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CHAPtER 8

the cryptic carbon shunt, the 
sponge loop, and beyond…
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“Living organisms and their nonliving (abiotic) environment are 
inseparably interrelated and interact upon each other. Any unit that 
includes all of the organisms (i.e., the “community”) in a given area 

interacting with the physical environment so that a flow of energy leads 
to clearly defined trophic structure, biotic diversity, and material cycles 

(i.e., exchange of materials between living and nonliving parts) 
within the system is an ecological system or ecosystem.”

Eugene P. Odum (1971)

Are sponges ‘DOM’-feeders?
It is an important and still unresolved debate whether only sponges containing 
associated bacteria can utilise DOM. We have found that both sponge cells 
and associated bacteria can assimilate DOM. However, focusing on the cycling 
of DOM within the coral reef ecosystem it is important to emphasize that in 
fact the invertebrates are processing the water and deliver the nutrients to the 
sponge-microbe association, by actively pumping and filtering. In this respect 
invertebrates, as opposed to bacterioplankton, play a key role in the uptake and 
remineralisation of DOM within the coral reef.

the discussion as to whether only sponges containing associated micro-
organisms can use DOM is also a debate on the definition of the term ‘dis-
solved’, which is operationally defined as everything passing a GF/F (~0.7 µm!) 
filter. this definition may have a substantial impact on what is and what is not 
available for organisms other than microorganisms to feed on DOM. the DOM 
fraction definitely contains particles, as small as 0.1 µm that filter feeders, at 
least sponges, are keen to filter. Moreover, colloids with a size of a few µm can 
contain low and high molecular weight molecules, but may be filtered as a 
particle. In this respect the current definition should be considered as fuelling 
confusion and also as rather inappropriate for benthic aquatic systems with 
grazing activity by suspension feeders, capable of processing significant amounts 
of ‘DOM’. In these ecosystems, a more strict division of dissolved organic matter 
in confined size fractions would be very helpful to better distinguish between 
‘truly’ (<0.1 µm) and ‘colloidal’ (>0.1 and <GF/F) DOM. 
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The ‘sponge loop’ and the ‘cryptic carbon shunt’
Sponges are net converters of DOM into particulate organic matter. In fact, the 
conversion of predominantly DOM into particles as a manner of energy transfer 
in marine systems is described in earlier studies as the so-called ‘microbial-loop’ 
(Azam et al. 1983). In the microbial loop bacteria utilise DOM, which is mainly 
produced by phytoplankton. Bacteria are then consumed by flagellates, which 
in turn are eaten by ciliates. this way, dissolved organic matter is moving up the 
trophic levels in particulate form as an energy carrier. Subsequently, in analogy 
with processes in the coral cavities, inorganic nutrients are regenerated and 
carbon is lost through respiration. Another analogy with the microbial loop is 
the large surface to volume ratio of both bacteria and encrusting sponges. this 
increases their ability to take up nutrients at very low concentrations, like in 
oligotrophic tropical waters, and, additionally, the increased ability to take up 
DOM. thus, the cavity sponges function as a ‘sponge loop’, surpassing the clas-
sical ‘microbial loop’ in coral cavities in terms of nutrient fluxes. Considered 
strictly, both ‘loops’ are actually no loops but shunts of energy, and the referred 
energy is not being looped within the organisms, but is carried to higher trophic 
levels. therefore, we argue that a coral cavity is more appropriately defined as 
a ‘cryptic carbon shunt’.

Damage control by coral cavity sponges: Living and surviving in oligotrophic 
conditions
Halisarca caerulea is an encrusting coral reef sponge, inhabiting coral over-
hangs and framework cavities. Its habitat provides shelter and protection, and 
therefore the struggle for space and food for these benthic organisms is high. 
the tropical waters surrounding coral reefs are very low in nutrients and con-
sidered as the marine equivalent of a desert. Marine benthic organisms have 
adapted to their environment by being very efficient and opportunistic feeders. 
therefore, in order to gain enough energy for their metabolic processes, sponges 
pump enormous volumes of water in time. As a consequence, the sponge as a 
benthic filter feeder is permanently in contact with and threatened by poten-
tial mutagenic, toxic, viral, bacterial and physical stress. We hypothesise that 
sponges cope with this hostile environment by a high turnover of (“old”) cells, 
to prevent potential damage. Since there is almost no space within the cavities 
to grow large, sponges may change their strategy to grow old and reproduce 
for many years. they are able to reach this goal by constantly renewing their 
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system of food uptake and gain of energy as most essential body part, which is 
also very vulnerable to exogenous stress. On the other hand, when space is not 
limited, sponges may show growth rates of almost 3,000 times their normal 
growth rate if presented a bare piece of substrate. It can be concluded that 
sponges are very well adapted to changes in their environment.

Sponge choanocyte chambers versus human gastrointestinal tract
Sponges are considered to be the oldest still existing metazoan phylum and 
an important link between a unicellular and multicellular way of living.  
One would expect that the first ‘organs’ to be constructed in a multicel-
lular environment are those that provide energy for metabolic processes. 
In this view, it is quite remarkable how the cell kinetics and the functional 
organisation of the choanocytes in the sponge show a striking resemblance 
with epithelial cells lining the mammalian or human gastro-intestinal tract. 
Both type of cells, supported by extracellular matrix elements, form the 
functional cellular stuctures that are responsible for the primary and selective 
uptake of food, essential for energy and growth. In human colonic tissue the 
proliferating cells are found in the epithelial cell compartment in the lower 
two-thirds of the crypt, migrating upwards replacing the cells in the upper 
part of the crypt. At the top of the crypts the excess of cells loose their mutual 
binding, are detached from the basement membrane and are shed into the  
lumen (van de Wetering et al. 2002). In the process of cell loss apoptosis seems 
to play only a minor role, since low numbers of apoptotic cells are found in the 
epithelial compartment (Anti et al. 2001). these processes closely resemble the 
fate of the choanocytes in the sponge, where large numbers of cells and cellular 
debris are shed into the lumen and low numbers of apoptotic cells are found 
in the mesohyl compartment. More similarities can be found in the functional 
organisation of H. caerulea and the human gastrointestinal tract (Fig. 8.1). the 
cuticle of the sponge resembles the basic morphology of the ectodermal or 
endodermal layers in vertebrates, i.e. the exopinacodermal cells. Furthermore, 
the endopinacodermal cells resemble the monolayer of absorptive cells in the 
gastrointestinal tract, whereas the wavy collagen matrix containing archaeo-
cytes and other cells resemble the vertebrate dermis or the lamina propria and 
submucosa of the digestive system. In other words, the compartimentalisation 
of the sponge, which has a crucial role in the specific uptake of nutrients by the 
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Fig. 8.1 Histological section of (left) human colonic crypt (derived from Potten et al. 
1992) and (right) Halisarca caerulea choanocyte chamber. Tissue was labelled with a 
monoclonal antibody against BrdU (brown stain), representing proliferative cells. Hae-
matoxylin and Eosin staining.

organism, closely resemble the compartimentalisation in the human gastro-
intestinal tract.

Another aspect of resemblance between sponges and the mammalian gas-
trointestinal tract is the presence of large numbers of symbiotic bacteria. An 
alliance between eukaryotic and prokaryotic cells is important in polytrophic 
nutrition. Recent 13C-tracer studies on H. caerulea revealed an involvement of 
both sponge cells and associated bacteria in the assimilation of food within the 
sponge-microbe association (De Goeij et al. 2008b). the commensal interac-
tions between intestinal microorganisms and animal hosts have been difficult 
to study in the past because of the diversity of microorganisms involved and 
the lack of culturability (Hentschel et al. 2003).  using this knowledge on 
cell kinetics and uptake of food components will allow a better culturing of 
sponges, and hence may provide new opportunities to study these bacteria-
sponge interactions.
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Sponges as animal models
Sponges like Halisarca caerulea have a great potential as an animal model for 
various scientific purposes. their rapid turnover makes these sponges useful in 
toxicological or pharmaceutical studies. the ability to clone sponges by simply 
cutting in pieces provides a potential unlimited supply of genetically identical 
tissue. Genetic and physiological studies on sponges could provide important 
information on the mechanism of cell shedding. to emphasize the importance 
of shedding, it should be noted that disruption of shedding of differentiated, 
epithelial cells in the gastro-intestinal tract may consequently lead to polyp 
formation, which may develop into cancers of the digestive tract, stomach, and 
esophagus (Horii et al. 1992; van de Wetering et al. 2002). In other words, cell 
shedding may be a very effective way to avoid aberrant growth or carcino-
genesis in these filter feeders, which have to pump huge amounts of water, 
containing not only nutrients, but harmful components as well.

the simple body plan of sponges, hypothesised as the ‘bauplan’ of 
metazoan life forms, has recently been recognised in several evolutionary 
studies (Müller 1998; Maldonado 2004). Sponges are also known as a potential  
plentiful resource of new products for society, such as food additives, fine 
chemicals (biomaterials, for instance collagen and biosilica), cosmetics and 
natural compounds that may become leads for pharmaceutical drug develop-
ment. A major drawback to implement sponges as a scientific or biotechnological 
model is the notorious difficulty to culture sponges. the studies in this thesis 
demonstrate that cell kinetic studies provide unique and essential information 
on the regulation of growth of these organisms.
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