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CHAPtER 2   
Objectives and outline
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thEsis objEctivEs

Coral cavities are among the largest and least explored habitats in coral 
reef environments. Hardly anything is known about the ecological role of 
this cryptic habitat in the carbon cycling on the reef. the large area of the 
cryptic habitat and the high degree of cover by encrusting organisms provide  
a potentially important interface in the exchange of material between the  
cavities and the overlying water column. At the level of the ecosystem, coral 
cavities are significant sinks of phytoplankton (Richter et al. 2001) and bac-
terioplankton (Gast et al. 1998), making up the major part of the particulate  
organic carbon (POC) in tropical reef waters. However, by far the largest  
component (>97%) of organic matter is dissolved  organic  matter (DOM)  
(Benner 2002), which,  in turn,  is  the  largest  carbon  standing  stock  in  the  oceans  
(Martin and Fitzwater 1992). DOC may also be a potential carbon source for  
the cavity and its marine benthic invertebrates but this has never been addressed  
in this respect. the cavity biota consists predominantly of sponges.

the goals of the PhD project which forms the basis of this thesis were  
to determine the role of DOC as a carbon source for coral cavities, and to link 
the fluxes of carbon and nutrients to the activity of the surface-dominating 
cavity communities, in particular the cavity sponges. An additional aim was  
to study the hypothesised crucial role and function for the cryptic habitat  
in the carbon and nutrient cycling within the coral reef ecosystem. to achieve 
these goals, several steps were taken to unravel this puzzle.

thEsis outlinE

Chapter 3 - Coral cavities are sinks of dissolved organic carbon

the potential importance of DOC in the carbon budgets of coral 
cavities and for the cryptofauna has been discussed (Richter et al. 2001;  
yahel et al. 2003; van Duyl et al. 2006), but has yet not been determined. 

In this study our main questions are: Are coral cavities sinks of 
DOC? And if so, is DOC a quantitative important source of carbon for coral 
cavities? We studied the removal of DOC by coral cavities of 50-250 dm3  
at a depth range of 5-17 m along the coral reefs of Curaçao, Netherlands Antilles, 
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and the Berau area, East Kalimantan, Indonesia. We compared the concentra-
tion of DOC and bacterial abundance between cavity water and overlying reef 
water in 19 cavities on the fringing reefs of Curaçao and 21 cavities on differ-
ent types of reefs in the Berau area, East Kalimantan, Indonesia. to determine 
DOC uptake rates, we closed cavities in both areas and followed the removal 
of DOC over time and compared that with the removal of bacterioplankton 
carbon (BC). We estimated fluxes of DOC and BC for the cryptic habitat. the 
biodegradability of DOC was determined in a series of bioassays with ambient 
reef water bacterioplankton as key DOC consumers.

Chapter 4 - Major bulk dissolved organic carbon removal by encrusting coral 
reef cavity sponges

Sponges, which represent the dominating cryptic community, are very  
efficient suspension feeders, feeding on a wide variety of types and sizes of 
plankton. they prefer particles smaller than 2 µm (Pile et al. 1996, Ribes et 
al. 1999, Kötter and Pernthaler 2002), but the qualitative and quantitative role 
of dissolved organic matter (DOM) as food source for sponges is still debated. 
Generally, only sponges containing associated bacteria are assumed to be capa-
ble of utilising DOC (Frost 1987, Ribes et al. 1999). yahel et al. (2003) were the 
first to show that DOC intake by the sponge Theonella swinhoei accounted for 
more than 90% of the total organic carbon intake. 

In this study we investigated the role of three encrusting coral cavity 
sponge species, Halisarca caerulea, Mycale microsigmatosa and Merlia nor-
mani, in the removal of DOC and bacterioplankton carbon. the concentrations 
of DOC and BC were monitored in situ, using incubation chambers. For H. 
caerulea, the fate of organic carbon was further studied by measuring dissolved 
oxygen consumption and dissolved inorganic carbon release.

Chapter 5 - tracing 13C-enriched dissolved and particulate organic carbon 
in the bacteria-containing coral reef sponge Halisarca caerulea: Evidence for 
DOM-feeding

In incubation experiments in situ, ~40% of the removed DOC by the sponge 
Halisarca caerulea was found to be respired, whereas ~60% of the carbon 
is assimilated (De Goeij et al. 2008a). However, virtually no data are avail-
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able on the actual utilisation, partitioning, and possible translocation of 
natural diets, like DOM or particulate food sources, between sponge cells and 
sponge-associated bacteria. Fatty acid biomarkers have been repeatedly used  
as source-specific (i.e. prokaryotic or eukaryotic specific fatty acids) indicators 
of dissolved and particulate organic matter both in environmental and food 
web studies (e.g. Canuel et al. 1995; Hall et al. 2006).

In this study, the uptake and processing, or carbon flow pathways, of 
DOC as compared with particulate sources of nutrition in sponges were aimed 
to be unraveled. We examined the assimilation and respiration of stable carbon 
isotope-enriched substrates by the sponge Halisarca caerulea. the assimilation 
and respiration of the 13C-enriched substrates glucose, algal derived dissolved 
and particulate organic matter (diatom-DOM and -POM), and bacteria was 
followed in 1 and 6 h incubations. In addition, we followed 13C-enrichment 
in fatty acid biomarkers to elucidate sponge-associated-bacteria-mediated 
versus direct sponge uptake of DOM, glucose, POM, and bacterioplankton for 
Halisarca caerulea. 

Chapter 6 - Cell kinetics of the marine sponge Halisarca caerulea reveal  
rapid cell turnover and shedding

For the cavity sponge Halisarca caerulea a major discrepancy was found 
between the high amount of organic carbon assimilated by the sponge (35-
40% body C d-1) and the low net increase of biomass by the sponge (close 
to zero). this organic carbon may be used for reproduction activities or the 
production of secondary metabolites, but may also point to a high turnover 
of matter. Moreover, sponges have a high plasticity, or regeneration capacity, 
with up to 2,900 times the normal growth rate after tissue damage (Ayling 
1983) and a high telomerase activity (Koziol et al. 1998). Both features  
imply the potential for a relatively rapid cell proliferation. Since sponges  
have an integrated multicellular organisation they should have control mecha-
nisms for rates of cell proliferation and cell death to maintain homeostasis  
in the various cell populations. Sponges are considered to be the oldest, still 
existing metazoan phylum and to function as an important link between  
a unicellular and multicellular way of living (Müller 1998). Sponges ought to  
have an appropriate functional organisation for the processing of enormous 
amounts of nutrients from the water column. However, the required struc-
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tural and functional characteristics of the sponge, such as the gain and loss of  
different cell types and compartmentalization in the sponge anatomy, are  
largely unknown.

the major discrepancy of organic carbon uptake in relation to growth 
found in H. caerulea and, subsequently, the lack of knowledge on in vivo  
growth characteristics of sponges, prompted us to investigate the process of 
cell turnover in this sponge. to investigate the cell kinetics in H. caerulea we 
labelled the sponge tissue in vivo with 5-bromo-2’-deoxyuridine (Brdu) and 
analysed the cell kinetic parameters using immunohistochemical staining 
of Brdu in tissue sections. In order to study cell loss we determined in vivo 
apoptosis by immunohistochemical staining of sponge tissue using an antibody 
against active Caspase-3. Furthermore, general and immunohistochemical 
staining methods were used to gain more insight in the structural organisation 
and cell turnover in sponge tissue.

Chapter 7 - Element cycling on tropical coral reefs: the cryptic carbon shunt 
revealed.

the Chapters 3-6 will evidently lead to a concluding chapter for the coral reef 
framework ecosystem. And the crucial question: “who ‘s done it?” has been posed 
many times, but has yet to be answered. the conventional and well-established 
view on the functioning of coral cavities is that these are the key regenerative 
spaces and hot spots of mineralization on coral reefs, processing particulate 
organic matter and releasing inorganic nutrients (tribble et al. 1988; Richter et 
al. 2001; van Duyl et al. 2006). the removal of organic matter and the release 
of inorganic nutrients by the coral reef framework have always eagerly been 
ascribed to decomposition and remineralization processes of the cryptofauna 
(Richter and Wunsch 1999; Richter et al. 2001; van Duyl et al. 2001; Scheffers 
et al. 2004, 2005; van Duyl et al. 2006). However, at the community levels (i.e. 
the dominant coelobites groups) information on carbon and nutrient fluxes is 
scarce. In fact, to date, no data is available on the turnover rates of cryptofau-
nal communities in this regenerative space. Because of the fierce competition 
within the cryptic habitat, it is suggested to be rapid (Hutchings 1983). Cavity 
sponges have been shown to remove substantial amounts of organic carbon 
from the overlying water column (De Goeij et al. 2008a). However, as previ-
ously described, an average coral cavity is made up of four surface dominating 
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communtities, accounting together for almost 90% of the total surface area 
(tSA) (Scheffers 2005; van Duyl et al. 2006). According to cover percentage of 
the tSA these communities include: (1) the coral sandy bottom or ‘sediment’, 
(2) the sponges, (3) the coralline algae, and (4) the uncovered coral rock or ‘bare 
substrate’. 

In this study, we examined the role of the framework cavities in the car-
bon and nutrient cycling on the coral reef ecosystem by quantifying net fluxes  
of organic and inorganic matter. Furthermore, the relative importance of  
the four dominant cavity communities in framework nutrient cycling was  
assessed. We constructed mass balances for C, N, and P for coral cavities  
and the sponge and sediment communities to unravel the functioning of  
cavities and the cryptic communities. 

Chapter 8 - the cryptic carbon shunt, the sponge loop, and beyond...

this chapter continues with a broader discusson of some of the major results 
from the previous chapters and by giving some considerations, implications, 
and ideas for future work. 

to conclude, I hope to have encouraged you to read on, and to have inter-
ested you for the beautiful, complex and ingenious coral reef ecosystem. 
Especially the largely overlooked and underestimated coral reef framework 
cavities deserve some attention by the reader. I have tried to answer or explain 
some of the many questions raised. What I hope to have achieved even more  
is to have raised many more questions. 
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