponge farms as biofilters in controlling pelagic
populations of microbes.

Even though numerous studies stretching over 100 years
have shown that sponges can grow quickly and survive
well when cultured in good environmental conditions using

H

Fig. 6 A Torres Strait Islander examining bath sponges farmed in a
pearl panel
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appropriate farming methods, commercial sea-based culture
is still largely in its infancy. Small-scale farms for
production of bath sponges or metabolite have highlighted
both its potential and limitations. Although commercial
farming for sponge metabolites is potentially more lucra-
tive, it has several challenges that bath sponge culture does
not have like high costs of metabolite extraction and
alternative sources of supply (e.g., chemical synthesis).
Because bath sponges are easily farmed using simple
technology, with minimal processing and transport costs,
bath sponge culture is ideal for underdeveloped coastal
communities. It is likely that the greatest potential of
commercial bath sponge aquaculture is for coastal indige-
nous communities, providing an alternative and environ-
mentally friendly source of income (Fig. 6).
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