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summary

Coral cavities are the largest habitat in the coral reef ecosystem. Determin-
ing the role of this habitat and its inhabitants in the overall element cycling 
on reefs was the major goal of this PhD study. Coral cavities are major sinks 
of dissolved organic carbon (DOC). In two geographically distinct areas (the 
Caribbean island of Curaçao, Netherlands Antilles, and the Berau area, East-
Kalimantan, Indonesia), in different reef types such as fringing, lagoon, barrier, 
and atoll reef, the fluxes of DOC were measured using two different methods. 
Fluxes were determined in an ‘open’ system by measuring concentration  
differences between cavity water and overlying reef water and by using a water 
exchange coefficient, i.e. the residence time of the cavity water. Subsequently, 
fluxes were determined by closing the cavities (and halting the water exchange 
with the overlying reef water) and monitoring the change in concentration of 
DOC in time. Both methods demonstrated a significant removal of DOC by 
coral cavities, wheras no significant differences in cavity fluxes using the two 
methods were observed. Moreover, in both geographically distinct areas, all 
cavities examined showed a DOC flux into coral cavities that appeared one to 
two orders of magnitude higher than particulate organic carbon (POC) removal 
rates. Bioassays showed that bacterioplankton is not responsible for this DOC 
removal by coral cavities. 

For more than 95% the cavity walls are covered by a dense population of organ-
isms. Cryptic organisms are mostly filter or suspension feeders, dominated by 
encrusting sponges, forming a layer with a thickness of only a few millimetres. 
In accordance with the extensive removal of DOC by coral cavities, we found 
that cavity sponges are also major sinks of DOC. this is contradictory to the 
conventional view that sponges can only “filter” particles, and are not able to 
use dissolved material for nutrition. We studied the removal of dissolved or-
ganic carbon and bacterioplankton by the encrusting sponges Halisarca caer-
ulea, Mycale microsigmatosa and Merlia normani in coral reefs along Curaçao, 
Netherlands Antilles. We monitored the change in concentration of DOC in 
time, in experiments at 12 m water depth using flow chambers in the presence 
or absence of sponges. the DOC removal rates of all three sponges were on 
average two orders of magnitude higher than bacterial carbon removal rates 
and accounted for more than 90% of the total organic carbon removal. the 
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total carbon removal rates presented here were, to date, the highest reported 
for sponges. the three sponges are ‘DOM-feeders’, related to the availability of 
dissolved and particulate carbon sources in the ambient water. Sponges are very 
opportunistic feeders, feeding on anything available in their environment, and 
there is 10 to 100 fold more DOC that POC in the cavity waters. Furthermore, 
encrusting sponges could be very important in the removal of dissolved organic 
carbon in coral reef cavities.  

Although cavity sponges remove large amounts of carbon from the water 
column, it is not known how the removed carbon is processed by sponges. 
therefore, a mass balance was constructed to determine the fate of carbon for 
the sponge Halisarca caerulea that is used as a model species for cavity sponges. 
A major discrepancy was found between the total organic carbon removal and 
the net growth. Only ~40% of the carbon taken up by the sponge Halisarca 
caerulea is respired. the remaining ~60% of the removed organic carbon is 
assimilated. this is equivalent to a predicted increase in biomass of ~38% body 
C d-1, which means a doubling in biomass every two to three days (!), with a 
net growth rate of approximately zero. thus, an important question is: Where 
does all the removed carbon go? the answer cannot be found in the previous 
data, which are based on indirect observations of net fluxes of carbon through 
the sponge. to investigate actual evidence of assimilation of organic matter, 
and DOM in particular, by H. caerulea, we traced 13C excess in the bulk tissue 
of the sponge and in its fatty acids after supply of dissolved and particulate 
13C-labelled organic substrates. the sponge actually processes both DOM and 
particulate organic matter (POM), showing a similar 40:60 respiration:as-
similation ratio as was observed previously. to the best of our knowledge, we 
provided the first direct evidence of bulk DOC processing by a sponge. A clear 
quantitative preference of sponges for particulate over dissolved food could not 
be assessed, except for glucose, which seemed to be an unpreferred substrate. 
the other substrates seem to be processed by the sponge proportionally to the 
availability of the source.

Sponges, such as the three studied cavity sponges, contain numerous associated 
bacteria, which may be potentially very important in the processing of food 
(especially DOM) of the sponge-microbe association. Patterns of 13C-enrich-
ment in fatty acid biomarkers from sponges revealed that dissolved organic 
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13C assimilation was both direct and bacteria-mediated, as tracer carbon was 
recovered both in bacteria-specific and non-bacterial fatty acid. Carbon transfer 
between bacteria and sponge was not evident after 1 hour of incubation within 
the following 5 hours, but exchange or reallocation after a longer period of 
time could not be excluded.

Assimilated carbon may be used for reproduction or for the production of 
secondary metabolites, but may also be involved in a high turnover of matter. 
Indeed, a rapid turnover of matter within the cryptofaunal communities is 
likely, due to the combination of high rates of nutrient cycling and the high 
competition for space in coral cavities. By examining in vivo cell kinetics of 
the marine sponge Halisarca caerulea under steady state conditions, we found 
that the sponge shows an extremely high proliferation activity, a short dura-
tion of the cell cycle, and massive cell shedding. this corresponds well with 
the observed discrepancy between the high assimilation of organic carbon and 
the absence of a corresponding net increase in the sponge biomass. Addition-
ally, the estimated costs of proliferation for this sponge are in the same order 
of magnitude as the organic carbon removal by H. caerulea. Cell turnover is  
predominantly confined to a single population of cells, i.e. the choanocytes, 
which are filtering cells primarily responsible for the uptake of food. Growth 
or cell proliferation must be counterbalanced by mechanisms of cell loss. Apop-
tosis, or programmed cell death, only plays a minor role. In contrast, similar to 
the shedding of absorptive cells lining the crypts of the human colon, the “old” 
cells of the sponge are being shed into the lumen of the choanocyte chambers 
and transported outside. to our knowledge, such fast cell kinetics in combina-
tion with high cell turnover by shedding in the sponges have not been observed 
previously in any other multi-cellular organism. the duration of the cell cycle 
in vivo resembles that of some uni-cellular organisms in culture. Morphological 
studies strongly suggest compartmentalisation of choanocytes in the sponge 
tissue. the functional morphology of the sponge H. caerulea corresponds 
well with its remarkable cellular kinetic behaviour. Both the kinetics and the 
functional organisation of the sponge show a striking resemblance with colonic 
tissue of the mammalian or human gastro-intestinal tract. 

thus, evidently sponges are involved in the extensive processing of DOC on 
coral reefs. Still, several relevant questions remain unanswered. How are other 
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elements, such as nitrogen (N) and phosphorus (P), processed within coral 
cavities? What is the function of other cavity communities? And what is the 
role and function of coral cavities within the energy budget of the coral reef 
ecosystem? Approximately 90% of an average coral cavity is covered by four 
cavity communities: sediment (sandy bottom), sponge, calcareous algae, and 
bare substrate. Mass balances were constructed for these four communities and 
for the total cavity in an attempt to unravel the puzzle. 

the conventional view on the functioning of coral cavities is that these are the 
key regenerative spaces and hot spots of mineralisation on coral reefs: processing 
particulate organic matter, both living (phytoplankton and bacterioplankton) 
and nonliving (detritus), and releasing inorganic nutrients to the reef. Includ-
ing DOM as a source for coral cavities, we found low mineralisation efficien-
cies for N and P. Coral cavities represent important sinks for predominantly  
dissolved organic C, N, and P, but only play a marginal role in the regeneration 
of inorganic nutrients. the sponge community is the most important sink for 
organic matter on the reef. In our mass balances, we predicted that the major 
pathway for the sponge community is a net conversion of DOM into POM. 
In this respect, the sponge community acts as a blueprint for the coral cavity, 
largely controlling carbon and nutrient fluxes within cavities. Covering on 
average only approximately one quarter of the cavity surface, sponges account 
for approximately three-quarters of the cavity fluxes. this is also reflected in 
the similar respiration (~40%) to assimilation (~60%) ratio for both the sponge 
community and coral cavities, as well as in the predicted net conversion of 
dissolved into particulate organic matter.

the coral reef framework cavities are the major sites for respiration within a 
coral reef ecosystem, representing 27-68% of the gross community respiration 
for an entire reef ecosystem. DOC removal rates were in the same order of 
magnitude as, or even exceed, gross primary production rates for entire coral 
reef ecosystems. DOM is locally produced by, among others, algae and corals on 
the reef. Coral cavities capture DOM, which would otherwise be washed away 
and lost from the ecosystem to the adjacent ocean. Cryptic organisms convert 
DOM as an energy carrier to higher trophic levels in particulate form (POM). 
these particles can, in turn, be used by the inhabitants of the ‘upper’ reef. this 
is a highly efficient recycling of elements, repeated many times. In the open 
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ocean this is in fact the function of the classical ‘microbial loop’, described 
in the eighties of the last century. In this thesis it is concluded that within 
the coral reef ecosystem, this function is performed by a ‘sponge loop’ and 
coral cavities are to be determined as a ‘cryptic carbon shunt’. A thin veneer 
of encrusting sponges is highly efficient, by optimising nutrient input, and 
minimising output. A high turnover of organic matter is a useful strategy for 
the reef to survive in an environment which may be typed as a marine desert. 
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