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Chapter 1 

General Introduction 
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Coral reefs harbour a wide variety of sessile organisms which live close to each other, 

competing for space, light and food. Human activities, such as expansion of coastal 

developments, increase in waste production, over-fishing and deforestation have put 

coral reef ecosystems under increasing pressure. This results in a rapid decrease of 

species diversity and coral cover in many parts of the world (for review see Ginsburg 

1993). The structure of coral reef communities, collectively produced by all organisms 

inhabiting these reefs, is determined by a large set of biological and physical factors. 

These factors can roughly be divided into the following components: 

Competition. Competition is an important factor in structuring communities (reviews in 
Connell 1983; Schoener 1983). For sessile organisms space is an limiting factor (Dayton 
1971). This is most evident for encrusting species when growth is halted by the physical 
presence of another species or when one of the neighbouring organisms overgrows part 
or all of the other (Jackson 1983). Overgrowth and mutual cessation of growth are very 
common phenomena on hard substrata (Karlson 1980; Suchanek et al. 1983). 
Differences in competitive ability among species may form either a hierarchical 
sequence (Lang 1971, 1973) or a network without absolute competitive dominants (Buss 
& Jackson 1979; Bak et al. 1982; Sebens 1986). Competitive superiority of one species 
over another is not always absolute as reversals often occur between competing 
individuals (Karlson 1985; Chornesky 1989; Rinkevich et al. 1994). The relative degree 
of adaptation to a given environment among competing species likely controls 
competitive outcome. Physical aspects of the environment greatly influence competitive 
outcome as they affect growth or survival of competing individuals. In environments with 
minor influences of prédation and disturbances, the presence of networks and/or 
reversals appear to be responsible for maintenance of species diversity. Extreme 
changes in a given physical environment through anthropogenic or natural disturbances 
may result in the dominance of one species or species group, thereby influencing the 
species composition and community structure. Communities frequently or continuously 
confronted with disturbances can be characterized by a low species diversity (Connell 
1976; Bak& Povel 1988). 

Prédation. The most important predators on reefs are polychaetes, prosobranch 
gastropods, opisthobranchs, decapods, sea urchins, starfishes and fishes. 
Representatives of these groups have been observed feeding on corals, sponges, 
bryozoans, ascidians and algae. Predators can have a strong effect on the structure of 
communities. Substrata protected from grazing show an increasing algal biomass 
followed by a change in algal species composition (Lassuy 1980; Montgomery 1980). 
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Grazing activities by herbivores can promote growth of sessile organisms by preventing 

them from being overgrown by fleshy algae, by providing available substrate for 

settlement of invertebrates (Birkeland 1977; Morse 1992) or by stimulating competitive 

reversals (Steneck et al. 1991). Prédation can be partial or complete, resulting in prey 

injury or prey death (Bak & Engel 1979; Jackson 1983; Bak & Meesters 1998). Damaged 

areas brought about by prédation, may be rapidly colonized by algae or other animals 

(Jackson 1977; Bak & Engel 1979; Bak & Steward-van Es 1980; Palumbi & Jackson 

1982; Meesters et al. 1996; Meesters et al. 1997). If these recruits are superior 

competitors to the remaining original inhabitants, partial mortality may result in a greater 

harm than the initial tissue loss through prédation might imply. Such losses can be 

prevented by a rapid tissue regeneration. Thus, by determining the sensitivity towards 

prédation, the regenerative ability of an organism may influence its distribution and 

abundance. Regeneration of damage varies widely between different species of 

sponges, corals and bryozoans and is affected by colony size, lesion size and lesion 

position (Bak 1983; Hoppe 1988; Meesters et al. 1992, 1996, 1997). 

Physical factors (sedimentation, light). Sedimentation is a major controlling factor in 

the distribution of reef organisms (Cortes & Risk 1984; Hubbard 1986). It can radically 

alter the distribution of reef organisms by influencing the ability of their larvae to settle 

and survive (Birkeland 1977; Rogers et al. 1984). Smothering by sediments can lead to 

an organism's death, although the susceptibility to sedimentation appears to be very 

species specific as species differ in their abilities of sediment rejection (Bak & 

Elgershuizen 1976; Lasker 1980; Rogers 1983). Growth is a process which can be 

altered by environmental conditions. Because corals and associated zooxanthellae 

depend on light for rapid deposition of calcium carbonate, sedimentation can negatively 

influence coral growth (Bak 1978; Chalker 1981; Davies 1991). Growth inhibition may 

also be caused by increased energy expenditure for sediment rejection (Edmunds 

1989). Because of the structural complexity of reefs and the numerous factors affecting 

coral growth and survival it is difficult to ascribe observed differences in coral community 

composition to different sedimentation rates. However, the following points may be 

hypothesized comparing reef zones with heavy sedimentation (whether from natural 

processes or human activities) to areas with less sedimentation (Rogers, 1990): 1) lower 

species diversity, with some species absent; 2) reduced live coral cover; 3) abundance 

of forms and species with greater resistance to sediment smothering or reduced light 

levels; 4) decreased colony size, because large colonies have relatively reduced 

efficiency at rejecting sediments; 5) low abundance of recruits, because sediments limit 

recruitment; 6) lower growth rates; 7) an upward shift in depth zonation 
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Research objectives and outline of the thesis 

To improve our understanding of dynamics and change in coral reef communities, the 

expected responses of coral reef organisms to increasing levels of anthropogenic 

disturbances need to be studied. Although the effects of natural and anthropogenic 

disturbances (disturbances are often designated with the term "stress") on coral reef 

communities have been studied extensively, such studies mainly focused on species 

diversity and cover (e.g. Connell 1997) without understanding the influence of stress on 

specific and structuring processes. This study was initiated to evaluate the influence of 

stress on one of the processes structuring coral reef communities: competition. I focused 

on competition between corals and sponges because both groups are important space 

occupants on reefs. The existing hypothesis predicts that increasing anthropogenic 

disturbances, resulting in higher levels of organic pollution and sedimentation, will have 

a negative impact on corals (Pastorok & Bilyard 1985; Rogers 1990) whereas the 

influence can be positive in sponges (Wilkinson & Cheshire 1990). An array of biotic and 

abiotic factors have been identified as having a modulating influence on the outcome of 

coral/coral interactions, but so far no attention has been paid to the influence of 

environmental conditions on outcome and occurrence of sponge/coral interactions. Most 

studies on sponge/coral interactions focused on only one sponge species and 

investigated effects on physiological aspects of the coral, such as respiration and 

photosynthetic rates (Porter & Targett 1988) and coral growth (Sullivan et al. 1983). Only 

once a relation has been reported between increased occurrence of coral overgrowth by 

a sponge in pollution- stressed areas (Rützler & Muzik 1993). 

In the present study, the main hypothesis related to physically stressed reef 

communities is that in such conditions coral health and thus competitive ability will 

decline, giving competitive advantage to sponges, eventually enabling sponges to 

outcompete corals. The main questions of this thesis are: 

- Is competitive success of sponges, in terms of coral overgrowth, increased in 

physically stressed environments? 

- What are the dynamics of sponge/coral interactions? 

- Which competitive mechanisms make sponges potentially successful in spatial 

competition? 

Two Caribbean reef systems, with different environmental conditions, were chosen as 

study area for this thesis. The reefs of the Santa Marta area, NE Colombia (11°15' N, 

740131 vv ) were chosen because they can be characterized as adapted to stress, with 

high sediment load, low visibility and large variations in pH, salinity and temperature. 

During the dry season, i.e. from December to March, the predominantly north-eastern 

trade-wind causes upwelling, with cold water temperatures dropping to 21 °C and 
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salinity's rising to 37 %0 (Zea, 1987). During the rainy season the temperatures can 
increase to 30°C and the influence of freshwater from the Rio Magdalena and the 
Cienaga Grande de Santa Marta, can cause a decrease in salinity to 29 %0 or less 
(Bula, 1977; Müller, 1979). Due to a combination of above mentioned circumstances and 
relative high sediment loads through terrigenous effluents, the coastal reefs of Santa 
Marta are not as well developed as in other areas of the Caribbean (Von Prahl & Erhardt, 
1985; Zea, 1994). They are very suitable to compare with the reefs of Curaçao. The 
fringing reefs surrounding the island of Curaçao (12°11' N, 69°0' W) are relatively well 
developed and lack extreme physical disturbance. Sea temperatures range between 25-
29°C, reaching highest values during the dry, calm summer (August till October). After 
rare heavy rainfalls runoff is causing local turbidity over the reef. The overall influence of 
fresh water and changes in salinity are negligible (van Duyl, 1985). 

Sponge/coral encounters were quantified along a gradient of physical stress on the 
Colombian reef to test the main hypothesis that coral overgrowth by sponges increases 
in physically stressed environments (Chapter 2). Because the competitive outcome of 
encounters between sponges and corals is not always visible, i.e. occurring during the 
actual observations, and corals can be affected in non contact situations (Porter & 
Targett 1988), 4 categories of encounters were defined. These included: 1) overgrowth, 
i.e. the sponge is growing over coral tissue, 2) peripheral growth, i.e. the sponge is in 
contact with and growing parallel to coral border tissue (contact area > 3 cm), 3) tissue 
contact, with contact area between sponge and coral tissue < 3 cm, and 4) non contact 
interactions, with a maximum distance of 5 cm between sponge and coral. Interaction 
number 2, 3 and 4 are considered as stand-off interactions, because there is no visible 
winner or loser. I observed the relation between overgrowth success and environmental 
stress and calculated overgrowth frequencies to detect species specific differences in 
competitive ability. Coral overgrowth by sponges, occurrence and categories, was also 
quantified on the reefs of Curaçao and compared with observations from the Colombian 
reefs. This to assess whether environmental stress directly influences the frequency of 
coral overgrowth by sponges when looking on a larger spatial (= geographical) scale 
(Chapter 3). In addition to studying the impact of the physical environment on coral 
overgrowth by sponges, I determined the role of biological factors, such as coral cover 
and species composition, in a comparison of the overgrowth data of Colombian and 
Curaçao reefs. 

The most visible form of spatial competition occurs as direct overgrowth of organisms. 
However, stand-off interactions, such as peripheral contact, tissue contact and non 
contact interactions, were most commonly observed on the reef (Chapter 2, 3). It is 
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unknown if any interactive exchange occurs in these stand-offs and to understand the 
importance of stand-off interactions for the coral reef community, the following questions 
were addressed: What are the dynamics of sponge/coral stand-offs? Do environmental 
conditions play a role in the outcome of stand-off interactions? To answer these 
questions, selected sponge/coral stand-offs, involving the sponges Niphates erecta, 
Raphidophlus venosus and Scopalina ruetzleri and the coral Montastrea cavernosa, 
were studied at three sites on the Colombian reef (Chapter 4). These interactions were 
followed over a 15 month period by means of photographic sampling. Analysing the 
separate photographs, I recorded the changes in the coral border (as number of polyps 
along the coral border), the sponge area within the photoframe and the minimum 
distance between the interacting sponge and coral. 

Several field studies have revealed that regeneration of coral damage is influenced by 
environmental conditions (e.g. Meesters et al. 1992; Meesters & Bak 1993; Van Veghel & 
Bak 1994; Ward 1995). Available energy for individual colonies is often limited (e.g. Bak 
1983) and must be divided between several biological functions. In case of damaged 
corals, damage repair may locally reduce the competitive ability of the coral. In chapter 4 
the impact of direct coral damage on the interaction process between the sponge 
Rhaphidophlus venosus and the coral Montastraea cavernosa was determined using 
experimentally damaged individual coral colonies. Experimental lesions were located 
approximately one polyp (= 5-10 mm) away from the outer coral tissue boundary, leaving 
an area of living coral tissue between the damaged coral surface, the coral boundary 
and the sponge tissue. The reaction of both sponge and coral species was followed 
through time by photographic sampling of each interaction. Localities with different 
sedimentation load were compared to assess the possible relation of sedimentation 
stress and the reaction of sponge and coral to the artificial damage. 

The competitive mechanisms employed by coral species has been extensively studied 
(see review by Lang & Chomesky 1990), but such mechanisms are poorly known for 
sponge species. Although most sponge species possess toxic substances which can 
affect neighbouring organisms, direct evidence for the use of these chemicals in 
competition for space remains controversial. In this study I set out to determine whether 
sponge toxicity is related to overgrowth success (Chapter 5). The effects of methanol 
extracts and live fragments of 6 different sponge species on the polyp activity of the coral 
Madracis mirabilis were tested under laboratory conditions. The sponge species 
Anthosigmella varians, Aplysina cauliformis, Desmapsamma anchorata, Ircinia felix, 
Niphates erecta and Scopalina ruetzleri were chosen for these experiments, because of 
their range of different competitive abilities. The results of the toxicity experiments with 
these sponges were compared to the overgrowth frequencies observed in the field. 
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To determine whether specific life history characteristics account for differences in 

competitive ability among sponge species, features such as occurrence, growth, 

regeneration, spatial interactions, anti-predation and anti-fouling mechanisms were 

studied for individual sponge species and related to their overgrowth success. The main 

question is: what ecological aspects or combination of aspects favour overgrowth 

success? The competitive mechanism of three different types of sponge species was 

studied, opportunistic (Desmapsamma anchorata, Chapter 6), long-lived (Niphates 

erecta, Chapter 7) and excavating (Anthosigmella varians, Chapter 8). Overgrowth 

success was determined quantifying overgrowth of corals, sponges and other reef 

organisms by each sponge species studied. 

A summary and conclusion discussing the results of the various investigations 

constitutes the last part of this thesis. 


