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CHAPtER 1   
General introduction
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coral rEEf EcosystEms

“(…) every one must be struck with astonishment, when he first 
beholds one of these vast rings of coral-rock, often many leagues in 

diameter, here and there surmounted by a low verdant island 
with dazzling white shores, bathed on the outside by the foaming  

breakers of the ocean, and on the inside surrounding a calm expanse of water, 
which, from reflection, is of a bright but pale green colour. the naturalist will 

feel this astonishment more deeply after having examined the  
soft and almost gelatinous bodies of these apparently insignificant creatures, 

and when he knows that the solid reef increases only on the outer  
edge, which day and night is lashed by the breakers of  

an ocean never at rest.”
Darwin, Charles R. (1842)

When viewing upon the underwater structures built of limestone and inhab-
ited by numerous colourful creatures for the first time, one can understand, 
naturalist or not, the emotion Charles Darwin expressed after his first encoun-
ter with the coral reef ecosystem on his voyage with the Beagle. But the coral 
reef is not only astonishing to observe. From an ecological point of view, it is 
also one of the most productive ecosystems on earth. the impressive limestone 
constructions possess only a thin layer of living organic material. Hatcher 
(1997a) compared this bioactive layer (in terms of biomass) to “a large jar of 
peanut butter (…) spread over each meter of reef”. Nonetheless, gross primary 
production (P) ranges from 2-40 g C m-2 d-1 (Kinsey 1983, 1985; Hatcher 1988), 
with a ‘standard’ reef flat P-value of 7 ± 1 g C m-2 d-1 (Kinsey 1983). these values 
are in the upper range of highest sustainable yields possible from (land) plants 
(Larkum 1983). Paradoxically, the tropical reef is surrounded by waters con-
taining very low concentrations of nutrients (Crossland 1983), like an “oasis in 
the desert” (Odum 1971). For decades a major question to understand coral reef 
ecosystems has been: How can such a relatively highly productive ecosystem 
occur in these oligotrophic conditions? In order to answer this question it is 
important to be aware that the metabolic rate of the reef is determined by the 
balance between gross primary production (P) and community respiration (R). 
the biogeochemistry of a reef system is dominated by processes like photosyn-
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thesis, calcification and community respiration, which are determined by the 
dynamics of nutrient fluxes (Kinsey 1985). For coral reef ecosystems a remark-
able consistency exists between their estimated net (or excess) community 
productions (E, i.e. E = P - R), which is approximately zero. the net gain (or 
loss) of matter within the systems is, thus, very low (Hatcher 1990; Crossland 
et al. 1991). In fact, the net production by reefs and their surrounding waters 
indicates that the excess production by coral reefs is similar to that found  
in oligotrophic plankton communities in the oceans (Crossland et al. 1991).  
A highly productive, oligotrophic ecosystem has a high demand of nutrients, 
which is met by highly efficient systems of nutrient trapping, uptake and  
recycling. In addition, there is plenty of nutrient supply from the surrounding 
ocean. Although the oceanic waters hold very few nutrients per volume, an 
enormous volume of flowing water constantly replenishes the reef (Atkinson 
1988). 

 the metabolic rate of a coral reef ecosystem is reflected in the balanced 
values of flows of consumption and excretion of elements or compounds by 
different communities within the reef. the main elements contributing to reef 
primary production, or the autotrophic part of the reef, are the zooxanthel-
lae of symbiotic animals like corals, the benthic algae, the seagrasses, and 
the phytoplankton. Organic matter produced by this part of the reef is then 
incorporated in the heterotrophic food web, together with external sources of 
organic matter. the latter include trapping of plankton from the ocean by “a 
wall of mouths”, represented by coral reef fish and suspension feeders (Hamner 
et al. 1988), or land-based sources like terrestrial run-off (Furnas et al. 2005).  

the major part of the organic matter introduced into the food web 
- produced by benthic plants in coastal marine communities, and on reefs also 
by symbiotic animals (coral mucus) - is dead matter, or detritus (Alongi 1988). 
More than 80% of organic matter would pass via the “detritus chain”, in the 
form of dissolved organic matter, organic aggregates (marine snow) and detritus 
(Sorokin 1993).
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dissolvEd organic mattEr in thE coral rEEf watErs

the total pool of organic matter consists of two main sub-pools: the  
particulate and the dissolved organic matter fraction. In the oligotrophic 
tropical waters, the particulate organic matter (POM) fraction consists mainly  
of phytoplankton and bacterioplankton (Ayukai 1995; Richter et al. 2001).  
the POM fraction represents less than 3% of the total organic matter pool 
(Benner 2002). the other 97% consists of dissolved organic matter, which is,  
in turn, the largest standing stock of carbon in the oceans (Martin and  
Fitzwater 1992). technically, dissolved organic matter (DOM) does not have to 
be truly ‘dissolved’. It is a fraction operationally defined as the organic carbon 
passing through a fine filter, typically GF/F, with a pore size of approximately 
0.8 µm (Benner 2002; Carlson 2002). Carbon is the most common currency for 
analysis of matter, because it is the major component of all organic material. 

In coral reef and lagoon waters the concentration of DOC is usually 
elevated as compared with DOC levels in surrounding ocean surface waters 
(Johannes 1967; Ducklow 1990; torréton et al. 1997). this indicates that 
the production of DOC on the reef exceeds the losses (van Duyl and Gast 
2001). Sources of DOC are corals in the form of mucus (Richman 1975; Wild 
et al. 2004), or free amino acids (Schlichter and Liebezeit 1991). Algae also 
release DOC as products of photosynthesis (Mague et al. 1980; Zlotnik and 
Dubinsky 1989). the primary consumers of DOM are bacteria (Fenchel 1988), 
mediating the organic matter through the microbial loop (Azam et al. 1983). 

DOC measurements in coral reef waters are scarce due to methodological 
constrains. Moreover, the informative value of data is limited since the largest 
part of DOC (70-80%) is an inert or refractory fraction, and only the smaller 
labile fraction is readily available for bacteria (Carlson 2002) and possibly other 
‘DOC-feeders’ as well. 
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bEnthic-pElagic coupling: grazing on coral rEEfs

the importance of detritus as a stock of organic matter in reef trophodynamics 
was already stressed by the first investigators of this problem (Odum and Odum 
1955). they pointed out the abundance of filter feeders in reef benthic com-
munities and the dominance of the detrital mass in their guts. It is therefore 
remarkable that the role of the detritus pathways is still largely unknown. 
What we do know is that the microbial community plays an important role in 
the decomposition and recycling of dissolved organic matter in the oceans and 
on coral reefs through the so-called ‘microbial loop’ (Azam et al. 1983). 

Communities of microorganisms form virtually isolated food webs in the 
water column over coral reefs (Ducklow 1990). Bacteria recycle organic matter 
efficiently, and as a result little of this bacterial production moves up to larger 
members of the reef food web. However, coral reefs are inhabited by an abundant 
fauna of filtering organisms. About half of the reef benthic animals are filter  
feeders, or suspension feeders. Initially, it was hypothesised that grazing on  
plankton by filter or suspension feeders was indeed a way to receive “new”  
nutrients on the reef, but mainly in the form of larger zooplankton (Glynn 1973). 
However, in addition to zooplankton and phytoplankton, these organisms can 
effectively filter bacterioplankton from the water column (DiSalvo 1971; Buss  
and Jackson 1981). Moreover, smaller-sized plankton (<10 µm) are the main  
component of plankton communities in coral reef waters (Ferrier-Pagès and  
Gattuso 1998). Organic matter can thus enter the reef food web via the microbial  
link, making bacterioplankton a key component in reef trophodynamics (So-
rokin 1993). 

Only recently the significance of capturing plankton, termed ‘grazing’, 
by the Great Barrier Reef of Australia has been quantified (Ayukai 1995).  
In a later study, yahel and co-workers (1998), found a significant depletion of 
phytoplankton over the Red Sea reefs in the Gulf of Aqaba. the dominant  
grazers in marine benthic environments are bivalves, polychaetes, ascidians, 
and sponges (Riisgård and Larsen 1995). Due to their abundance and ability to 
filter huge volumes of water in time, they are considered to play a key role in the 
benthic-pelagic coupling in their ecosystems (Gili and Coma 1998). Plankton is 
a major source of nitrogen for the coral reef benthos (Ribes et al. 2003) and its 
removal is controlled by ascidians and sponges (Ribes et al. 2005). 
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A significant part of the particulate organic matter pool consists of bacterio-
plankton, although for a long time, not much was known on the distribution 
and function of these very small-sized (<2 µm) plankton particles. On the 
Caribbean reefs of Curaçao, the concentration of bacteria in the water column 
overlying the reef declines near the bottom (Gast et al. 1998). Moreover, water 
collected from coral reef framework crevices, formed by the three-dimensional 
structure of the reef showed an even further depletion in bacterial numbers 
(Gast et al. 1998). this work, together with earlier studies on the coral reef 
framework and its biota revealed a hitherto overlooked part of the coral reef 
ecosystem. this is very remarkable, since this part represents the largest habitat 
of the whole coral reef ecosystem and consequently could have a major impact 
on the element cycling and overall functioning of the whole ecosystem. 

thE rEEf framEwork

“the variety of life on the surface of a coral reef holds one’s  
attention so completely that it takes considerable experience to  

realize that most of the bulk volume of reefs is empty space. However, the 
cavities of coral reefs are by no means just empty space. they  

are an integral, perhaps even essential, element of the  
reef ecosystem.”

  Ginsburg, Robert, N. (1983)

Even two decades later, one of the few papers written on the coral framework 
started with the following sentence: “Framework cavities are the largest, but 
least explored coral reef habitat” (Richter et al. 2001), referring to the work 
of Ginsburg cited at the opening of this chapter. this is not without reason, 
since the reef framework consists of highly complex and highly variable and  
irregular three-dimensional structures of cracks, holes, overhangs, cavities, and 
caves, which makes it indisputably difficult to study. However, it does not imply 
that information on the cryptic habitat is absent. Garrett and co-workers (1971) 
described the complex and irregular cavity systems and how these resulted 
from the growth forms of massive corals. Cavities can also be formed by roof-
ing of spaces between coral colonies and by curtain-like growth of individual  
colonies (Jackson et al. 1971). Large caves and tunnels (up to five meters high  
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and ten meters long) are formed by combination of vertical and horizontal 
growth - in mushroom shapes - of corals (Zankl and Schroeder 1972).  
Generally, the cryptic habitat encompasses all the interstitial spaces of the  
reef, ranging from size classes of just a few microns (the pores of the sediment),  
to centimeters (tubular intra-skeletal cavities made by worms and boring 
sponges), to meters (framework cavities and (sub) marine caves). the volume 
of the framework has been estimated to be more than three-quarters (75-
90%) of the total volume of the reef (Ginsburg 1983). In terms of surface area,  
the cavity walls show a large internal surface, estimated to be up to eight 
times the surface of the projected planar reef (Richter et al. 2001; Scheffers  
et al. 2004). 

cavity organisms or ‘coElobitEs’

the cavity walls are inhabited by a thin veneer of shade-loving organ-
isms like sponges, coralline algae, bivalves, and foraminifera, only a 
few millimeters in thickness (Garett et al. 1971). these organisms are 
referred to as ‘cryptofauna’ (Peyrot-Clausade 1974) or ‘coelobites’ (Ginsburg 
and Schroeder 1973), and the numerous (and still incomplete list of) species 
have been subject to many studies (e.g. vasseur 1977; Buss and Jackson 1979; 
Jackson and Winston 1982; Logan et al. 1984; Meesters et al. 1991; Wunsch  
et al. 2000). 

In addition, the cavity floor is covered with coral sand containing 
sediment dwellers like crustaceans, worms and, mostly, bacteria (DiSalvo 1971; 
Ginsburg 1983). the biomass of the cryptofauna might even exceed that of  
the reef surface (Hutchings 1974). the abundance of coelobites is extremely 
high, covering on average 93-99% of the cavity walls (Jackson et al. 1971; 
Richter and Wunsch 1999; Scheffers et al. 2004). Due to this abundance there  
is a high competition for space and resources within the cavity system (Buss  
1979). Only a small fraction of the cryptic habitat receives sufficient light for  
photosynthesis. therefore, most coelobites are heterotrophic filter or suspension 
feeders, depending on organic matter from outside the framework (Ginsburg  
1983). 
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biogEochEmical cycling in thE rEEf framEwork

the large area of the cryptic habitat, together with the abundance of cryptic 
organisms provides a potentially important interface in the exchange of ma-
terials between the framework of the reef and the overlying water column. 
Several studies showed a depletion of particulate organic matter in the form  
of bacterioplankton (Gast et al. 1998; Scheffers et al 2004), and phytoplankton 
(Richter et al. 2001), in the reef framework as compared with the overly-
ing water column. Moreover, the cryptic habitat shows signs of respiration,  
like oxygen depletion (DiSalvo 1971) and dissolved inorganic carbon (DIC) 
release (tribble et al. 1988). Also, the framework is a source of inorganic  
nutrients (DiSalvo 1974; Andrews and Müller 1983; tribble 1988; Gast et al.  
1998; Rasheed et al. 2002). It is assumed that the depletion in organic carbon and  
the elevated inorganic nutrient concentrations are due to extensive decomposi-
tion and mineralisation of organic matter by the cryptic organisms and the reef 
sediment (Richter et al. 2001; Rasheed et al. 2002; Scheffers et al. 2004). 
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