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Stellingen behorende bij het proefschrift 

Sponge-coral interactions on Caribbean reefs 

van Lisanne Aerts. 

1) Overgroei van koralen door sponzen is niet gerelateerd aan de mate van 

vervuiling van het zeewater. 

Contra Rützler & Muzik (1993) 

2) Sponzen die toxische metabolieten bezitten gebruiken deze voornamelijk om hun 

positie op het substraat te handhaven in plaats van ruimte te veroveren. 

Contra Jackson & Buss (1975) 

3) Overgroei van koralen door sponzen wordt niet zozeer veroorzaakt door toxische 

stoffen alswel door snelle lineaire groei. 

Dit proefschrift 

4) Het feit dat laboratoriumexperimenten vaak moeilijk vertaalbaar zijn naar de 

situatie in het veld, betekent niet dat ze overbodig zijn. 

5) Agressie van sponzen ten aanzien van koralen neemt toe naarmate de koraal

bedekking toeneemt. Dit is ook toepasbaar voor mensen, hoe hoger de 

bevolkingsdichtheid, hoe groter de criminaliteit. 

6) Het is niet mogelijk te generaliseren over de belangrijkheid van sponzen als 

ruimteconcurrenten op het rif: de concurrentie mechanismen, en daaraan 

gerelateerd succes, van sponzen zijn te variabel van soort tot soort. 

Dit proefschrift 

7) Beschadiging van koraalkolonies dichtbij de rand maakt het koraal kwetsbaar voor 

overgroei door sponzen. 

Dit proefschrift 

8) Gezien het toenemende aantal duikers en de afnemende duur van de opleiding is 

een ecologisch verantwoord duiktoerisme praktisch ondenkbaar. 

9) Het feit dat het menselijk ras verstandelijke vermogens heeft maakt dat hij domme 

dingen doet. 



10) Voor biologen is het gegeven dat studeren en promoveren een investering zou 

zijn voor de toekomst al lange tijd niet actueel meer. De invoering van het 

beurzenstelsel voor AIO's maakt het er niet beter op. 

11) Discriminatie van Nederlanders die op de Nederlandse Antillen werken is een 

politiek verschijnsel. 
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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. 



20 Chapter 1 

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. 



Chapter 2 

Quantification of sponge/coral interactions in a 
physically stressed reef-community, NE Colombia 

Lisanne Aerts & Rob van Soest 

This chapter has been published as: 
Aerts LAM & RWM van Soest (1997) Quantification of sponge/coral interactions in a 
physically stressed reef-community, NE Colombia. Mar Ecol Prog Ser 148: 125-134. 
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ABSTRACT: Coral reef sponges are considered as important space competitors. 
Competitive interactions between sponges and corals often result in overgrowth of the 
coral. It is assumed that sponges are even more successful in environments sub-optimal 
for corals. In order to test the hypothesis that coral overgrowth by reef sponges increases 
when corals are under stress, the frequency of sponge/coral interactions was quantified 
along a gradient of physical stress. At fifteen stations, encompassing five localities and 
three depths (5, 10 and 20 m) along the coast of Santa Marta (NE Colombia), the number 
and categories of interactions were scored in belt transects ( 1 0 x 1 m2). Four categories 
of interactions were distinguished. Physical factors such as sedimentation and visibility 
were measured. 21 coral species and 95 sponge species were encountered in a total of 
3866 sponge/coral interactions. Only 2,5% (96 interactions) consisted of overgrowth of 
corals by sponges. The frequency of such overgrowth depended on the presence of 
particular sponge species, which appeared to be more aggressive towards corals in 
localities with high coral cover, relatively low sedimentation and high visibility. Thus, we 
reject the hypothesis that coral overgrowth by sponges occurs more frequently in 
localities under physical stress. Overgrowth was related to the presence of aggressive 
sponge species, rather than to characteristics of the corals. It is concluded that reef 
sponges differ notably in their competitive abilities. By influencing the sponge community 
composition on the reef, the physical environment may indirectly determine the extent of 
overgrowth of corals by sponges. 

INTRODUCTION 

Space is a limiting resource for sessile organisms living on hard substrata (Dayton, 

1971). This is especially the case on coral reefs, which support a high diversity of benthic 

fauna and flora (Connell, 1976; Jackson, 1977). The ability of a benthic sessile species to 

gain and hold space depends on its competitive ability. Lang (1971,1973) demonstrated 

the existence of an aggressive hierarchy among scleractinian corals. Since then, coral 

interspecific interactions have been intensively studied in the field. It appears that the 

structure of coral/coral interactions is not completely hierarchical, because the outcome 

depends on numerous physical and biological factors (Bak et al., 1982; Bradbury & 

Young, 1983; Logan, 1984). Mechanisms operative in competition differ between coral 

species (reviewed in Lang & Chornesky, 1990) and the competitive hierarchy of corals 

tends only to be transitive when the competing species employ similar competitive 

mechanisms. This transitive hierarchy breaks down when the competing species are 

able to develop other competitive structures, for example sweeper tentacles, making the 

outcome of the encounters dependent both on character of the competing species and 

the environment (Chornesky, 1989). Although the ranking of competitive abilities 

between species often lacks a simple linear hierarchy, those between the major 

taxonomie groups is basically hierarchical (Russ, 1982). 
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In addition to interactions among themselves, corals frequently come into contact with 

sponges. In coral reef communities, sponges play an important role in competition for 

space (Suchanek et al. 1983). Because sponges lack special competitive organs such as 

mesenterial filaments and associated behaviour, they are thought to use their toxic 

substances in interaction with other benthic organisms to actively gain and maintain their 

positions on the substrata. Encounters between sponges and corals usually result in 

damage of the coral (Jackson & Buss, 1975; Suchanek et al., 1983; Sullivan et al., 1983), 

even in non contact situations (Porter & Targett, 1988). Some sponge species are able to 

occupy large reef areas at the expense of corals (Vicente, 1978; Riitzler & Muzik, 1993). 

As nutrients and sedimentation increase on coral reefs, the effect of sponges on corals 

is becoming of increasing importance. Nutrient enrichment may enhance benthic algal 

biomass and primary production in the water column. Increased primary production 

favors benthic filter-feeding organisms, which may out-compete corals (Pastorok & 

Bilyard, 1985). Concerning nutrient and sediment increase, sponges and corals can be 

seen as opposites, with sponge biomass increasing and coral biomass decreasing in 

reefs with organic pollution and high sediment load (Chalker, et al., 1985; Rogers, 1990; 

Wilkinson & Cheshire, 1990). Increasing sedimentation can alter biological processes on 

a reef, such as interactions between organisms (Rogers, 1990). Competition in reef 

corals involves investment of energy (Rinkevich & Loya, 1985) and because physical 

stress leads to a decline in biological functions of corals (e.g. the recovery of damage, 

Meesters & Bak, 1993), it seems likely that aggressive interactions between sponges and 

corals may increase and be more successful for sponges in physically stressed localities. 

The wide-spread overgrowth of corals in Japanese reefs by the sponge Terpios 

hoshinota is assumed to occur especially in pollution-stressed zones (Riitzler & Muzik, 

1993). However, studies on sponge/coral interactions investigated only the effect of 

individual sponge species and do not provide evidence whether there exists a 

competitive hierarchy between sponges and corals at a community level. In our study we 

hypothesize that coral stress, induced by environmental conditions, is advantageous to 

sponges which benefit on a community level by overgrowing living coral. 

The reefs east of Santa Maria, NE Colombia are particularly suitable to test this 

hypothesis. These coastal reefs are not as well developed as in other areas of the 

Caribbean (Von Prahl & Erhardt, 1985), due to a combination of seasonal upwelling and 

relative high sediment load through terrigenous effluents. Within the area there is a 

roughly defined gradient, in terms of increasing coral cover, from the city of Santa Marta 

to the east. This is probably caused by a decrease of continental run-off from the SW 

towards the NE (Zea, 1994). Related to this gradient is an overall decrease of coral cover 

and an increase of sponge cover that have been observed over the past years, 
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especially around the city (Werding & Sanchez, 1988; Zea, 1994). This phenomenon can 

be explained by an increase of sediment and nutrient load through extensive 

deforestation (Zea & Duque, 1989) and increased garbage and raw sewage discharge 

(Escobar, 1988; Cruz & Ramirez, 1990). 

In this study, the most important sources of physical stress for corals along reefs were 

considered to be high sedimentation rates (Porter, 1987; Rogers, 1990) and low light 

conditions (Chalker et al., 1985). To test our hypothesis that coral overgrowth by sponges 

increases when corals are under stress, natural rates of encounter between sponges and 

corals were quantified along the existing gradient of physical stress. 

MATERIALS AND METHODS 

Study area. Fifteen stations, encompassing five localities along the coast of Santa 

Marta, NE Colombia (see Fig. 1) and three depths (5, 10 and 20 m) were sampled for 

sponge/coral interactions and physical factors. 

FIG. 1. Map of the study area with the localities, site 1=Punta de Betin (S1), site 2=EI Morro (S2), 
site 3 =Granate (S3), site 4=Chengue (S4) and site 5=Gairaca (S5). 

Physical environment. Sedimentation rate was measured using pvc sediment 

traps with a ratio between length and diameter of 5:1 (length: 30 cm, diameter: 6 cm, after 

Larsson et al., 1986). The traps (one per station) were left in situ for periods of two 



2 6 Chapter 2 

months between February 1993 and February 1994, resulting in 6 samples per station. 

The sedimentation data set of this study was expanded by adding the data of Kielman 

(pers. comm.), sampled in 1991 and 1992. The trap size and sampling method of these 

additional data were similar as described above. Sedimentation was expressed in 

g/m2/day1, dry weight. 

Visibility in the water column was measured at each locality using a 30 cm secchi disk. 

The measurements were carried out weekly, over a one year period, at approximately the 

same hour and under similar weather conditions. 

Differences in sedimentation rates between localities were analysed using the 

Wilcoxon signed ranks test (Sokal & Rohlf, 1981) taking depth and dates as blocks. For 

differences in depth the same test was used taking localities and dates as blocks. 

Differences in visibility between the localities were also analysed with the Wilcoxon 

signed ranks test, taking dates as blocks. Non-transformed and log-transformed data of 

sedimentation and visibility showed non-normality (checked with Kolmogorov-Smimov 

tests, Sokal & Rohlf, 1981). 

Quantification of sponge/coral interactions. The quantification was carried out 

along belt transects. A 10 m line was attached to a randomly chosen point and stretched 

out parallel to the isobath of each depth (5, 10, 20 m). Ten consecutive quadrats of 1 m2 

were laid adjacent to the line. This procedure was repeated 3 times, resulting in a 

sampling area of 30 m2 at each station. In total, 450 m2 were sampled for sponge/coral 

interactions. Because some coral species possess sweeper tentacles, which can reach a 

maximum distance of 5 cm (Richardson et al., 1979) and sponges are able to affect 

corals even in non-contact situations (Porter & Targett, 1988), each sponge encountered 

within 5 cm from a coral was considered as partner in an interaction. Four categories of 

interactions were defined (Fig. 2): 

A = overgrowth of living coral by sponges. 

B = peripheral contact of sponge along and parallel to the living coral for more than 

3 cm. This category involves those encounters in which the sponge is obviously 

following the coral boundary. 

C = tissue contact; a sponge is in contact with the edge of a living coral over a distance 

less than 3 cm. This category involves those encounters in which contact seemed 

merely accidental. 

D = non contact; the sponge grows within 5 cm distance of the living coral boundary. 

In each quadrat the total number of sponge individuals and coral colonies, the total coral 

perimeter for each species and the total cover (in %) of sponges, corals and sand were 

noted. The interacting sponge and coral species were identified and the size of the 

interacting sponge (in cm2) was measured. In each interaction the affected coral-area (in 
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cm2 ; only for category A), the extent of interaction (in cm; for B and C) and the distance 

between the sponge and coral (in cm; onlv for D) were recorded. 

FIG. 2. Photographs of the four categories of interaction: A= overgrowth of the coral Diploria 
strigosa by the sponge Desmapsamma anchorata, B= peripheral contact of the sponge 
Raphidophlus venosus with the coral Montastraea cavernosa, C= tissue contact of the 
sponge Niphates erecta with the coral M. cavernosa, D= non contact interactions shown 
by the sponge Scopalina ruetzleri and the coral M. cavernosa. 

To test whether a relation exists between the frequency of a certain category of 

interaction and sponge and coral cover, a multiple regression was used. There was no 

relation between the two independent variables, sponge and coral cover (simple 

regression test). To normalise the data, the number of interactions and the sponge and 

coral cover were log transformed (log x). Every 10 m 2 survey was used as a sample unit, 

resulting in 3 replicates at each station. Differences between regression slopes were 

tested with the GT2-method and Gabriel's approximate method (Sokal & Rohlf, 1981). 

Percentages of overgrowth were calculated from the total number of interactions (= 

category A,B,C,D) using every 30m2 survey as a sample unit. These percentages were 
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arcsin transformed and tested on differences between depth and localities with a Single 

Classification ANOVA and the T-Method. Bartlett's test was used to test the homogeneity 

of the sample variances (Sokal & Rohlf, 1981). 

R E S U L T S 

Physical environment 

Sedimentation rates fluctuated greatly throughout the year and between years. 

Seasonal changes, such as the rainy and dry season, caused fluctuations of 

sedimentation rates within a year. Depending on the extent of rainfall, wind-force and the 

prevailing wind-direction, the sedimentation rate and visibility varied for each locality and 

depth within seasons. Due to these annual and seasonal fluctuations, analyses were 

carried out with dates as blocks. Sedimentation was significantly higher in the most 

western locality (site 1) than in the other localities (p<0.01, Fig. 3A). Between depths, the 

sedimentation was significantly higher at 5 m than at 10 m and 20 m (p<0.001, Fig. 3B). 

S1 S2 S3 S4 S5 
LOCALITIES 

5 m 10 m 20 m 
DEPTH 

FIG. 3. Median of sedimentation rates in g/m2/day for (A) localities, (B) depth. Abbreviations of 
localities as in fig. 1. 

The 'normal' sedimentation rate ranged from 4 to 247 g/m2/day. In March 1993, due to 

the influences of a tropical storm, sedimentation rates ranged from 22 to 983 g/rri2/day. 

The non-parametric median is used because of the few high sedimentation-rates. 
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Visibility ranged from 4 m to 22 m. Two groups of localities could be distinguished; the 

group with lowest visibility consisted of site 1 and site 2 and the group with highest 

visibility consisted of site 3, site 4 and site 5 (p<0.01, Fig. 4). 

Ê 15 

S1 S2 S3 S4 S5 
LOCALITIES 

FIG. 4. Mean visibility in meters for each locality. Abbreviations of localities as in fig. 1. 

Quantification of sponge/coral interactions 

Interactions in general 

There were 95 sponge species and 21 coral species engaged in sponge/coral 

interactions. A total of 3866 interactions was scored: 96 overgrowths (2.5%), 670 (17.3%) 

peripheral contact, 1255 (32.5%) tissue contact and 1845 (47.7%) non contact 

interactions. In Table 1 the total number of interactions and the frequency of each 

category of interaction are given for each sponge and coral species. All sponge species 

except one were encountered in non contact interactions (N = 63). Overgrowth occurred 

in 16 species, peripheral contact in 52 species and tissue contact in 57 species (see Fig. 

5). Because the above mentioned percentages are derived from the total number of 

interactions scored, they can be regarded as 'mean' frequencies for each interaction 

category. To demonstrate differences in these mean frequencies displayed by individual 

sponge species involved in interactions, the number of sponge species with a certain 

frequency are shown for each category of interaction (Fig. 5). Concerning overgrowth 

and peripheral contact, most sponge species display frequencies which correspond to 

the mean frequencies and only a few species show very high or very low frequencies. 

For tissue contact and non contact interactions, the difference between the number of 

sponge species with mean frequencies and with higher or lower frequencies is much 
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smaller. Sponges with extremely low or high frequencies of a certain interaction category 

were mostly those species with only 6 to 8 interactions. Exceptions are the sponges 

Mycale laevis with 182 interactions of which 61.5% consisted of peripheral contact and 

10.4% of non contact interactions and Desmapsamma anchorata with 37.1% overgrowth 

out of 89 interactions. 
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FIG. 5. Frequencies of interaction category displayed by sponge species encountered in 
interactions. The number of sponge species involved in each interaction category are shown 
in parentheses. Frequencies were ordered in classes with increments of 10%. For each 
category of interaction the vertical axis shows the frequency classes and the horizontal axis 
the number of sponge species with frequencies within a certain class. 
(A) overgrowth, (B) peripheral contact, (C) tissue contact, (D) non contact. 

The frequency of peripheral contact, tissue contact and non contact interactions is 

related to the density of both corals and sponges, as is shown by their positive regression 

coefficients for sponge and coral cover (p<0.001, see Table 2). Overgrowth was not 

related to sponge and coral cover (p>0.05). In contrast with the other interaction 

categories, the frequency of overgrowth seemed to be due to factors other than sponge 

and coral cover. To determine the relative magnitude of the effects of sponge and coral 

cover on the number of peripheral contact, tissue contact and non contact interactions, 

differences between regression coefficients were tested for significance. For tissue and 

non contact interactions the regression coefficient of sponge cover was significantly 

higher than the regression coefficient of coral cover (Fig. 6). This means that the 

frequency of tissue and non contact interactions is more determined by sponge than by 

coral cover. For the frequency of peripheral contact interactions there is no difference in 

effect of sponge and coral cover. 
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TABLE 1. Percentage occurrence of each interaction category for each sponge and coral species. 
A: overgrowth, B: peripheral contact, C: tissue contact, D: non contact; N: total number of 
interactions. Species with less than 5 interactions were omitted. 

SPONGE SPECIES %A %B %c %D N SPONGE SPECIES %A %B %C %D N 

Acanthella cubensis 9.1 9.1 81.8 11 Mycale laevis 0.5 61.5 27.5 10.4 182 
Acarnus nicolae 23.5 38.2 38.2 34 Mycale laxissima 20 80 5 
Agelas clathrodes 6.1 27.3 33.3 33.3 33 Mycale sp 25 75 12 
Agelas conifera 8.3 50 16.7 25.0 12 Myxillidae 22.2 77.8 9 
Agelas sp 1 36.4 63.6 11 Neofibularia nolitangere 30 20 50 10 
Agelas sp 2 40 30 30 10 Niphates digitalis 100 6 
Aka cachacrouensis 18.2 36.4 45.5 11 Niphates erecta 2.5 18.2 31.1 48.1 318 
Anthosigmella varians 7 30.2 20.9 41.9 43 Pleraplysilla sp. 3 51.5 45.5 33 
Aplysilla sp. 12.1 33.3 54.5 33 Polymastia tenax 14.3 42.9 42.9 7 
Aplysina cauliformis 13.1 3.3 36.1 47.5 122 Pseudoceratina crassa 20 80 5 
Aplysina fistularis 9.7 38.7 51.6 31 Raphidophlus isodictyoides 40 50 10 10 
Artemisina melana 27.3 72.7 11 Raphidophlus minutus 25 37.5 37.5 8 
Axinyssa ambrosia 57.1 42.9 7 Raphidophlus venosus 0.2 22.6 33.3 43.9 424 
Axinyssa flavolivescens 14.3 71.4 14.3 7 Scopalina ruetzleri 0.7 12.1 33.4 53.7 1089 
Batzella rosea 14.3 85.7 7 Spirastrella coccinea 28.6 22.9 48.6 35 
Batzella sp. 71.4 28.6 7 Terpios belindae 19.4 46.3 34.3 67 
Callyspongia armigera 14.3 28.6 57.1 7 Terpios sp 7 29.8 63.2 57 
Callyspongia vaginalis 62.5 37.5 8 Topsentia ophiraphiditis 15.4 23.1 61.5 13 
Clathria affinis 50 12.5 37.5 8 Verongula rigida 22.2 27.8 50 18 
Clathria echinata 20 40 40 5 Xestospongia caminata 11.1 55.6 33.3 9 
Clathria sp 1 22.2 61.7 30.6 36 Xestospongia muta 5.7 34.3 28.6 31.4 35 
Clathria sp 2 
Clathria sp 3 
Clathria spinosa 

10.3 
3.2 19.4 

18.8 

41.4 
38.7 
25 

48.3 
38.7 
56.3 

29 
31 
16 

Xestospongia proxima 11.1 55.6 33.3 9 Clathria sp 2 
Clathria sp 3 
Clathria spinosa 

10.3 
3.2 19.4 

18.8 

41.4 
38.7 
25 

48.3 
38.7 
56.3 

29 
31 
16 

CORAL SPECIES %A % B %C %D N 
Clathria sp 2 
Clathria sp 3 
Clathria spinosa 

10.3 
3.2 19.4 

18.8 

41.4 
38.7 
25 

48.3 
38.7 
56.3 

29 
31 
16 Acropora palmata 14.3 85.7 7 

Cliona sp 100 5 Agaricia agaricites 4 18.3 46.2 31.5 327 
Coelosphaera sp 4.1 37.8 58.1 148 Agaricia lamarckii 14.3 71.4 14.3 7 
Desmapsamma anchorata 37.1 11.2 12.4 39.3 89 Colpophyllia natans 33.3 11.1 55.6 9 
Discoderma dissoluta 33.3 33.3 33.3 6 Dichocoenia stokesi 6.3 18.8 18.8 56.3 16 
Dragmaxia sp 9.1 27.3 63.6 22 Diploria labyrinthiformis 16.7 16.7 66.7 18 
Dysidea etheria 7.2 1.8 29.7 61.3 111 Diploria strigosa 1.8 14.9 25.1 58.2 275 
Eurypon laughlini 10.5 47.4 42.1 38 Helioseris cucullata 25 50 25 12 
Eurypon sp 40 60 5 Madracis decactis 3.7 22.2 43.3 30.8 487 
Forcepia sp 10.3 27.6 62.1 29 Madracis pharensis 6.3 56.3 37.5 16 
Haliclona implexiformis 33.3 66.7 6 Millepora sp 8.2 22.4 37.3 32.1 134 
Haliclonasp 44.4 22.2 33.3 9 Montastrea annularis 2.2 38.9 17.3 41.6 185 
Halisarca caerulea 16.7 16.7 66.7 6 Montastrea cavernosa 0.7 15.3 27.6 56.4 1604 
lotrochota birotulata 14 34 52 50 Meandrina meandrites 6 4 24 66 50 
Ircinia campana 20 80 5 Mycetophyllia ferox 11.1 88.9 9 
Ircinia felix 2.7 22.7 28.9 45.8 225 Porites astreoides 2.2 14.3 33.8 49.7 314 
Ircinia strobilina 4.2 31.3 6.3 58.3 48 Scolymia lacera 2.6 2.6 23.1 71.8 39 
Monanchora arbuscula 10.3 33.3 56.4 78 Siderastrea siderea 10.6 15.2 35.8 38.4 151 
Mycale diversisigmata 16.7 83.3 6 Stephanocoenia michelinii 3 15.8 37.9 43.3 203 

Overgrowth bv SDon qes 

The occurrence of overgrowth was tested for similarities between depths and localities 

to determine its relation with the physical environment. There was a significantly higher 

frequency of overgrowth at 5 m compared to 20 m (p<0.05, Fig. 7A), which corresponds 

with a higher sedimentation load at 5 m (Fig. 3B). 
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TABLE 2. Result of Multiple Regression analysis of sponge and coral cover on number of 
interactions. Regression lines were fitted to the linear model: log(nr. of interactions) = a + 
b*log(sponge cover)+ c*log(coral cover), where a is a constant and b and c are the 
slopes of sponge and coral cover, respectively. R2 is coefficient of determination; p is 
probability that rejection of the hypothesis that both slopes are equal to zero is incorrect-
n is number of data points 

Dependent variable a b c R2 P n 

43 overgrowth -0.13 0.13 0.23 0.06 0.277 

n 

43 
peripheral growth -0.18 0.55 0.75 0.58 <0.001 45 
tissue contact 0.64 0.60 0.28 0.56 <0.001 44 
non contact 0.62 0.71 0.35 0.59 <0.001 45 

non contact 

non contact 

tissue contact 

tissue contact 

peripheral contact 

peripheral contact 

0.0 0.2 0.4 0.6 0.8 1.0 

regression slope 

FIG. 6. Regression slopes and 95% confidence intervals for each category of interaction with 
sponge cover (-0-) and coral cover (-•-). Slopes are significantly different at the 0.05 
level if their intervals do not overlap. 

However, no significant difference in overgrowth was found between 5 m and 10 m 

depth. Also, no significant difference in the frequency of overgrowth could be detected 

between localities (Fig. 7B), although site 1 is the most stressed locality concerning 

sedimentation load and visibility (Figs. 3A, 4). Apparently, there is no clear relation 

between occurrence of overgrowth and physical stress. Since there are some obvious 

differences in coral overgrowth between sponge species and in coral species overgrown 

by sponges (Table 1), the sponge and coral species composition may determine the 

higher frequency of overgrowth at 5 m. The sponges Desmapsamma anchorata, 
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Callyspongia armigera and Aplysina cauliformis for example displayed most 

overgrowths and Raphidophlus venosus, Mycale laevis and Scopalina ruetzleri the 

least. Most affected by sponge overgrowth was the coral Siderastrea siderea and the 

genus Millepora . Least affected were the corals Montastrea cavernosa and Diploria 

strigosa. 
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FIG. 7. Percentage overgrowth (± SE) from total number of interactions for (A) depth (n=5), (B) 
localities (n=3). Abbreviations of localities as in fig. 1. 
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FIG. 8. Percentage occurrence from total number of sponges for each depth and sponge species. 
ACLA=Agelas clathrodes, fKCON=Agelas conifera, ACAU= Aplysina cauliformis, 
AF\S=Aplysina fistularis, AVAR= Anthosigmella varians, CARM= Callyspongia armigera, 
DANC= Desmapsamma anchorata, DETH=Dysidea etheria, \FEL=lrcinia felix, ISTR= Ircinia 
strobilina, MLAE= Mycale laevis, NERE=/V/p/iates erecta, RVEN= Raphidophlus venosus, 
SR\JE=Scopalina ruetzleri and XM\JT=Xestospongia muta. 
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To determine if the frequency of aggressiveness is related to the presence of particular 

sponge or coral species, the occurrence of sponge individuals and the coral perimeter 

were compared for species and depth (Figs. 8, 9). Of Desmapsamma anchorata , the 

most aggressive sponge species, 78.7% of all individuals occur at 5 m depth (Fig. 8). 

The aggressive sponge species Aplysina fistularis and Callyspongia armigera also 

reach their highest densities at 5 m depth, with respectively 97.3% and 66.7% of all 

sponge individuals. The coral species most affected by overgrowth of sponges, 

Siderastrea siderea and Millepora spec, also mainly occur at 5 m (Fig. 9). 
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FIG. 9. Percentage occurrence from total perimeter for each depth and coral species. Legend as in 
fig. 8. AAGA=Agaricia agaricites, DSTO=Dichocoenia stokesi, DSTR= Diploria strigosa, 
MDEC=Madracis decactis, MSP=Millepora spec, MANN= Montastrea annularis, 
MCAV=Montastrea cavernosa, MMEA=Meandrina meandrites, PAST= Porites astreoides, 
SLAC= Scolymia lacera, SSID= Siderea siderastrea and SMIC= Stephanocoenia michelini. 

Most sponge species were aggressive towards more than one coral species. 

Susceptibility of corals to overgrowth by sponges varies in a species-specific manner. 

Encounters between particular sponge and coral species depended on the distribution of 

those sponge and coral species. The frequency of overgrowth was related to the 

presence of aggressive sponge species, rather than to characteristics of corals. 

Until this point we included all sponge species when looking at differences in 

frequency of overgrowth between localities and depth. However, since frequency of 

overgrowth depends on the presence of aggressive sponge species, this obfuscates the 

relation between physical environment and frequency of overgrowth. To determine if 

overgrowth occurred more frequently in physically stressed localities we focussed on the 

aggressive sponge species Desmapsamma anchorata. Coral overgrowth by this species 

and mean coral cover at 5 m depth are shown for site 1 (highest sedimentation and low 
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visibility; most stressed locality), site 4 (low sedimentation and high visibility; less 

stressed) and site 2 (low sedimentation, low visibility; intermediate). Coral cover was 

significantly highest at site 4 and lowest at site 1, but overgrowth occurred more often at 

site 4 (Fig. 10). Apparently the frequency of overgrowth is not related to stress. On the 

contrary, the sponge D. anchorata was more frequently engaged in aggressive 

encounters in localities with relatively less stress and high coral cover. 

SITE 1 VO3}H H overgrowth 

I I coral cover 

SITE 2 

SITE 4 
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% 

FIG. 10. Frequency of overgrowth (in %) from total number of interactions of the sponge 
Desmapsamma anchorata and coral cover (in %, ± SE) for site 1 (most stressed), site 2 
(intermediately stressed) and site 4 (least stressed) at 5 m depth. At site 3 this sponge was 
not recorded and at site 5 there was only 1 interaction. 

D I S C U S S I O N 

Nature of sponge/coral interactions 

Sponges are reported to be competitively dominant over corals (Jackson & Buss, 

1975; Vicente, 1978; Suchanek et al., 1983; Sullivan et al., 1983; Porter & Targett, 1988; 

Rützler & Muzik, 1993). However, the first study quantifying sponge/coral interactions on 

a community level (our study) shows only 2.5% of all sponge/coral encounters to be 

directly aggressive: overgrowth of corals by sponges. Interactions occurring most 

frequently were 'encounters' with no sponge/coral contact, sponge/coral tissue contact 

and peripheral contact. The degree and quality of interaction in these encounters is 

unknown. Some sponges exude toxic substances in their direct vicinity (Thompson, 

1985) and affect corals by direct or indirect contact (Porter and Targett, 1988), but other 

species release no waterbome allelopathic substances (Bingham and Young, 1991). 
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Corals can damage neighboring organisms using mesenterial filaments and sweeper 

tentacles (Lang & Chornesky, 1990). In coral-alga interactions damage and growth 

inhibition of algal thallae were observed at the periphery of, or at short distance from a 

coral (De Ruyter van Steveninck et al., 1988). If the neighboring organism is a sponge 

competing by means of toxic chemicals, inflicting damage could have a reverse effect 

because damaged sponges release increased levels of secondary metabolites 

(Thompson, 1985). In our study no visible negative effects on sponges or corals were 

observed in peripheral, tissue and non contact interactions. The actual competitive event 

of sponge/coral interaction may result in an equilibrium through growth inhibition of both 

organisms (Karlson, 1980). 

The growth form of partners in interaction is important in spatial competition (Lang, 

1973) and can determine the frequency of specific categories of interactions. Massive 

sponge species displayed more peripheral contact than branched species as is shown 

by the massive species hernia strobilina and the branched species Aplysina cauliformis , 

with respectively 31.3% and 3.3% of peripheral contact. Supposedly, encrusting and 

massive species will be more effective than branching species in gaining space by 

means of overgrowth, because branching species can avoid competition 'escaping in 

height' (Meesters et al., 1996). However, growth form is not the most important feature in 

determining the frequency of overgrowth. The sponge species Desmapsamma anchorata 

and A. cauliformis were the two most aggressive species, despite their ability to 'escape 

in height'. The ability to overgrow corals may depend on the possession of specific 

characteristics which vary between species. The possession of toxic secondary 

metabolites is considered as a favourable feature in competition for space, but 

possession of toxic substances does not automatically imply use in competition for 

space. The toxic activity can be very specific as is shown in various bioassay studies 

(Bakus et al., 1990; Green et al., 1990). The aggressive sponge species A. cauliformis is 

known to possess toxic chemicals demonstrating antiviral activity (Gunasekera et al., 

1991). The sponge D. anchorata also possesses unusual organic molecules, e.g. 

alkylglycerol monoethers (Quijano et al., 1994), and it was the most aggressive sponge 

species towards corals. Whether D. anchorata , A. cauliformis or other sponge species 

use their secondary metabolites in competition for space with corals still remains to be 

demonstrated. 

Overgrowth and physical stress 

Competitive dominance for sponges as a group over corals as a group is not shown by 

our results and it appears impossible to generalize about effectiveness of sponges in 
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killing corals or about susceptibility of corals to sponge aggression. The frequency of 
overgrowth of corals by sponges was found to depend on the presence of particular 
sponge species. Only 16 of the 95 sponge species were engaged in aggressive 
interactions and these 16 sponge species were not equally aggressive in terms of 
overgrowth. Since the mechanisms of competition for space differ between individual 
sponge and coral species, and because a number of other factors may influence the 
outcome of these interactions, sponge/coral interactions likely form complex networks. 
When space is limited and disturbance low (e.g. in cryptic habitats: Jackson & Buss, 
1975; Buss & Jackson, 1979), overgrowth capability will be selectively favoured and 
aggressive sponge species will be able to out-compete corals. That overgrowth was 
rather rare compared to the other categories of interactions, may be indicative of its minor 
importance as a competitive strategy in the physically stressed coral reef communities of 
Santa Marta. External disturbances can alter existing competitive hierarchies or networks 
by reducing the competitive ability of some species more than others (Connell, 1976). 

The hypothesis that physical stress reduces the competitive ability of corals more than 
that of sponges, leading to a relative increase of overgrowth of corals by sponges (e.g. 
Rützler & Muzik, 1993) is not confirmed by our results. Environmental stress did not lead 
to an increase in overgrowth of corals by sponges. No significant differences in the 
frequency of overgrowth were found between our five localities, although site 1 was most 
stressed in terms of sedimentation load and light-conditions. Focussing on the 
aggressive sponge species D. anchorata, it appears that overgrowth is related to coral 
cover rather than to physical stress. We reject the hypothesis that the frequency of 
aggressive sponge/coral interactions is related to physical stress for corals. Sponges do 
not necessarily overgrow corals when they are confronted with them, only when the coral 
cover is high and available space limited coral overgrowth is more often encountered. 

In conclusion: physical stress does not necessarily lead to an increase in overgrowth 
of corals by sponges. Overgrowth was related to the degree of aggressiveness of sponge 
species, rather than to characteristics of corals. Reef sponges differ notably in their ability 
to overgrow corals as is shown by differences in overgrowth frequencies. Sponge 
species abundance varies among depths, probably as a result of different requirements 
concerning physical conditions. Thus, by influencing the sponge community composition 
on the reef, the physical environment may indirectly determine the extent of overgrowth of 
corals by sponges. 
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ABSTRACT: Coral overgrowth by sponge species was studied on Caribbean reefs to 
determine whether it depends on coral cover and species composition. Overgrowth was 
quantified in belt transects at 4 localities on the reefs of Curaçao and compared to 5 
localities sampled on Colombian reefs. Coral perimeter, coral cover, sponge cover, 
sponge abundance and species richness were measured at each locality. The species 
richness of aggressive sponges was not influenced by coral cover, whereas the species 
richness of non aggressive sponges decreased with increasing coral cover. At coral 
covers of >25%, the sponge community was characterised by having more aggressive 
species. This is a clear example of the importance of spatial competition indicating that 
only aggressive sponge species are able to survive on reefs with high coral cover. Below 
25% coral cover, the increasing presence of aggressive sponge species resulted in an 
increasing number of overgrowth interactions. At higher coral cover this relation is 
distorted. 

The average coral cover was significantly higher on the reefs of Curaçao than on the 
Colombian reefs. As a consequence, more sponge species were involved in overgrowth 
interactions on Curaçao than on Colombian reefs. The importance of aggressive capacity 
is emphasised by the impact of sponge species composition. The occurrence of coral 
overgrowth was dependent on the sponge species composition rather than on the 
abundance of sponge species. The coral species composition did not influence the 
frequency of sponge/coral overgrowth interactions, i conclude that competition for space 
between sponges and corals is important on reefs with high coral cover as more 
aggressive sponge species and hence more overgrowth interactions occur. Overgrowth 
success of corals by sponges depends on coral cover (irrespective of coral species) and 
sponge species composition. 

INTRODUCTION 

Variations in species diversity, distribution and abundance on a coral reef are often 
attributed to processes occurring within the community such as competition and prédation 
(e.g. Sammarco 1982; Connell 1983; Schoener 1983; Sih et al. 1985; Lewis 1986) and 
physical disturbances (review by Karlson & Hurd 1993). The importance of each of the 
processes remains controversial. In coral reef communities the significance of competition 
between the major bottom components has been discussed by various authors 
(Benayahu & Loya 1981; Bak et al. 1982; Bradbury & Young 1983; Suchanek et al. 1983; 
Sammarco et al. 1985; Lang & Chornesky 1990). Most of these studies tried to 
demonstrate the ecological importance of competition or to detect complex competitive 
networks in order to explain species diversity of the community (also Lang 1973; Russ 
1982). These competitive networks are likely the result of evolution between interacting 
species: any species can evolve in response to direct interactions by changing its 
response or its effect to the presence of another species (Menge 1995; Miller & Travis 
1996). This results in a variety of competitive mechanisms displayed by species within the 
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same group or between groups (Sullivan et al. 1983; Sammarco et al. 1985; Lang & 

Chomesky 1990). The competitive success of a species often depends on the defensive 

or offensive mechanism employed. Although a major part of the benthic biota on coral 

reefs consist of sponges, which play an important role in spatial competition (Suchanek et 

al. 1983), little is known about sponge/coral interactions. 

Corals compete by means of a variety of direct and indirect mechanisms (reviewed by 

Lang & Chornesky 1990) or on the long term by redirection of growth (Romano 1990). 

Sponges lack specific competitive organs but often possess biologically active substances 

(Thompson 1985; Walker et al. 1985; Schulte et al. 1991) which can damage their 

neighbours (e.g. Sullivan et al. 1983; Targett 1988; Aerts & van Soest submitted) even in 

non contact situations (Porter & Targett 1988). Sponge species are found to compete 

successfully with corals (Suchanek et al. 1983; Porter & Targett 1988; Vicente 1990; 

Piützler & Muzik 1993). These studies mainly focused on one species and inform us about 

the effect of sponges on corals and identify winners and losers. On a Colombian reef 

overgrowth activities of a variety of reef sponges are quantified and explained by 

differences in the physical environment (Aerts & van Soest 1997). The impact of the 

physical environment is possibly equivocal as observations of higher overgrowth 

frequencies of corals in polluted Pacific reef environments (Rützler and Muzik 1993) are 

not found in the physically stressed Colombian Caribbean (Aerts and van Soest 1997). 

This contradictory result may be scale dependent or caused by differences in sponge 

species studied. 

The outcome of competitive interactions between coral colonies is influenced by a 

variety of factors, such as distance between competing species and species identity (Lang 

& Chornesky 1990). Coral species vary enormously in their competitive capability (Lang 

1973) and species identity is one of the factors determining the outcome of encounters 

between corals. In sponge/coral interactions a competitive dominance of sponges has 

been demonstrated in several studies (Russ 1982; Suchanek et al. 1983; Nandakumar et 

al. 1993). Most sponge species studied competed successfully with a variety of coral 

species. Besides differences in susceptibility, overgrowth frequency of coral species by 

sponges appeared to depend on the frequency of encounter with aggressive sponge 

species (Aerts & van Soest 1997). Also, more coral cover resulted in more overgrowth 

interactions in one of the most aggressive sponge species (Aerts & van Soest 1997). To 

determine the role of coral and sponge species composition and cover on the occurrence 

of overgrowth interactions, reefs with different coral and sponge distributions and cover 

need to be compared. 

In the present study I quantified coral overgrowth by sponges on the reefs of Curaçao 

(a relatively undisturbed reef environment with high coral cover) and compared (and 
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combined) the results with the occurrence of coral overgrowth found on the physically 

stressed continental Colombian reefs. The aim was to determine: 1) the relation between 

sedimentation stress and the frequency of coral overgrowth by sponges, 2) the relation 

between coral cover and the overgrowth frequency of corals by sponges, 3) the relation 

between coral and sponge species composition and the frequency of coral overgrowth by 

sponges. 

MATERIALS AND METHODS 

Study area. The environmental conditions on the Caribbean reefs of Curaçao and 

Santa Marta, NE Colombia (Fig. 1) are completely different. In Curaçao sea temperature 

ranges between 25-29°C and changes in salinity are negligible (van Duyl 1985). In Santa 

Marta, NE Colombia, temperatures can drop to 21 °C and salinity can rise to 37 %o due to 

up welling from cold water (Zea 1987). Temperatures can increase to 30°C and influence 

of freshwater can cause a decrease in salinity to 29 %o or less (Bula 1977; Muller 1979). 

Site 3 Site 2 Site 1 

Santa Marta area 

Curaçao 

Venezuela 

FIG. 1. Overview of the South Caribbean with the island of Curaçao and the Santa Marta area, NE 
Colombia. The sampled sites are marked with a black dot. 
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There are high sediment loads through terrigenous effluents. Consequently, the coastal 

reefs of Santa Marta are not as well developed as those in other areas of the Caribbean 

(Von Prahl & Erhardt 1985; Zea 1994) and a great contrast to the reefs of Curaçao. The 

sediment load on the reefs of Curaçao (4 localities, 3 depths) was measured using PVC 

sediment traps with a ratio between length and diameter of 5:1 (Gardner 1980; Larsson et 

al. 1986). Sediment rates measured in this study include the effect of local sediment 

resuspension. The traps were collected monthly between August 1995 and February 1996 

(6 samples per station). Although a considerable overlap in sedimentation among the 

stations of both reefs exists (range Curaçao 5.5 - 70.2 g.rrr2.day1; range Colombia 15.0 -

132.0 g.nr2.day-1), the average sediment load was significantly higher for Colombia (44.6 

± 8.7 g.m-2.day-1) than for Curaçao (18.1 ± 5.6 g.nr2.day-1) (Kruskall-Wallis p=0.002). 

Quantification of sponge/coral encounters. On the reefs of Curaçao 4 localities and 

3 depths were sampled for sponge/coral encounters and compared with 5 localities and 

the same 3 depths sampled on the reefs of the Santa Marta area, NE Colombia (Aerts & 

van Soest, 1997) (Fig. 1). Belt transects of 10 m, attached to a randomly chosen point and 

stretched out parallel to 5 m, 10 m and 20 m isobaths were used to quantify sponge/coral 

encounters. At each station three 10 m2 transects were surveyed. At one site 

(Daaibooibaai) the 5 m isobath covered mainly sand and was not sampled. On the 

Curaçao reef 330 m 2 was sampled for the presence of sponge/coral encounters. The 

total sampling area covering both Caribbean reefs was 780 m2 (26 stations). 

Since the interactive reach of many corals lies in the 1-5 cm range (Richardson et al., 

1979; Sheppard, 1981) and sponges are able to affect corals even in non-contact 

situations (Porter & Targett, 1988), each sponge encountered within 5 cm from a coral 

was considered as partner in an interaction. Four categories of encounters were defined 

(for explanation and illustration see Aerts & van Soest, 1997). In this study I focused only 

on overgrowth interactions. In each belt transect the total number of sponge individuals 

and coral colonies, the total coral perimeter for each species and the total cover (in %) of 

sponges, corals and sand were noted and averaged for the three belt transects taken at 

each station. The interacting sponge and coral species were identified to species level. 

Statistics. Because sponge species richness never reaches the value zero, a 

theoretical model, which includes an asymptote, proved to give the best approximation for 

the dataset. The equation of this model is: 

species richness = asymptote + [richnessmax. x 10(sl°Pe x c o r a l cover)] 

in which: species richness = number of non aggressive species; asymptote = the 

minimum number of non aggressive species present with increasing coral cover; 

richnessmax. = the number of non aggressive sponge species which theoretically can be 
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reached in the sampled area; slope = regression slope. The non-linear iterative fitting 

method used the above function and the Simplex least-squares method (Wilkinson, 1989). 

This regression model was also successfully used in a study describing regeneration 

processes in corals (Meesters et al. 1994). The other variables were analysed using linear 

regressions. Assumptions for the use of regression were checked by residual plots 

(Wilkinson, 1989) and data were transformed when necessary. Differences in variable 

means among the stations of the two Caribbean reefs were tested by single classification 

ANOVA with log(10X) (coral cover, number of overgrowth/m2) and log(X) (sedimentation) 

transformed data (Sokal & Rohlf 1981). When necessary multiple comparisons of means 

were performed using the Tukey-Kramer Method (Sokal & Rohlf 1981). 

RESULTS 

Overgrowth, sponge species richness and coral cover 

A total of 246 overgrowth interactions of corals by sponges were sampled in 780 m2 at 26 

stations on the reefs of Curaçao and Colombia. This is an average of 0.32 overgrowth 

interaction/m2, which means that in each 3 m2 1 overgrowth interaction of a coral by a 

sponge occurs. Of the 128 sponge species involved in sponge/coral encounters 30 

(=23.4%) were engaged in overgrowth interactions and considered as aggressive. 

A sponge/coral interaction between the coral Madracis mirabilis and the sponge Pseudoceratina 
crassa. 
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FIG. 2. Sponge species richness (in number of species/m2) and coral cover for all sites and 
depths. A. the relative presence of aggressive sponge species (in % of total number of 
sponge species. Estimated non-linear regression line: Y = 54.0 - (54.0*10005*x), R2=0.49. 
B. the number of not aggressive sponge species. Estimated non-linear regression line: 
Y = 13.8 + (88,7*10-°06*x), R2=0.56. C. the number of aggressive sponge species. Line 
fitted the linear model: Y = 17.7 - 0.07*X, R2=0.07. 

The presence of aggressive sponge species (in % of the total number of sponge species) 

increased with increasing coral cover until a cover of approx. 25% was reached (Fig. 2a). 

This increase was caused by a decline in number of non aggressive sponge species (Fig. 

2b). Beyond 25% coral cover the species richness (in number) of non aggressive sponge 

species remained the same. The species richness of aggressive sponge species was 

independent of coral cover (Fig. 2c). The relatively increasing presence of aggressive 

sponge species influenced the correlation between coral cover and the occurrence of 

overgrowth interactions. Below 25% cover, the number of overgrowth interactions increased 

with increasing coral cover. When the coral cover exceeded 25% no correlation was 

apparent between the number of overgrowth interactions and coral cover (Fig. 3). 

file:///Q___
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Because of the positive correlation between coral cover and perimeter (R2=0.79, p<0.001), 

the above mentioned results were also found using coral perimeters. Abundance of 

aggressive sponge specimens and sedimentation load were not significantly correlated with 

the occurrence of overgrowth interactions (resp. R2= 0.033, p=0.371 and R2=0.017, 

p=0.531). 
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FIG. 3. The number of overgrowth interactions (per m2) and mean coral cover (in %) for all 
sites and depths. The lines fitted the linear model: number of overgrowth = a + b*coral 
cover. a=-0.36, slope=0.05, R2=0.66, p<0.001 for all stations with a coral cover below 
25% and a=0.37, slope=0.001, R2=0.006, p=0.818 for all stations with a coral cover 
above 25%. 

Overgrowth and species identity 

On the reefs of Curaçao 68 sponge species and 22 coral species were engaged in 

sponge/coral encounters. A higher proportion of sponge species was encountered in 

overgrowth interactions and hence considered aggressive compared to the Colombian 

reef (resp. 33.8 % versus 15.8 % of total number of sponge species). There was a 

significant difference in number of overgrowth interactions/m2 between the reefs of 

Curaçao and Colombia (resp. 0.46 ± 0.26 versus 0.21 ±0.15 overgrowth/m2) (ANOVA 

p=0.005). The higher number of overgrowth interactions and higher percentage of 

aggressive sponge species on Curaçao can be explained by the difference in average 

coral cover on both reefs. Although there is an overlap in coral cover among the stations 

of both reefs (range Curaçao 17.5 % - 55.1 %; range Colombia 7.0 %- 42.1 %), the 
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average coral cover was higher on Curaçao than in Colombia (31.6 ± 13.9% versus 18.4 

±11.2%, ANOVA p=0.008). 
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FIG. 4. Frequency of interaction categories in % of total number of encounters, for each sponge 
species on Curaçao and Colombian reefs. Black bars represent overgrowth interactions, 
grey bars peripheral contact interactions, coarse spotted bars contact interactions, fine 
spotted bars non contact interactions and striped bars indicate that the species was 
present on the reef but no encounters with corals were observed. For abbreviations of 
species names see table 1. 

All sponge species separately, except those which were not or only sporadically 

observed (see table 1), were found to overgrow corals more frequently on Curacao than 

on Colombian reefs (Fig. 4). Between sponge species, a great difference in overgrowth 

ability can be seen. The most aggressive sponge species on both Caribbean reefs is 

Desmapsamma anchorata. On the reefs of Curaçao 5 other sponge species (Aplysina 

fulva, A. lacunosa, Callyspongia fallax, Neofibularia nolitangere and Verongula rigida) 

displayed rather high overgrowth frequencies (> 20%). 
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FIG. 5. Frequency of each interaction category in % of total number of encounters for each coral 
species on Curaçao and Colombian reefs. Legend as in Fig. 4. AAGA=Agaricia agaricites, 
CNAT=Colpophyllia natans, DLAB=Diploria labyrinthiformis, DSTR= Diploria strigosa, 
DSTO=Dichocoenia stokesi, EFAS=Eusmillia fastigiata, MANN= Montastrea annularis, 
MCAV=Montastrea cavernosa, MDEC=Madracis decactis, MMEA=Meandrina 
meandrites, MMIR=Madracis mirabilis, MSP=Millepora spec, PPOR=Porites porites, 
PAST=Porites astreoides, SLAC= Scolymia lacera, SMIC=Stephanocoenia michelini and 
SSID=Siderea siderastrea. 

More coral species were overgrown by sponges on Curaçao (17 species, which is 

77.3% of total number of coral species) than in Colombia (12 species, i.e. 57 .1% of total 

number of coral species) (Fig. 5) . On the Colombian reef differences in susceptibility to 

sponge overgrowth between coral species were not as obvious as on the reefs of 

Curaçao. The hydrocoral of the genus Millepora and the branching coral species Madracis 

mirabilis and Porites porites were clearly most susceptible to sponge overgrowth (Fig. 5). 

Comparison of overgrowth frequency for each sponge species with only those coral 

species shared between the two reef communities also resulted in a higher overgrowth 

frequency of sponge species on the reefs of Curaçao. This means that differences in 

overgrowth frequency were not caused by the coral species composition. As a 

consequence of the higher coral cover, sponge specimens were significantly more 

confronted with corals on the reef of Curaçao than on Colombian reefs, as is shown by 

the higher number of encounters per specimen (table 1). 
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TABLE 1. Presence and the total number of interactions for each sponge species for the reefs of 
Curaçao and Colombia. NR.= the total number of sponge specimen, ENC.= the total 
number of encounters (all categories) found in the sampling area. ENC/IND = the 
number of encounters per sponge specimen. 

CURAÇAO COLOMBIA 
SPECIES NR. ENC. ENC/IND NR. ENC. ENC/IND 

Aplysina archeri AARC 13 11 0.85 0 0 0 
Aplysina cauliformis ACAU 0 0 0 365 122 0.33 
Agelas clathrodes ACLA 15 4 0.27 105 33 0.31 
Agelas conifera ACON 57 67 1.18 45 12 0.27 
Aplysina fistularis AFIS 1 1 1.00 111 31 0.28 
Aplysina fulva AFUL 7 3 0.43 0 0 0 
Aplysina lacunosa ALAC 27 10 0.37 9 2 0.22 
Anthosigmella varians AVAR 0 0 0 56 43 0.77 
Callyspongia armigera CARM 0 0 0 13 7 0.54 
Callyspongia fallax CFAL 17 14 0.82 1 0 0 
Chondrilla nucula CNUC 62 38 0.61 0 0 0 
Callyspongia vaginalis CVAG 50 39 0.78 17 8 0.47 
Desmapsamma anchorata DANC 152 79 0.52 232 89 0.38 
Dysidea etheria DETH 5 0 0.00 618 111 0.18 
Ectyoplasia ferox EFER 111 83 0.75 4 2 0.50 
Halisarca caerulea HCAE 20 19 0.95 19 6 0.32 
Hyrtios proteus H PRO 84 68 0.81 0 0 0 
Ircinia campana ICAM 20 22 1.10 11 5 0.45 
Ircinia felix IFEL 22 23 1.05 489 223 0.46 
Ircinia strobilina ISTR 60 52 0.87 107 48 0.45 
Monanchora arbuscula MARB 173 120 0.69 240 78 0.33 
Mycale laevis MLAE 38 41 1.08 194 182 0.94 
Niphates erecta NERE 368 201 0.55 1122 328 0.29 
Neofibularia nolitangere NNOL 16 13 0.81 19 10 0.53 
Plakortis angulospiculatis PANG 19 14 0.74 8 0 0 
Pseudoceratina crassa PCRA 36 25 0.69 20 5 0.25 
Raphidophlus venosus RVEN 116 81 0.70 988 424 0.43 
Scopalina ruetzleri SRUE 1799 823 0.46 3607 1089 0.30 
Verongula rigida VRIG 8 5 0.63 48 18 0.38 
Xestospongia muta XMUT 4 3 0.75 75 35 0.47 

AVERAGE 0.65 0.33 
STDEV ±0.34 ±0.23 

Because most sponge species show a depth related distribution pattern (Alcolado 1994; 

Aerts et al. subm.a; Aerts et al. subm.b), the importance of sponge species composition 

on the overgrowth frequency was assessed by calculating depth related differences of 

overgrowth. In these calculations relative frequencies were used because these 

percentages are corrected for sponge and coral cover. Depth related differences were 

found with data of both reefs and of each reef separately (ANOVA p < 0.05; table 2). 
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TABLE 2 Overgrowth frequency (in % from total number of encounters) for each depth at 
the reef of Curaçao, Colombia and both reefs (CUR&COL). Depth related differences 
were tested with ANOVA and the Tukey-Kramer method. p=probabilities of the test, * 
means significant difference at the 5 % level. 

DEPTH CURAÇAO COLOMBIA CUR&COL 

5 m 14.1 (±4.06) 4.8 (±1.97) 8.3 (±2.12) 

10m 7.0 (±1.42) 2.3 (± 0.58) 4.4 (±0.83) 

20 m 3.9 (± 0.64) 1.2 (±0.33) 2.4 (±0.42) 

TUKEY-KRAMER METHOD (MULTIPLE COMPARISON 
OF MEANS). 

5m-10m p=0.077 p=0.146 p=0.174 
5m-20m *p=0.008 *p=0.012 *p=0.031 

10m-20m p=0.547 p=0.359 p=0.584 

The higher overgrowth frequency at 5 m depth can be explained by the fact that the most 

aggressive sponge species on both reefs, Desmapsamma anchorata, occurs mainly at 

this depth (Aerts & van Soest 1997; Aerts et al. subm.a; Fig. 6). 
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FIG. 6. Percentage occurrence from total number of sponge specimen for 5 m (black bars) and 
20 m depth (grey bars). For abbreviations of sponge species names see table 1. 



52 Chapter 3 

DISCUSSION 

Overgrowth and coral cover 

Inherent to stress is the basic concept that stress puts coral reef communities at an 
energetic disadvantage which interferes with the normal function of the system and affects 
the community structure of coral assemblages (Cortes & Risk, 1984; Tomascik & Sander, 
1987; Edmunds, 1989). Decline in the energy budget of corals affect their competitive 
ability (Aerts, submitted). In environments with increased nutrient levels coral competition 
with macro algae and sponges may limit coral growth by overgrowth of corals and hence 
reduce coral diversity and cover (Johannes et al., 1983; Rützler & Muzik, 1993; Fraser 
and Currie, 1996). Compared with Curaçao, the Colombian reef can be characterised as 
stressed. Because of its higher sediment load, it has lower coral species diversity, less 
live coral cover and less abundance of growth forms (see review by Rogers, 1990; Zea, 
1994). Despite this difference, the stations sampled within these two reefs show an 
overlap in variables as coral cover, sedimentation and species composition. We found, on 
a regional scale (Aerts & van Soest, 1997) and on a geographical scale (this study), no 
direct relation between sediment stress for corals and frequency of overgrowth by 
sponges. The total occurrence of coral overgrowth by sponges on the reef of Curaçao 
was found to be a good 2 times higher than on the relatively stressed Colombian reef. 

In this study I found that competitively weak sponge species disappear first on reefs 
with high coral cover and limited space. The sponge community was characterised by 
having more aggressive species at coral covers 

>25 %. Apparently, only competitively dominant sponge species are able to maintain 
space in coral reef environments with high mean coral cover, because they are better 
equipped to defend their position on the reef (Aerts & van Soest, submitted). 

The aggressive sponge species richness influences the occurrence of overgrowth. The 
number of overgrowth was positively correlated with coral covers <25 %. Above 25 % 
coral cover the portion of aggressive sponge species remained constant and also the 
correlation between coral cover and overgrowth was distorted. The abundance of 
aggressive sponge specimens was not influencing the number of overgrowth interactions. 
Only the sponge species composition was important (discussed below). I conclude that 
the higher number of overgrowth interactions and higher portion of aggressive sponge 
species on the reef of Curaçao are caused by higher average coral cover. 
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Overgrowth and species composition 

Until this point we focused on the overall occurrence of overgrowth on both reefs 
without looking at the level of the interacting species. Comparison of overgrowth 
frequency for each sponge species separately between Curaçao and Colombian reefs 
revealed again higher overgrowth frequencies for the reefs of Curaçao. Explanations for 
this can be a difference in sponge functioning due to environmental conditions, a 
difference in coral species composition or a difference in coral cover. 

Polluted and stressed reef environments exhibit higher sponge biomass (Wilkinson & 
Cheshire, 1990) as is also clearly demonstrated by the higher sponge cover on the 
physically stressed Colombian reef. Interaction experiments with two specific sponge 
species showed obvious differences in reaction of the sponge to proximity of corals (Aerts 
et al. subm.a; Aerts et al. subm.b). These species specific reactions to competing 
neighbours is also shown by differences in competitive ability between sponge species. 
The depth related differences in overgrowth clearly show the importance of sponge 
species distribution on the occurrence of overgrowth interactions. 

On both reefs a distinct hierarchy in susceptibility of corals to sponge overgrowth, as 
observed in coral/coral interactions (Lang, 1973; Bak et al., 1982; Logan, 1984), was not 
found. This is partly due to the fact that chance of encounters with aggressive sponge 
species determined differences in susceptibility of corals (Aerts & van Soest, 1997). On 
the Curaçao reef, the susceptibility to sponge overgrowth of the ramose corals Madracis 
mirabilis, Pontes pontes and corals of the genus Millepora formed a striking contrast with 
the other coral species. Except for Millepora, these species were not common on the 
Colombian reef (Aerts & van Soest, 1997). Apart from a low competitive ability of these 
ramose corals (Lang, 1973), the high susceptibility to sponge overgrowth very likely 
results from a large circumference relative to the colony surface area. A relatively high 
circumference:surface ratio means a higher probability of interaction (Van Veghel et al., 
1996) and an increasing susceptibility to partial mortality (Hughes, 1996; Meesters et al., 
1997). In our case the difference in overgrowth frequency by individual sponge species on 
both reefs was not caused by the coral species composition. The overgrowth frequency 
remained higher on the reefs of Curaçao when only the coral species shared between the 
two reef communities were taken into account. 

On the reefs of Curaçao, more encounters with corals occurred per sponge individual 
than on the Colombian reef. Most organisms try to reduce the impact of competition by 
growing along margins which are not in close proximity to potential competitors (Lang & 
Chornesky, 1990; Romano, 1990). A higher coral cover increases chance of encounters 
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between sponges and corals and enhances the overgrowth frequency of aggressive 

sponge species. On a community level, this study demonstrated that the extent to which 

coral overgrowth occurs depends on the competitive ability of sponges and coral cover. 

I conclude that spatial competition between sponges and corals is important on reefs 

with high coral cover. More aggressive sponge species and hence more overgrowth 

interactions occur on well developed reefs. Overgrowth success of corals by sponges 

depends on coral cover (irrespective of coral species) and sponge species composition. 
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Dynamics behind stand-off interactions between three 
reef sponges and the coral Montastraea cavernosa. 

Lisanne Aerts 

This chapter has been submitted to Marine Ecology P.2.S.N.I. 
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ABSTRACT. Benthic organisms compete for space and stand-off interactions, i.e. 
interactions with no clearly observable outcome such as win or loss, are very common in 
marine hard substratum communities. Of all sponge/coral interactions observed in a coral 
reef community off Santa Marta, NE Colombia, stand-offs were more common than 
overgrowths. The dynamics of these stand-offs and the role played by each of the 
interacting organisms were examined in a series of standard observations of sponge/coral 
interactions involving the sponge species Niphates erecta, Rhaphidophlus venosus, 
Scopalina ruetzleri and the coral Montastraea cavernosa. A total of 141 interactions were 
photographed every two months over a period of 15 months. Changes in the number of 
polyps along the coral border, sponge area (cm2) and the minimum distance (mm) 
between sponge and coral were measured. Most sponge/coral stand-offs in this study 
displayed rapid changes in number of polyps along the coral border, sponge area and 
sponge/coral distance. Outcome of sponge/coral stand-offs depended on the life history 
characteristics (e.g. growth) of the sponge species. Area increase and decrease of S. 
ruetzleri and N. erecta were not correlated to changes in the number of polyps along the 
coral border. This implies a lack of direct competition between these two sponge species 
and Montastraea cavernosa. R. venosus, however, was often observed to take over 
vacant space left by the death of coral polyps (54% of interactions). To determine impact 
of conditional factors such as coral damage on the interaction process between R. 
venosus and M. cavernosa, artificial lesions were made in 43 M. cavernosa colonies in 
proximity with R. venosus. This resulted in a significant increase in coral polyp death in 
damaged compared with undamaged M. cavernosa colonies (22.7% versus 6.9%). 
This study demonstrates that 1 ) sponge/coral stand-offs are actually quite dynamic, 2) 
outcome of sponge/coral stand-offs depends on the life history characteristics of the 
competing sponge species, 3) actual frequency of coral overgrowth by (thinly encrusting) 
sponge species can only be determined by means of continuous observations, 4) coral 
damage on reefs may enhance deterioration of corals by increasing their susceptibility to 
sponge overgrowth. 

INTRODUCTION 

In order to survive, sessile marine organisms must acquire and successfully defend 

substratum. The most visible form of spatial competition occurs by direct overgrowth of 

organisms already occupying space. However, competition for space is not always visible, 

especially when chemical aggression is involved. Sponges are known to possess a wide 

variety of chemical substances (Faulkner 1984) which among other functions, can be used 

in competition for space (Aerts & van Soest submitted; Jackson & Buss 1975). Studies on 

sponge interactions mainly focused on the competitive mechanism employed by sponges 

(Sullivan et al. 1983; Porter & Targett 1988) or on the occurrence of overgrowth (Suchanek 

et al. 1983; Vicente 1990; Rützler & Muzik 1993; Aerts & van Soest 1997). However, the 

observed frequency of coral overgrowth by sponges has never been correlated to the 

number of stand-off interactions between the two interacting species (stand-off is defined 

as an interaction without a clearly observable outcome such as overgrowth). Although the 
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frequency of coral overgrowth by sponges can be regarded as important, the interaction 
categories which occur most frequently are stand-off interactions such as peripheral 
contact, tissue contact and non contact interactions (Aerts & van Soest 1997). It is 
unknown if any interactive exchange occurs in these stand-offs. There may be an 
apparent cessation of growth at the border of contact between the two species (Karlson 
1980; Schmidt & Warner 1986) or these interactions may involve repeated reversals, by 
which the coral and sponge advance and retreat alternately (Chornesky 1989). 
Competitive abilities between species may be perfectly transitive when stand-offs are 
ignored (Rubin 1982; Schmidt & Warner 1986). However, in species assemblages where 
stand-offs are frequently encountered, they can not be ignored and should obtain a status 
equal to that of wins and losses when determining competitive hierarchies (Schmidt & 
Warner 1986; Tanaka & Nandakumar 1994). 

In this study I examined the dynamics behind stand-off interactions between 3 sponge 
species and a coral on a Caribbean reef through continuous observations over a time 
period. Stand-offs are defined as contact or non contact interactions, with a sponge/coral 
distance of <5 cm, without a clearly observable outcome such as overgrowth. Selected 
sponge/coral stand-offs were followed at three reef localities, each characterised by a 
different sediment load. High sedimentation appeared not to enhance the frequency of 
coral overgrowth by sponges at a community level (Aerts & van Soest 1997) but in these 
observations time series of individual sponge/coral stand-offs were not included. 
Furthermore, I investigated if other factors such as coral damage increases the 
susceptibility of coral colonies to sponge competition, by inflicting lesions to corals in 
proximity of sponges. Since the recovery from damage leads to a decline in biological 
functions of corals and because energy needed to recover lesions is derived from the 
surrounding polyps (Meesters et al., 1994), the competitive ability of the coral may be 
assumed to decrease locally. 

Questions I address in this study are: to what extent are sponge/coral stand-offs dynamic? 
Is the outcome of such encounters influenced by environmental conditions, e.g. are 
sponges winning more frequently in physically stressed localities? Does a conditional 
factor such as coral damage lead to an increasing susceptibility to sponge competition? 
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MATERIALS AND METHODS 

Study area. Continuous observations of stand-off interactions between individuals of 

three sponge species and one coral species were performed along the coast of the Santa 

Marta area, Caribbean Colombia (11°15'N, 74°13'W; Fig. 1). On this reef 97.5 % of all 

sponge-coral interactions were apparent stand-offs. Because sedimentation is an 

important environmental factor causing coral stress on reefs (Rogers, 1990), sponge/coral 

stand-offs were followed at three localities, each characterised by a different 

sedimentation load. Sedimentation data, sampled in a former study using sediment traps 

with a height/diameter ratio of 5:1 (see Aerts & van Soest 1997), are presented in Fig. 1. 

At site 3 sedimentation is significantly lower than at sites 1 and 2 (Wilcoxon signed ranks, 

p<0.033). 

South-Xi America 

FIG. 1. Map of the study area with the three localities. Site 1 = Punta de Betin, site 2 = El Morro 
and site 3 = Chengue. Sedimentation rates (in g.nr2.day-1 ± SD) given for each locality 
(plain figures) were derived from Aerts & van Soest (1997). 

Observations of interactions. At 20 m depth (where most interactions were 

encountered) a total of 141 apparent sponge/coral stand-off situations were marked each 

with two steel nails and photographed using a NIKONOS V with a 1:3 extension tube. The 
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size of the photo frame was 9 by 13 cm. The sponge species Niphates erecta 
(Duchassaing and Michelotti 1864), Scopalina ruetzleri (Wiedenmayer 1977) and 
Rhaphidophlus venosus (Alcolado 1984) and the coral species Montastraea cavernosa 
(Linnaeus) were chosen as research subjects because they were the most common in the 
study area. Interactions were selected randomly. A total of 55 interactions between S. 
ruetzleri and M. cavernosa (n=16 site 1, n=22 site 2 and n=17 site 3), 53 interactions 
between R. venosus and M. cavernosa (n=16 site 1, n=19 site 2 and n=18 site 3) and 33 
interactions between N. erecta and M. cavernosa (n=12 site 1, n=11 site 2 and n=10 site 
3) were photographed every 2 months over a period of 15 months, between January 1994 
and April 1995. Photographic sampling took place in February 1994 (one month interval), 
August 1994 (6 months interval), October 1994, December 1994, February 1995, April 
1995. The large time lapse of the second sampling period was caused by damage to the 
photographic equipment. 

In a series of parallel observations, the effect of coral damage on the outcome of 
sponge/coral stand-offs was studied. A series of additionally selected interactions of 
Montastraea cavernosa colonies and specimens of the sponge Rhaphidophlus venosus 
was monitored from February to April 1995. Coral damage was experimentally introduced 
through infliction of lesions of about 10 mm diameter and an average depth of 2.5 mm, 
into the coral tissue. These were made with a pneumatic drill powered by a scuba tank. 
These lesions were located approximately one polyp (= 5-10 mm) away from the outer 
coral tissue boundary, leaving a space of living coral tissue between the damaged part 
(totally devoid of live tissue), the coral boundary and the sponge tissue. This experiment 
was performed only with R. venosus because of the three sponge species observed, it 
appeared to react most directly to changes of the coral. The reaction of both sponge and 
coral species was followed by photographic sampling of each interaction after 7, 28, 56 
and 77 days. Two localities with different sedimentation load (Site 1, n=10 and site 3, 
n=34) were compared to investigate the possible role of sedimentation stress on the 
outcome of the experimental interactions. At the same iocalities and depth undamaged M. 
cavernosa colonies interacting with R. venosus specimens served as controls (Site 1, 
n=16andsite3, n=18). 

Interpretation of the photographs. Because all photo frame positions were fixed, 
photo prints of individual interactions taken at different time periods were similar and could 
be compared easily. The photographic frame did not cover the whole coral and sponge 
colony. Observed changes in sponge specimens and coral colonies refer only to the 
interaction area and specimens borders within the image. Changes outside the frame 
were not considered. From each photograph I recorded the following features: 
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1) Number of polyps along the coral border within the photo frame; polyps were chosen 
as unit of measure because they are the basic module of a coral and because retreat or 
growth occurred per polyp. Length of the coral border was the same for each site and 
sponge species (10.5 ±1.3 cm). 

2) Changes in sponge area (cm2) within the photo frame. At this scale spatial interaction 
is essentially two dimensional. 

3) Minimum distance (mm) between sponge and coral border. If the sponge was growing 
parallel to the coral border the length (mm) of the contact area between sponge and coral 
border was measured. 

4) Details of sponge/coral interactions (e.g. tissue damage, overgrowth, necrosis) which 
occurred during the 15 month period within the photo-frame. 

5) Lesion condition (e.g regenerated, overgrown, damaged; only for interactions with 
experimental lesions). 

Statistics. Data on the three variables (coral border changes, sponge area and 
sponge/coral distance) were analysed in two different ways, relative and absolute. 
Relative data refer to the number of interaction points displaying changes and are 
expressed in percentage of the total number of interaction points (table 1 A). Absolute data 
refer to actual changes expressed as number of border polyps, cm2/year or mm/year 
(table 1B). To test whether the occurrence of changes of the three variables differed 
significantly among localities and sponge species R x C tests of independence using G-
test were performed (Sokal & Rohlf 1981). The absolute values of both transformed and 
untransformed data of the three variables lacked a normal distribution (normality plot and 
Kolmogorov-Smirnov test; Sokal &Rohlf,1981) and their variances were heteroscedastic 
(Barlett's test; Sokal & Rohlf 1981). As a consequence medians and ranges of the 
changes in sponges and corals were used (table 1B, Fig. 2) and tested among localities, 
species and periods with the non-parametric Kruskal-Wallis one way analysis of variance 
(Sokal & Rohlf 1981). Correlations between changes of polyp number and sponge area 
were tested with the Pearson correlation coefficient (Sokal & Rohlf 1981). Sedimentation 
data of the three localities (derived from Aerts & van Soest 1997) were analysed with the 
Wilcoxon signed ranks test (Sokal & Rohlf 1981) taking dates as blocks. 
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RESULTS 

Dynamics of sponge/coral stand-offs 

Absolute changes in number of border polyps differed among localities and were 

independent of sponge species. Although the occurrence of decrease, increase and no 

change of coral border polyps was similar for each locality (RxC independence test, 

p>0.05; table 1A), the magnitude of these changes was significantly different. Highest 

decrease in number of border polyps was found at sites 2 and 3 (Kruskal-Wallis, p<0.01; 

table 1B). Both occurrence and magnitude of changes in number of coral border polyps 

demonstrated no significant difference among sponge species. Apparently, each of the 

three sponge species had a similar effect on the coral border polyps. 

TABLE 1. Relative values (in % occurrence; A) and absolute values (with ranges; B) of changes 
of the number of coral border polyps (1), sponge area (2) and sponge/coral distance 
(3) tor each site and sponge species over 15 months. The absolute values are 
standardized to a per year basis. S1 = site 1, S2 = site 2, S3 = site 3, SR = Scopalina 
ruetzleri, NE = Niphates erecta and RV = Rhaphidophlus venosus, n = number of 
interactions. 

A S1 S2 S3 SR NE RV B S1 S2 S3 SR NE RV 

1) 
DECREASE 38.6 59.6 64.4 56.4 48.5 56.6 

1) 
DECREASE 1.7 3.0 5.6 2.4 1.8 4.8 

INCREASE 47.7 32.7 26.7 34.5 36.4 35.8 INCREASE 1.6 1.6 1.9 1.2 1.6 1.6 

NO CHANGE 13.6 7.7 8.9 9.1 15.2 7.5 AVERAGE 0.0 -1.0 -1.3 -0.5 0.0 -1.3 

range 15.1 20.3 34.1 31.7 26.3 36.0 

2) 
DECREASE 45.5 50.0 41.5 58.2 48.5 30.6 

2) 
DECREASE 6.4 5.0 8.9 8.2 1.7 4.6 

INCREASE 50.0 40.4 53.7 41.8 45.5 55.1 INCREASE 4.5 6.0 6.8 4.2 5.2 8.3 

NO CHANGE 4.5 9.6 4.9 0.0 6.1 14.3 AVERAGE 0.7 -0.1 0.8 -0.8 0.0 0.7 

range 54.8 129.6 89.1 88.3 33.7 129.6 

3) 
DECREASE 32.6 26.9 24.4 20.0 33.3 32.7 

3) 
DECREASE 3.6 3.0 3.6 3.6 2.4 3.6 

INCREASE 27.9 48.1 37.8 52.7 42.4 21.2 INCREASE 6.0 6.0 8.4 8.4 6.0 3.6 

NO CHANGE 39.5 25.0 37.8 27.3 24.2 46.2 AVERAGE 0.0 0.0 0.0 1.2 0.0 0.0 

range 36.0 44.4 96.0 102.0 33.6 57.6 

TOTAL N 44 52 45 55 33 53 

Differences in frequencies of no changes, decrease and increase of sponge area and 

sponge/coral distance were found to depend on the identity of the sponge species. 

Among localities, no differences were apparent between the frequencies observed (RxC 
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independence test, p>0.05). Decrease of sponge area occurred most frequently for the 

sponge Scopalina ruetzleri (RxC independence test, p<0.001; Table 1A). Of the absolute 

changes in sponge area, the overall sponge area decrease of S. ruetzleri differed 

significantly from the overall area increase of R. venosus (Kruskal-Wallis, p=0.011; table 

1B). The low ranges in area decrease and increase and the average area changes of 0 

cm2/year of N. erecta reflect its relative stability in terms of space occupancy compared 

with the other two sponge species (table 1B). Increase of sponge/coral distance occurred 

more frequently for the interaction between Montastraea cavernosa and S. ruetzleri 

compared to M. cavernosa and R. venosus (RxC independence test, p<0.03; table 1 A). 

Similarly, the extent to which the sponge/coral distance increased was significantly higher 

for S. ruetzleri (Kruskal-Wallis, p=0.015; table 1B). As a result of changes in the 

sponge/coral distance the type of interaction between the organisms studied changed. 

Relatively few interactions with R. venosus and N. erecta which initially started as contact 

interactions (i.e. peripheral and tissue contact) ended after 15 months as non contact 

interactions (respectively 2.2% and 10.7%). The percentage of non contact interactions 

which ended as contact interactions was much higher, respectively 19.6% and 32.1%. For 

S. ruetzleri, more contact interactions ended as non contact interactions, than the reverse 

(resp. 25% and 20%; Fig. 2). 

Scopalina ruetzleri 

Raphidophlus venosus 

Niphates erecta M M ^ H 

5 10 15 20 25 30 35 
OCCURRENCE (%) 

FIG. 2. Occurrence (%) of non contact interactions which ended as contact interactions (black 
bars) and vice versa (spotted bars) over a 15 month period for each sponge species. 
Total number of interactions involved is respectively 28, 46 and 40. 

The dynamics of sponge/coral stand-offs mentioned above were calculated over a 15 

month period. Relative and absolute changes of the three variables were also calculated 

at 2 month intervals to determine the impact of seasonal influences. No differences in the 
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occurrence of changes existed for each variable between time periods (RXC 

independence test, p>0.05). The majority of the selected interactions displayed no change 

in sponge/coral distance, decrease and increase of sponge area and decrease and no 

changes in number of polyps along the coral border (table 2). The absolute values of 

sponge area and sponge/coral distance were similar for each period (Kruskal-Wallis, 

p>0.05; Fig. 3B, 3C). The number of coral border polyps, however, decreased significantly 

more during the period February-August 1994 compared to other time periods (Kruskal-

Wallis, p=0.003; Fig. 3A), probably due to the large time interval. It is remarkable that 

although the absolute values of each variable showed wide ranges, the median of the 

changes were all around zero (Fig. 3). 

TABLE 2. Changes (in % occurrence of total number of interactions) of the number of coral 
border polyps, sponge area and sponge/coral distance for each time period. N = total 
number of interactions. 

Jan- Feb- Aug- Oct- Dec- Feb-

Feb'94 Aug'94 Oct'94 Dec'94 Feb'95 Apr'95 

CORAL BORDER 

DECREASE 23.0 57.6 39.0 39.7 32.8 35.6 

INCREASE 16.4 19.6 16.9 27.3 28.6 23.7 

NO CHANGE 60.7 22.8 44.1 33.1 38.7 40.7 

N 61 92 118 121 119 118 

SPONGE AREA 

DECREASE 46.9 38.3 33.3 39.3 46.8 49.5 

INCREASE 43.8 61.7 61.3 54.7 41.3 41.4 

NO CHANGE 9.4 0.0 5.4 6.0 11.9 9.0 

N 31 47 111 117 109 111 

SPO/COR DISTANCE 

DECREASE 16.4 25.3 21.1 22.4 8.9 23.0 

INCREASE 18.0 27.3 25.4 26.7 29.5 21.2 

NO CHANGE 65.6 47.5 53.5 50.9 61.6 55.8 

N 61 99 114 116 112 113 

Reaction of sponges to changes in the number of coral border polyps appeared to be 

species specific. 

1) Area changes of both Ay. erecta and S. ruetzleri were not correlated to the number of 

coral border polyps (Pearsons correlation coefficient, resp. p=0.699 and p=0.546). N. 

erecta displayed 3 cases of overtopping (9%). This means that the sponge was growing 

over the coral but was not attached to the coral tissue. In one case (3%) the border of the 
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coral showed some signs of bleaching. Neither overgrowth nor other signs of damage to 

the coral occurred in any of the interactions between S. ruetzleri and M. cavernosa. 
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2) Area changes of R. venosus were negatively correlated with changes in the number of 

border polyps (Pearsons correlation coefficient, p<0.001 ; Fig. 4). In contrast with the other 

two sponge species, R. venosus was often observed to take over vacant space caused by 

death of coral polyps (54% of the selected interactions). 
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FIG. 4. Correlation between changes in number of coral border polyps (per year) and sponge 
growth (cm2/month) for R. venosus. R = Pearson's correlation coefficient and p=probability 
that rejection of HO (there is no correlation) is incorrect. 

S1+S3 

FIG. 5. Occurrence of overgrowth (in % of total number of interactions) of the coral M. cavernosa 
by the sponge R. venosus for each locality. Black bars show the results of coral colonies 
with lesion infliction and spotted bars the control colonies. S1 = site 1, S3 = site 3, S1+S3 
= average of data fromSI and S3. 
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Coral damage experiment 

Of all interactions involving coral colonies with experimental lesions 22.7% showed 

overgrowth of living coral polyps by the sponge R. venosus. The overall occurrence of 

sponge overgrowth of living polyps of the control colonies was 6.9% (Fig. 5). This 

difference was also observed for each locality separately. At site 1 overgrowth of living 

polyps of damaged coral colonies by R. venosus as higher than overgrowth of control 

colonies (resp. 20 % versus 0 %). At site 3 these percentages were 23.5% for overgrowth 

of damaged corals and 13.3% for overgrowth of control coral colonies by the sponge. To 

determine if infliction of experimental lesions led to a higher decrease of border polyps of 

the coral, changes in number of border polyps of coral colonies with experimental lesions 

and the controls were compared. No significant differences in polyp changes could be 

found (Fig. 6). This means that overgrowth of experimentally damaged coral colonies by 

R. venosus is not caused by death of coral polyps. 

S1+S3 

FIG. 6. Changes of number of coral border polyps (per year) ±SE for M. cavernosa colonies with 
and without lesion infliction at each locality. Legend and abbreviation of localities as in Fig. 
5. 

DISCUSSION 

Dynamics of sponge/coral stand-offs 

Most studies on competition for space used data collected at a particular point in time 

(e.g. Jackson 1979; Rubin 1982; Lopez Gappa 1989; Steneck et al. 1991). If the purpose 

of the study is to establish competitive dominance, observations made at a single point in 
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time can easily lead to misjudging of interaction results, especially when stand-off 
interactions are involved (Tanaka & Nandakumar 1994). In a former study (Aerts & van 
Soest 1997) most sponge/coral interactions observed on the reef could be considered as 
stand-offs. The present study demonstrates that sponge/coral stand-offs were actually 
quite dynamic. There was no evidence of cessation of growth along adjacent edges 
between interacting species (as observed by Karlson 1980). In most cases, both 
competitors alternately lost and gained tissue and space during the 15 month interval, 
which conformed with the repeated reversals pattern described by Chornesky (1989) of 
coral-coral interactions. Coral colonies showed an overall decline in number of border 
polyps, which was more relted to localities than to sponge species. Apparently, local 
environmental conditions influenced border polyp loss. High sedimentation load appeared 
to play no role since most polyp loss occurred at localities with less sedimentation. In 
some cases, especially at the locality with less sedimentation, macroalgae of the genus 
Dictyota were colonizing vacant space caused by recession of the sponge or coral. Partial 
mortality of coral colonies could be due to smothering by macroalgae (Hughes 1996) but 
from our photographs the possible role of algae in the loss of border polyps was not 
clearly observable. Variation in coral size and morphology among localities may also 
contribute to the observed differences in polyp loss, whereas susceptibility of corals to 
competition depend on their surface-perimeter ratio (Hughes 1996; Meesters et al. 1997). 
Decrease of number of border polyps was certainly not caused by competitive activity of 
neighbouring sponges because border polyp loss was similar for each sponge species. 

Sponge species strategies 

The necessity for sponges to compete with corals in order to gain space likely depends on 

their growth form in combination with other growth characteristics (Sebens 1986; Becerro 

et al., 1994). Obvious differences in the reaction of the three sponge species towards 

changes in the number of coral border polyps were observed. R. venosus with its thinly 

encrusting growth form and variable, fast area changes was often observed to take over 

vacant space due to death of coral polyps. Because the extent of polyp decrease along 

the coral border was similar in interactions with all three sponge species, R. venosus was 

the only one benefiting from the declining number of coral border polyps and was not 

causing this retreat. In general, the advance and retreat movements of R. venosus 

colonies resembled those described for encrusting colonial ascidians (Birkeland et al. 

1981). S. ruetzleri, although also encrusting, forms thick cushions on the substratum and 

can therefore easily expand into height. Despite its fast and variable area changes, S. 
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ruetzleri was never observed to overgrow dead coral tissue. In most cases, either S. 
ruetzleri or the coral border receded apparently without utilizing available space, which 
explains the very low frequency of overgrowth displayed by S. ruetzleri (Aerts & van Soest 
1997). The same appears to apply to N. erecta. During this study N. erecta was observed 
to escape direct competition with the coral by growing into height (thereby overshadowing 
the coral colony in most cases). Probably due to its minor and relatively slow area 
changes, available space caused by retreated coral tissue was never observed to be 
taken over by N. erecta. Direct competition in terms of coral overgrowth were not 
observed, probably due to the elevated growth form of N. erecta. Whether sponge and 
coral specimens studied here redirect their growth away from the zone of interaction 
(Romano 1990) is difficult to determine because observations were focussed on the 
interacting area and did not include the whole sponge and coral colony. 

In summary, stand-off interactions between sponges and corals studied here were quite 
dynamic. Outcome of sponge/coral stand-offs depends mainly on the ecological strategy 
displayed by sponge species. The neccessity and/or ability of sponges to overgrow corals 
or take over vacant space caused by death of coral tissue appears to depend on their 
growth characteristics and morphology. 

Coral damage and competitive outcome 

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 is often limited (e.g. Bak 1983) and must be 
divided between several biological functions. Competition with other organisms can cause 
a major reduction in the physiological functioning of corals (Tanner 1995). In case of 
damaged corals, damage repair may locally reduce the competitive ability of the coral. 
Stand-off interactions between R. venosus and M. cavernosa seem to show an apparent 
equilibrium at the border of contact (Karlson 1980) when observed at one point in time. 
However, interactions between R. venosus and M. cavernosa observed over a time period 
showed that R. venosus often overgrows dead coral polyps at the border of contact and 
sporadically also living coral polyps. In case of damaged coral colonies, living coral polyps 
were more frequently overgrown by R. venosus. It is remarkable that overgrowth of living 
coral tissue of control colonies by R. venosus occurred by corals which appeared to be in 
a very bad condition (mean polyp decrease of 22 and 12 polyps/year). Due to the 
encrusting growth form of R. venosus, only observations over a time period can 
distinguish overgrowth activity. Very likely, a certain part of the peripheral growth 
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interactions observed in a former study (Aerts & van Soest 1997) were actually 

overgrowth interactions. 

Overgrowth of living border polyps by R. venosus was an active process, because 

lesion infliction did not influence decrease of the border polyps. The active role of the 

sponge is also demonstrated in Fig. 7 where sponge growth is directed towards the 

damaged area. Because bio-assays of R. venosus extracts demonstrated biological 

activity (Braekman pers. comm.), this sponge may use its chemicals to compete with 

corals. 
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FIG. 7. Photographs of 2 interactions (I, II) showing the sponge R. venosus and the coral M. 
cavernosa at days 2 and 56. The corals have an experimental lesion (white spot at day 2). 
Growth of R. venosus is directed towards the experimentally damaged area of the coral. 

From the lesion experiment we can conclude that damage to M. cavernosa results in a 

change in the interaction process with R. venosus. Apparently, besides reducing coral 

growth and reproduction (Tanner 1995), damage reduces the competitive ability of the 

coral in such a way that sponges can benefit from it by actively overgrowing live coral 

tissue. This means that coral damage on reefs could enhance deterioration of corals by 

their increasing susceptibility to competing organisms. 

Finally I can conclude that 1) competitive outcome between sponges and corals 

depends on the ecological strategy displayed by sponge species and 2) damaged corals 

are more susceptible to sponge overgrowth. 
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ABSTRACT. Sponges play an important role in spatial competition. They produce a 
great diversity of secondary metabolites which may play a role in interaction with other 
benthic organisms. We investigated whether a relation exists between frequency of 
overgrowth, toxicity and abundance of sponges. Frequency of overgrowth and 
abundance of sponges were quantified over reefs in the Santa Maria area (NE 
Colombia, South America). Methanol extracts and live fragments of six common sponge 
species, Anthosigmella varians, Aplysina cauliformis, Desmapsamma anchorata, Ircinia 
felix, Niphates erecta and Scopalina ruetzleri were tested against the coral Madracis 
mirabilis in laboratory conditions. Generally, there was a relation between the effect of 
sponge methanol extracts and live sponge fragments. Only the sponge species N. 
erecta demonstrated an extreme difference in the result of the two toxicity tests. The 
relation between coral overgrowth and sponge toxicity (of methanol extracts and live 
fragments) was significant, the most toxic species displayed most overgrowths. The 
sponge species Desmapsamma anchorata deviated from these results by its 
proportionally high frequency of overgrowth. Toxicity was also related to the number of 
individuals, with the most abundant sponge species being the least toxic. This relation 
was not apparent for sponge cover. In contrast, sponge cover was significantly but 
inversely related to the frequency of overgrowth; the most aggressive species were least 
abundant in terms of % cover. We conclude that: 1) the suggestion that toxic substances 
play a role in spatial competition can not be rejected by the outcome of our results and 
2) the possible role of sponge chemicals, used in spatial competition with corals, is to 
maintain the position on the substratum rather than to actively gain space. 

INTRODUCTION 

In tropical regions more than 50% of the marine benthic species are toxic (Bakus, 
1981). Among these organisms, sponges produce the greatest diversity of secondary 
metabolites (Faulkner, 1984), with the most biologically active chemicals (Garson, 
1994). Bioassays with sponges on antimicrobial and antifouling activity (Amade et al., 
1982, 1987; Bakus & Kawaguchi, 1984; Bakus et al., 1990; McCaffrey & Endean, 1985; 
Thompson et al., 1985; Zea et al., 1986; Targett, 1988; Green et al., 1990) and 
antipredation (Bakus, 1981; Green et al., 1990; Huysecom et al., 1990) have been a 
common experimental approach. The problem with bioassays is the translation of 
laboratory results to the ecological function of such chemical compounds in the field (La 
Barre et al., 1986; Schulte & Bakus, 1992; Pawlik et al., 1995). 

A function ascribed to secondary metabolites is its use in competition for space 
(Jackson & Buss, 1975). This has been demonstrated in the field for some organisms 
e.g. in the interaction between a reef anthozoan and filamentous algae (Bak & 
Borsboom, 1984) and between a soft coral and an alga (Nys et al., 1991). Sponges play 
an important role in spatial competition (Suchanek et al., 1983) and several species 
were found to compete succesfully with corals (Sullivan et al., 1983; Porter & Targett, 
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1988; Vicente, 1990; Rützler & Muzik, 1993; Aerts & van Soest, submitted). Because 
sponges lack special competitive behaviour and organs, they are supposed to use their 
toxic substances in interactions with other organisms to actively conquer space and 
maintain their positions on the substratum. Some sponges exude biologically active 
metabolites into their direct surrounding (Thompson, 1985; Walker et al., 1985; Schulte 
et al., 1991) and affect competitors even in non-contact situations (Porter & Targett, 
1988). In contrast with bioassays, studies on competition for space have mostly been 
field studies and direct evidence for the role of secondary metabolites remains unclear. 
Questions, such as: is the degree of toxicity in sponges correlated to their success in 
competition for space, are unanswered. 

The abundance of reef sponges is mainly influenced by abiotic factors, such as light, 
sedimentation, current strength and organic nutrients (Wilkinson & Vacelet, 1979; 
Wilkinson & Evans, 1989; Schubauer et al., 1990; Alcolado, 1994). In contrast, the role 
of biotic factors in structuring reef sponge populations is poorly understood. Prédation 
does not seem to influence sponge abundance, since relatively few organisms feed on 
sponges (Randall & Hartman, 1968; Wulff, 1994) and some of the most abundant 
sponge species appear to be highly palatable (Pawlik et al. 1995). Also space, which is 
a limiting resource for all sessile organisms on coral reefs, will probably not influence 
sponge abundance, because sponges are often competitively dominant over other 
organisms (Suchanek et al., 1983). Some sponges even appeared to be more 
aggressive in localities where the density of competing organisms was higher (Aerts & 
van Soest, 1997). However, there is much contradictory data on the relation between 
aggression and abundance of coral reef organisms. Highly aggressive corals in the 
Caribbean are relatively minor components of the reef (Lang, 1973), while in the Indo-
Pacific many of the most aggressive corals are dominant (Sheppard, 1979, 1982; Dai, 
1990). The least aggressive coral Pontes occurring in the Western Pacific can be the 
most dominant (Licuanan & Bakus, 1992). Data on aggression and cover of sponges 
are rare. Rützler and Muzik (1993) reported extreme spatial dominance and great 
aggression in overgrowing corals of the sponge Terpios hoshinota. If competitive 
dominance of sponges is related to their degree of toxicity, the most toxic sponge 
species may be the most abundant. 

In our study, the toxicity of 6 different sponge species towards the scleractinian coral 
Madracis mirabilis was tested and compared with naturally occurring frequency of 
overgrowth. The main goal is to collect more evidence about the suggested role of 
toxicity in competition for space and to know if expected overgrowth capacity can be 
derived from toxicity experiments. To compare the effect of chemical substances present 
in methanol extracts with more naturally occurring sponge exudates, two toxicity tests 
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were performed; one with sponge methanol extracts and the other with live fragments of 
sponges. Together with data on sponge cover and frequency of overgrowth (overgrowth 
of corals), sampled in a previous study (Aerts & van Soest, 1997), the following 
questions were addressed: 

(1) Is degree of sponge toxicity correlated to success in overgrowing corals. 

(2) Is there a relation between degree of sponge toxicity and sponge abundance? 

(3) Does success in overgrowth leads to an increase in sponge abundance. In other 
words, are sponges actively gaining space by overgrowing corals? 

MATERIALS AND METHODS 

Laboratory experiments. Both sponge and coral species were sampled at the 
reefs of the Santa Marta area, NE Colombia (11°15'N 74°13'W). The sponge species 
were collected at Punta de Betin which is situated close to the institute (Aerts & van 
Soest, 1997). Sponge species used were Anthosigmella varians (Duchassaing and 
Michelotti, 1864), Aplysina cauliformis (Carter, 1882), Desmapsamma anchorata 
(Carter, 1882), Ircinia strobilina (Lamarck, 1816), Niphates erecta (Duchassaing and 
Michelotti, 1864) and Scopalina ruetzleri (Wiedenmayer, 1977). These six species were 
chosen because of their great range in frequency of overgrowth and abundance on the 
reef (Aerts & van Soest, 1997). Only sponges that were free from epibionts were 
collected in plastic bags at depths between 5m and 10m. The sponge species were 
collected without substratum because they were either directly (i.e. within 1 hour) put in 
a jar with methanol or used as sponge fragments. The coral species Madracis mirabilis 
(Duchassaing and Michelotti, 1864) was chosen as the test organism, because of its 
tractability and because its polyps are open during daytime. It was only present at 
Chengue, approximately 30 km from the institute. Corals were sampled and transported 
in seawater to the laboratory by boat. There, M. mirabilis was broken into similar-sized 
branches and placed in aquaria in a vertical position in pvc holders. Each aquarium 
contained 6 main coral branches with an average of 15 ramifications and 18 tips. They 
were fed Artemia salina and adapted to the laboratory conditions during the night 
(without lights). Approximately 18 hours after collection of the corals the experiments 
started. To ensure that all polyps were open at t=0, M. mirabilis was offered food half an 
hour before the beginning of the experiment. 

Methanol extract experiments. Sponge specimens were cut into small fragments, 
preserved in 500 ml methanol and stored at a dark, cool place. After two weeks the 
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extracts were filtered and the filtrates concentrated by evaporation under reduced 
pressure (rotation evaporator). To get a maximal extraction, another 500 ml methanol 
was added to the sponge fragments and the procedure was repeated. After the second 
evaporation the sponge fragments were dried (100°C) and weighed. The final 
concentration of the extract (in g/ml) was calculated by dividing the dry-weight of the 
sponge (g) by the total amount of extract (= ml extract obtained after the first evaporation 
+ ml extract obtained after the second evaporation). We used 6 aquaria of 3.375 liters 
with Madracis mirabilis branches. The seawater was continually aerated and two 100 
watt daylight lamps above the aquaria maintained a stable irradiance. Four aquaria 
were used to test the extract and two aquaria served as controls, one to control the effect 
of the solvent and one without any addition. At t=0 minutes an amount of a specific 
sponge extract was added to the experimental aquaria and a similar amount of 
methanol to the solvent control aquarium. The effect of the extract and solvent on M. 
mirabilis was measured counting the number of ramifications and tips with open, half 
open and retracted polyps for each aquarium every 5 or 10 minutes and after one hour 
every 30 minutes. The distinction between ramification and tips was made because their 
polyps reacted different. The number of tips and ramifications with half open polyps was 
divided into halves, one halve was summed with the number of tips and ramifications 
with retracted polyps. This was divided by the total number of tips and ramifications 
present in the aquarium to obtain a percentage of retracted polyps. Depending on the 
initial effect, new extract was added for 6 to 8 hours, until all polyps were retracted. 
Every two hours the corals were offered food. The amount of extract needed to obtain 
100% retraction of the polyps was designated as the lethal concentration. Each 
experiment was carried out twice. The lethal concentration (in g/l) was calculated by: a) 
multiplying the total amount of extract added (in ml) with the concentration of the sponge 
extract (g/ml) and b) dividing this by 3.375 liter. The measure for toxicity, used for 
analyses, was calculated according to the formula: toxicity = 1/lethal concentration. 

Live fragments experiments. Sponge specimens were cut into small fragments 
and suspended in little keepers in the aquaria to imitate exudation of chemicals by 
damaged sponges. Four aquaria were used to test the effect of the sponge fragments 
and two aquaria served as controls, one to eliminate the possible effect of the keepers 
and one without any additional treatment. The experiment started after the cups were 
suspended in the aquaria (t=0 minutes). For each aquarium the number of ramifications 
and tips with open, half open and retracted polyps were counted every 5 or 10 minutes 
and after one hour every 30 minutes. Every two hours the corals were offered food. To 
avoid an effect due to decay of dying sponges, the duration of each experiment was 
limited to four hours. The same sponge volume (52 ml) was added for each species. 
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After the experiment sponge fragments of each aquarium were dried (100 °C) and 
weighed. The dry weights of 52 ml sponge volume varied between species from 2.30 to 
4.46 g. The percentage of ramifications and tips with retracted polyps was calculated as 
for the methanol extract experiment. 50% Polyp retraction time of ramifications and tips 
was determined (LC50), because 100% retraction of polyps did not occur (or only for a 
short period of time). The measure of toxicity, used for analyses, was calculated with the 
formula: toxicity = 1/LC50, with LC50 expressed in hours. 

Field data. Data on abundance and frequency of overgrowth of sponges were 
collected in the Santa Marta area, NE Colombia by means of belt transects (for further 
details see Aerts & van Soest, 1997). Abundance of sponge species was measured as 
percentage cover and number of individuals. For each species, the ability to overgrow 
corals was recorded as percentage of the total number of interactions for that species. 

Statistics. The existence of a relationship between sponge variables (cover, 
overgrowth, abundance and toxicity) was computed using Simple Regression analyses. 
Lines were fit to linear and logaritmic models. The significance of the model was tested 
by means of analysis of variance (ANOVA, F-distribution) according to SYSTAT (1992). 

RESULTS 

Methanol extract experiments 

Lethal responses of the extracts were established for 6 sponge species. Extract 
concentration and concentrations responsible for lethal response in Madracis mirabilis 
are shown in table 1. The hierarchy for toxicity was as follows (in decreasing order): 
Aplysina cauliformis > Anthosigmella varians > Desmapsamma anchorata > Ircinia 
strobilina > Niphates erecta > Scopalina ruetzleri . Addition of the extracts in lethal 
concentrations resulted in retraction of all polyps. These did not open again during 
termination of the experiment, even if the corals were offered food. Effects on the corals, 
percentage of coral ramifications and tips with retracted polyps, were significantly lower 
for the controls (solvent only and no addition). An exception was Scopalina ruetzleri; 
after addition of 1.13 g/l extract 60% of the coral tips and ramifications had their polyps 
retracted. At this concentration the water became very turbid and, because turbidity 
appeared to influence retraction of the polyps, no more extract was added. An 
exceptionally different pattern was caused by the methanol extract of Niphates erecta. 
The substances of N. erecta, in combination with the methanol, appeared to stimulate 
the corals. These exceptional results prompted us to repeat the N. erecta methanol 
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experiments three times. Each experiment, however, yielded the same results; after 

several additions of extract and solvent, the corals of the experimental aquaria were in a 

much better condition than the corals of the solvent control. This changed after 

approximately 300 minutes; the percentage of corals with retracted polyps slowly 

increased in the experimental aquaria and decreased in the solvent control aquarium. 

TABLE 1. Results of the toxicity experiments for each sponge species. EXTRACTS: the 
concentration of the extract is given in g/ml, the lethal concentration in g/l. LIVE 
FRAGMENTS: LC50 is expressed in hours. 

METHANOL EXTRACTS FRAGMENTS 

species cone. ml. lethal 1/lethal LC50 1/LC50 
extract extract cone. cone. (hours) (hours) 
(g/ml) added (g/i) (g/i) 

Anthosigmella varians 0.384 2.5 0.284 3.52 1.08 0.93 
Aplysina cauliformis 0.340 1.0 0.101 9.90 0.71 1.41 
Desmapsamma anchorata 0.354 3.0 0.315 3.17 3.18 0.31 
Ircinia strobilina 0.382 6.0 0.679 1.47 1.62 0.62 
Niphates erecta 0.111 40.0 1.316 0.76 0.12 8.33 
Scopalina ruetzleri 0.381 10.0 - 0.00 - 0.00 

Live fragments experiments 

Toxicity tests were done with live fragments of sponges to imitate "natural" release of 

exudates by (damaged) sponges. The presence of live sponge fragments had 

significant effects on Madracis mirabilis colonies, but they differed from the methanol 

extract experiments. Not all coral ramifications and tips retracted their polyps and most 

polyps opened again after they were offered food. The percentage of coral ramifications 

and tips with retracted polyps was always significantly lower for the two controls. Thus, 

although sponge fragments had some effect on M. mirabilis, most corals were able to 

recover from it within a short period of time (approx. three hours). An exudate impact 

hierarchy can be established, using time at which 50% of the corals had their polyps 

retracted, resulting in the following sequence (in decreasing order): Niphates erecta > 

Aplysina cauliformis > Anthosigmella varians > Ircinia strobilina > Desmapsamma 

anchorata > Scopalina ruetzleri (see table 1). Here again N. erecta differed in its effect 
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from the other sponge species. The polyps of the corals reacted very strongly to 

introduction of the sponge fragments. Within 7 minutes 50% of the corals had retracted 

polyps and after 180 minutes all polyps were retracted until the end of the experiment. 

This contrasted strongly with the effect obtained during the methanol extract 

experiments. The extremely different reaction of N. erecta makes it an outlier in the 

relation between the experiments with the methanol extract and the fragments, which 

distorts the relationship between these two toxicity tests. Excluding the N. erecta data 

point, the relation between the effect of the methanol extract and the sponge fragments 

was significant (R2=0.78, p=0.046, Fig. 1). 
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FIG. 1. Relation between toxicity of methanol extracts and live fragments of 6 sponge species. The 
outlying datapoint of Niphates erecta (black dot) is not included in the analysis. Regression 
line fits the linear model Y=a+bX. R2=coefficient of determination, p=probability that rejection 
of hypothesis that the slope is equal to zero is incorrect. 

Because of the uncertainty concerning the degree of toxicity of N. erecta towards corals, 

due to the extreme difference in effect between the two toxicity tests, analyses were 

performed with and without data points of N. erecta. 

The success of Desmapsamma anchorata in overgrowing corals was not 

proportional to its degree of toxicity when compared with the other sponge species. 

Leaving out this outlier, together with the data points of N. erecta, there exists a relation 

between the extent of overgrowth and toxicity of sponges for both toxicity experiments 

(extract: R2=0.97, p=0.018, Fig. 2A; fragments: R2=0.96, p=0.022, Fig. 2B). If the data 

point of N. erecta is included, only the relation between overgrowth and the methanol 

extract experiment remains significant (R2=0.97, p=0.002). The above mentioned 

relations fit the linear regression model: Y = constant + slope*X. For the relation 

between cover and number of individuals with toxicity, regression lines fit the logaritmic 

model: Y = constant + slope*LOG(X). For both toxicity experiments, without the data 
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point of N. erecta, no relation could be detected between sponge toxicity and cover 

(extract: R2=0.76, p=0.056, Fig. 3A; fragments: R2=0.67, p=0.089, Fig. 3B). The data 

point of N. erecta fits only into the line describing the relation between cover and toxicity 

of the methanol extract. 
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FIG. 2. Relation between sponge toxicity and frequency of overgrowth. The oultlying datapoint of 
Desmapsamma anchorata (black triangle) and the datapoint of Niphates erecta (black dot 
are not included in the analysis. Regression line fits the linear model Y=a+bX. For 
explanation of R2 and p, see legend fig. 1. (A) toxicity extract, (B) toxicity live fragments 
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FIG. 3. Relation between sponge toxicity and cover (%). The datapoint of Niphates erecta (black 
dot) is not included in the analysis. Regression line fits the logaritmic model Y=a+b*LOG(X). 
For explanation of R2 and p, see legend figure 1. (A) toxicity extract, (B) toxicity live 
fragments. 

Inclusion of this data point leads to a significant relation (R2=0.74, p=0.029). The relation 

between number of individuals and sponge toxicity, without the data points of N. erecta, 

was significant for both toxicity experiments (extract: R2=0.94, p=0.006, Fig. 4A; 

fragments: R2=0.95, p=0.004, Fig. 4B). Again, the data point of N. erecta fits perfectly 
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into the relation of number of individuals and the methanol extract experiment (R2=0.93, 

p=0.002). Concerning the sponge fragment experiments, the data point of N. erecta 

distorts the relation between number of individuals and toxicity (R2=0.65, p=0.053). 

From these data, we can conclude that species abundance, in terms of % cover, is not 

influenced by sponge toxicity. Only regarding number of individuals, sponge toxicity is 

correlated with species abundance. 
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FIG. 4. Relation between sponge toxicity and number of individuals per square meter. The 
datapoint of Niphates erecta (black dot) is not included in the analysis. Regression line fits 
the logaritmic model Y=a+b*LOG(X). For explanation of R2 and p, see legend figure 1. (A) 
toxicity extract, (B) toxicity live fragments. 

In summary, it remains unclear whether the toxicity of N. erecta towards corals is 

either low (methanol extracts) or high (sponge fragments). Excluding the data points of 

N.erecta from the analyses resulted in a significant positive relation between the two 

toxicity tests and between coral overgrowth and sponge toxicity. A relation also existed 

between number of individuals and both toxicity tests, with the most toxic species being 

the least abundant. No relation was present between sponge cover and toxicity. The 

data points of N. erecta always fit perfectly into the regression models concerning the 

methanol extract experiment, whereas it always distorted relations between sponge 

fragment experiments and other variables. 

Field observations 

We found 98 sponge species within 5 cm of a coral, of which 15 displayed overgrowth 

of corals (see Aerts & van Soest, 1997). Abundance varied between sponge species 

from 0.1 to 8 individuals/m2 and from 0.03% to 1.12% cover. The species Mycale laevis 

was excluded from this study because of its cryptic habitat. The relation between sponge 
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cover and overgrowth of corals was significant and fits the regression line Y = constant 

+ slope*LOG(X) (R2=0.73, p>0.001). Compared to other sponge species, 

Desmapsamma anchorata showed an extremely high incidence of overgrowth of corals 

(table 2). 

TABLE 2. Frequency of overgrowth and sponge abundance, numerical (nr. of individuals/m2) and 
cover (%), for each of the 15 aggressive sponge species. Percentage cover was 
calculated using the formula: (average size (cm2)* number of individuals/m2)/100. 

over nr. of cover îv. size 
Species growth nd./m2 (%) (cm2) 

Agelas clathrodes 6.1 0.23 0.08 35.0 
Agelas conifera 8.3 0.10 0.14 142.0 
Anthosigmella varians 7.0 0.12 0.51 419.1 
Aplysina cauliformis 13.1 0.81 0.12 15.1 
Aplysina fistularis 9.7 0.25 0.03 13.8 
Callyspongia armigera 14.3 0.06 0.01 14.6 
Desmapsamma anchorata 37.1 0.52 0.18 35.6 
Dysidea etheria 7.2 1.37 0.03 2.0 
Irciniafelix 2.7 1.01 0.29 29.0 
Ircinia strobilina 4.2 0.23 0.28 119.4 
Niphates erecta 2.5 2.49 0.27 10.8 
Raphidophlus venosus 0.2 2.20 1.12 51.0 
Scopalina ruetzleri 0.7 8.02 0.80 10.0 
Xestospongia muta 5.7 0.17 0.54 321.7 
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FIG. 5. Relation between frequency of overgrowth and cover (in %) as observed in the field for 15 
sponge species. The outlying datapoint of Desmapsamma anchorata (black triangle) is not 
included in the analysis. Regression line fits the logaritmic model Y=a+b*LOG(X). For 
explanation of R2 and p, see legend fig. 1. 
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Without the data point of this aggressive sponge species, the relation between sponge 
cover and overgrowth was even more obvious (R2=0.82, p>0.001, Fig. 5). The least 
aggressive sponge species were the most abundant in terms of percentage cover. No 
relation could be found between number of individuals and overgrowth. 

DISCUSSION 

Biologically-active substances of sponges and other marine organisms have several 
ecological functions (Bakus et al., 1986). The determination of the ecological roles of 
toxic substances under laboratory conditions is often very difficult as is shown by the 
lack of a relation between ichtyotoxic properties of sponges and the unpalatability to reef 
fishes (Pawlik et al., 1995). Although methods of extraction and solvents used often 
contribute to differences in results of laboratory experiments (Zea et al., 1986), we found 
a significant relation between sponge toxicity according to methanol extracts and 
sponge fragments. The experiments with sponge fragments are supposed to be closer 
to natural conditions, although the concentration of exuded chemicals is higher in a 
closed seawater system and damaged sponges (in this case fragments) exude 10 to 
100 times more metabolites than undamaged sponges (Walker et al., 1985). Despite 
these high concentrations, our experimental corals did not die and recovered after 
approximately three hours. Maybe the exudated chemicals are unstable and loose their 
activity or, alternatively, sponges release their substances only for a short period of time. 
Exuded toxic substances have been collected in the direct surroundings of some marine 
organisms (Coll et al., 1982; Walker et al., 1985; Schulte et al., 1991), but the frequency 
and duration of these exudations are unknown. In soft corals, some species appear to 
retain their toxins while others release them into the surrounding water, possibly 
depending on the relative roles of the compounds in anti-predatory versus anti-
competitor interactions (Sammarco et al., 1985). A field experiment in which 
scleractinian corals were confronted with alcyonacean corals showed that affected 
scleractinian corals were able to recover in non-contact situations (Sammarco et al., 
1985). 

The sponge species Niphates erecta deviated extremely from the relation between 
the two toxicity experiments. Compared to the methanol extract, the effect on Madracis 
mirabilis polyps was much stronger and even lethal using sponge fragments. The low 
degree of toxicity of the methanol extract corresponds with the lack of biological activity 
from other bio-assays which used methanol extracts of N. erecta (Green et al., 1990) 
and with the high palatability of methanol treated pellets (Pawlik et al., 1995). Why 
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exudates from untreated N. erecta fragments induced such a strong reaction is unclear. 
This strong effect of N. erecta fragments on Madracis mirabilis polyps indicates that this 
sponge probably possesses biologically active substances, which makes the lack of a 
clear negative effect using methanol extract rather strange. 

In our study, frequency of coral overgrowth was correlated to methanol soluble toxic 
substances of sponges. The same correlation was found for the sponge fragment 
experiments, with the exception of the extremely aggressive reaction of substances of N. 
erecta. Possibly, its active waterborne molecules are detoxified by methanol extraction. 
Or, this difference in reaction of N. erecta could be explained by the presence of more 
bioactive substances, which was also demonstrated for e.g. the sponge Dysidea 
herbacea (Unson & Faulkner, 1993). The only sponge species which showed a 
completely different pattern concerning coral overgrowth and its relation with toxicity for 
both methanol and sponge fragment experiments is Desmapsamma anchorata, the high 
incidence of overgrowth bears no proportion to its toxicity. The consistency of this 
behaviour makes it unlikely that toxic substances of D. anchorata play a role in spatial 
competition. Possibly, the extremely fast growth rate of D. anchorata (Sanchez, 1984) 
enables it to overgrow organisms. Sponge toxicity was also related to the number of 
individuals, with non toxic species being more abundant than toxic species. This can be 
a consequence of the fact that sponges may compensate lack of chemicals by directing 
their energy to increased growth and reproduction, instead of being used for production 
and storage of secondary metabolites (Chanas & Pawlik, 1995). 

Competitive dominance of sponges towards scleractinian corals has been reported 
for several species (Sullivan et al., 1983; Suchanek et al., 1983; Porter & Targett, 1988), 
but the direct effect on the cover of those species has never been quantified. Only 
Rützler and Muzik (1993) reported the relation between the extreme abundance and 
aggression of the sponge Terpios hoshinota. In our study of the Colombian reefs, an 
inverse relation existed between cover of sponges and their ability to overgrow corals. 
The least aggressive sponges in terms of overgrowth (Raphidophlus venosus, 
Scopalina ruetzleri, Niphates erecta ) were the most abundant. Apparently, fast growing 
opportunistic species (r-strategists) will not compete actively with their neighbours, in 
contrast with slow growing species (k-strategists) which as a consequence need to be 
toxic. Also other rare long lived reef animals are known to be well protected by toxins 
(Endean & Cameron, 1983) and the great aggression of some corals compensated for 
their slow growth (Lang, 1973). According to our results, these relatively toxic slow 
growing species displayed most overgrowths but were not the most abundant. This 
implies that the function of toxic chemicals of sponges, used in spatial competition, is to 
maintain their positions on the substratum instead of actively gaining space. This is 
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supported by the fact that frequency of sponge aggression increases as the density of 

competing organisms increases (Aerts & van Soest, 1997). 

In conclusion, the suggested role of sponge toxicity in competion for space can not be 

rejected by our experiments. If sponge toxicity plays a role in spatial competition 

between sponges and corals it is very likely a passive one, toxic chemicals of sponges 

are used to maintain space and not to compete actively for it. 
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ABSTRACT. The sponge species Desmapsamma anchorata is a very successful 
competitor in reefal environments. To understand its competitive success, overgrowth 
interactions with corals, sponges and other reef organisms were quantified and related to 
characteristics such as sponge growth, regeneration and prédation. Reef surveys at 5 
sites and depths of 5-20 m on Curaçao, showed a significant higher occurrence of D. 
anchorata in shallow waters (5 m depth). D. anchorata (741 specimen) appeared to be a 
common spatial competitor of corals (262 encounters), sponges (44 encounters), algae 
(44 encounters) and gorgonian species (21 encounters). Of these encounters, overgrowth 
by D. anchorata occurred more frequently with sponges, algae and gorgonians than with 
corals (resp. 95.5 %, 100 % and 100 % versus 80.9 %). Growth of D. anchorata was 
irregular and unpredictable (45.2 ±60.3 cm2/month, including temporal shrinkages), but 
potential growth rates are extremely high. Sponge/coral interaction experiments showed 
that such high growth rates enable D. anchorata to overgrow and incorporate foreign 
material. Experimental lesions (1 cm2) regenerated completely within 12 days, much 
faster than in other sponge species. The combination of fast growth and high regenerative 
efficiency allows for a very competitive strategy. High regenerative efficiency, enabling D. 
anchorata to re-attach very rapidly after disturbance, is compulsory for this soft-bodied 
shallow water organism. Experiments with fish suggest a low palatability and toxicity for D, 
anchorata. These ecological characteristics make D. anchorata very successful in spatial 
competition. The competitive dominance of D. anchorata and its patchy distribution mark 
this sponge species as a potentially disturbing factor in coral reef communities. 

INTRODUCTION 

Sessile benthic organisms possess a varying suite of characteristics to survive the 

numerous physical and biological disturbances occurring on coral reefs. These 

adaptations can be morphological (shape, structural enforcement), physiological (growth, 

regeneration, toxicity) or ecological (competition, anti-predation). Sponges are an 

abundant group in reef benthos. Their shape is highly variable and differs within 

specimens of the same species due to environmental conditions (Kaandorp, 1991; 

Becerro et al., 1994). Growth rate, shape and size have been recognised as ecologically 

important for sessile organisms in competition for space (Jackson, 1979; Lopez Gappa, 

1989; Aerts & van Soest, 1997). Similarly, a high regenerative capacity can reduce the 

susceptibility towards injuries from partial prédation, attacks by competing neighbours or 

physical disturbances. 

Sponges play an important role in competition for space (Suchanek et al. 1983; 

Nandakumar et al. 1993), but competitive mechanisms and success of sponges vary 

greatly among species (Aerts & van Soest, 1997; Aerts, subm.). Due to this large 

variation, the role of sponges in spatial competition on a reef depends highly on the 

sponge species composition (Aerts, subm.). Competitive ability of a sponge is not only the 

result of allelochemical interactions but depends also on life history characteristics such 

as growth rate, morphology, regeneration rate and reproductive strategy (Aerts & van 
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Soest, subm.). A specific combination of such features represents the survival strategy 

and determines the fitness and success of a species within the community. To understand 

the mechanisms of spatial competition displayed by sponges, and their role in coral reef 

communities, comparative studies of life history characteristics are needed for relevant 

species. The sponge species Desmapsamma anchorata appears to be one of the most 

aggressive sponge species in Caribbean reefs (Aerts & van Soest, 1997; Aerts, subm.). 

Spatial competition is generally visible as overgrowth, necrosis and bleaching of contact 

areas and in D. anchorata competitive activity occurs as overgrowth of interacting 

neighbours. D. anchorata is a salmon coloured sponge with a sprawling or sometimes 

erect growth form and series of oscular lobes. It has a smooth surface and soft 

consistency and is easily torn (van Soest, 1984). D. anchorata possesses unusual organic 

molecules (Carballeira & Maldonado, 1988; Carballeira & Shalabi, 1994). Laboratory 

experiments with extracts and pieces of D. anchorata showed negative effects on coral 

polyp activity in the coral Madracis mirabilis, but this does not reflect its aggressive 

dominance in the field (Aerts & van Soest, subm.). The successful spatial competition of 

D. anchorata must be the result of other than toxic characteristics. Toxic chemicals in 

sponges can also function as anti-predation mechanism (Green 1977, 1990; Pawlik 

1993), as most reef sponges are preyed upon only by a few specialised vertebrate 

species (Meylan, 1988; Wulff, 1994). To what extent the unusual organic molecules of D. 

anchorata have a function as anti-predation needs to be studied. 

To assess the status of D. anchorata as a competitive benthic element in coral reefs, 

we studied various life history characteristics such as occurrence, interactions, growth 

rate, regeneration and competitive success. These data are discussed in terms of spatial 

competition with the emphasis on the question: to what extent can D. anchorata be 

appointed as a successful competitor in coral reef environments. 

MATERIALS AND METHODS 

Experiments and observations on competition, growth, regeneration, transplantation 

and prédation of the sponge species Desmapsamma anchorata were carried out on the 

coral reefs of Curaçao, Netherlands Antilles (Fig. 1) and interaction experiments in Santa 

Marta, Colombia. 

Naturally occurring interactions. Competitive ability of Desmapsamma anchorata 

was studied by quantifying the occurrence of interaction encounters with corals, sponges 

and other organisms. At site 1 to 4 (see Fig. 1) belt transects were placed at three 

different depths (5 m, 10 m and 20 m) parallel to the coast. At site 5 belt transects were 



Strategy and competitive ability in Desmapsamma anchorata 91 

only sampled at 5 m depth. Five transects of 10 m2 were sampled at each station, 

resulting in a sampling area of 50 m2 per depth and site. 
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FIG. 1. Map of Curaçao with the 5 sites (black dots). Site 1 is Jan Tiel, site 2 Avila Beach, site 3 
Rif Marie, site 4 Daaibooibaai and site 5 Carmabi. 

Each D. anchorata specimen encountered within 5 cm from a coral, sponge or other 

organism was considered as interacting. Four categories of interactions were 

distinguished: overgrowth, peripheral growth, tissue contact and non contact interactions 

(for explanation see Aerts & van Soest, 1997). The number of D. anchorata specimens 

and the overall cover of corals and sponges in the belt transects were recorded. 

Interaction experiments. Sponge specimens were confronted with the coral Madracis 

mirabilis to study interactive behaviour of the sponge. Branches of the coral were tied to 

15 specimens of D. anchorata with plastic coated wire. The distance between the sponge 

and the living coral tissue was < 5 mm. The reaction of the sponge was recorded over a 

27 week period (time intervals see Fig. 5). Branches of M. mirabilis (n=15) were tied to 

pieces of bare rock as a control for the effect of coral handling. 

Growth. Growth rate of D. anchorata was measured at site 2 (5 m, 10 m depth), site 4 

(10 m depth) and site 5 (5 m depth) (see figure 1 for sites) about every two weeks 

between September and December 1995. A total of 80 specimens were labeled, 20 at 

each depth and site. Because of the amorph, non directional growth of D. anchorata 
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sponge size changes were measured in standard surface area (cm2). The maximum 
length of attachment to the substratum and the contour over the sponge (average of four 
fixed points along each sponge) were multiplied to obtain the sponge surface area in cm2. 

Regeneration. Regeneration of experimental lesions of D. anchorata was studied at site 
5, 5 m depth. Lesions of 1 cm2, 0.5 cm deep, were cut into the body wall of 20 sponge 
specimens using a scalpel knife and a mold. The regeneration proces was observed daily 
during the first week and every two days during the second week. 

Transplantation. To study whether a relation exists between the patchy occurrence of 
D. anchorata and possible variation in local growth rates, we performed transplantation 
experiments and growth rate measurements. A total of 80 D. anchorata specimens were 
collected at site 2 at 5 m depth and attached to PVC tubes with plastic coated wire. After 
three weeks of adaptation 20 specimens were translocated to site 1,5 m depth. The 
remaining sponges stayed at site 2 and were transplanted to 20 m (20 specimens) and to 
10 m depth (20 specimens). Twenty specimens remained at 5 m depth to serve as 
controls. 

Prédation. The palatability of D. anchorata was tested during field experiments by 
offering sponge pieces and bread pieces soaked in crude sponge extracts to reef fishes. 
Untreated bread was offered to serve as control. The toxicity of D. anchorata was tested 
during laboratory experiments with Stegastus partitus, a non naturally sponge predator. 
The fishes (n=12) were put into separate 4 litre aquaria with running seawater. Crude 
extracts of D. anchorata (140 gram fresh-weight) were added to 6 aquaria. The remaining 
6 aquaria, treated similarly with addition of seawater, served as controls. Fish behaviour, 
according to Schulte and Bakus (1992), was observed for one hour after addition of the 
sponge extract. This experiment was carried out thrice. 

RESULTS 

Naturally occurring interactions 

A total number of 741 specimens was found in 350 m2 at site 2, 4 and 5. At site 1 and 3 

not a single specimen was encountered in the sampling area (=300 m2). Occurrence of D. 

anchorata was depth related, with a significant higher number of specimens at 5 m depth 

(ANOVA p=0.005; Fig. 2). Differences among sites 2, 4 and 5 were not significant 

(ANOVA p=0.102).A total of 372 interaction encounters were observed between 

Desmapsamma anchorata and other reef organisms. Encounters with corals occurred 

most frequently (70.6 % of the total number of encounters). In most of these encounters 
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the sponge was overgrowing its opponents. D. anchorata was never overgrown by other 

organisms. Overgrowth activity by D. anchorata appeared to be higher towards sponges 

(95.5 %) than towards corals (80.9 %; see table 1). D. anchorata grew over all coral 

species it encountered (n=13, see Fig. 3), but the average frequency of coral overgrowth 

differed per species (43.4 % - 100 %). 
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FIG. 2. Occurrence of D. anchorata in number of specimens per m2 (± SD) for each depth and 
site. Because of a depth related difference in occurrence, the average number of 
specimens per site are separated for 5 m depth (black circles) and for 10-20 m depth 
together (open circles). 

TABLE 1. Total number (N) and occurrence (%) of interaction encounters and overgrowth 
interactions of Desmapsamma anchorata with reef organisms. 

SPECIES TOTAL OVERGROWTH 
GROUP ENCOUNTERS 

N % N % 

CORALS 264 70.6 212 80.9 
SPONGES 44 11.8 42 95.5 
ALGAE 44 11.8 44 100 
GORGONIANS 21 5.6 21 100 
ANEMONES 1 0.3 - -

N TOTAL 374 319 85.3 
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Susceptibility to sponge overgrowth was not significantly different among coral species 

(Kruskal-Wallis p=0.509; Fig. 3). The large variation between the two samples may be 

caused by an unequal rate of encounter (see table 2) or differences in local environmental 

circumstances. 

TABLE 2. Total encounters (N) and overgrowth frequency (in % of number of encounters) of D. 
anchorata for each coral species. Sample 1 and 2 are independent, sampled at the 
same sites and depths. 

SAMPLE 1 SAMPLE 2 
CORAL SPECIES N % N % 

Agaricia agaricites (AAGA) 3 66.7 5 20.0 

Colpophyllia natans (CNAT) 30 90.0 - -
Dichocoenia stokesi (DSTO) 6 83.3 1 100 

Diploria labyrinthiformis (DLAB) 4 100 - -
Diploria strigosa (DSTR) 1 100 5 20.0 

Madracis decactis (MDEC) 4 100 3 66.7 
Madracis mirabilis (MMIR) 45 93.3 2 100 

Meandrina meandrites (MMEA) 5 80.0 2 100 
Millepora spec. (MilISP) 25 88.0 17 82.4 

Montastrea annularis (MANN) 111 67.6 20 30.0 
Montastrea cavernosa (MCAV) 14 92.9 - -

Siderastrea radians (SRAD) 2 100 - -
Siderastrea siderea (SSID) 14 85.7 15 46.7 
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FIG. 3. Average frequency of overgrowth (in % of totai number of encounters) ±SD of each coral 
species by D. anchorata. The average is derived from 2 independent samples (see table 
2). Abbreviations of coral species are shown in table 2. 
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Seven sponge species were observed to interact with D. anchorata. No difference in 

susceptibility to D. anchorata overgrowth was apparent among sponge species as all 

overgrowth percentages were about 100 % (Fig. 4). All encounters of D. anchorata with 

other organisms such ashialimeda opuntia (n=44), gorgonian species (n=21) and 

anemones (n=1) were overgrowth interactions, except for the anemone (table 1). 
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FIG. 4. Frequency of overgrowth (in % of total number of encounters) of each sponge species by 
D. anchorata. Numbers by each black dot represent the total number of encounters for 
each species. ACON = Agelas conifera, CVAG = Callysponia vaginalis, I FEL = Ircinia felix 
NERE = Niphates erecta, NNOL = Neofibularia nolitangere, PANG = Plakortis 
angulospiculatus and SRUE = Scopalina ruetzleri. 

Interaction experiments 

Overgrowth of corals by D. anchorata occurred rapidly in experiments. Within 1 week 

71.4 % of all Madracis mirabilis branches were overgrown by D. anchorata (Fig. 5). After 4 

weeks all branches were overgrown (100 %). In terms of area covered, the coral branches 

were not immediately completely overgrown. After 1 week the mean spatial extent of 

overgrowth was 27.7 % (Fig. 5). All coral branches but two (=96.9 %) were completely 

overgrown 27 weeks after the experiment started. 

Growth 

Growth of Desmapsamma anchorata appeared to be an irregular and unpredictable 

phenomenon. A wide variation in growth rate was found for subsequent measurements 

within and among individual sponges. Besides positive growth (area increase) also 
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negative values (shrinkages) were measured. Both positive values (average 95.9 ±58.5 

cm2/month) and negative values (average -56.5 ±40.9 cm2/month) showed large 

variations. The average growth rate was positive (45.2 ±60.3 cm2/month), with a 

maximum of 676.7 cm2/month and a minimum of -525.9 cm2/month. Growth was not 

correlated with depth (ANOVA, p=0.129; Fig.6). Growth of D. anchorata specimens at site 

5 appeared to be significantly higher than at site 2 and 4 (ANOVA, p=0.001 ; Fig. 6). 
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FIG. 5. Overgrowth of Madracis mirabilis branches by D. anchorata. Black circles represent the 
percentage of total number of individuals which were partly or totally overgrown. Open 
circles represent the total coral area overgrown by D. anchorata. 
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FIG. 6. Mean growth rate in cm2/month (±SD) of D. anchorata specimens for each depth and site. 



Strategy and competitive ability in Desmapsamma anchorata 97 

Differences and similarities in absolute growth values among sites and depths were 

reflected by the occurrence of growth and shrinkage. At each site and depth more sponge 

specimens displayed growth than shrinkage (t-test p=0.026; Fig. 7). Among depths no 

differences were apparent between the occurrence of growth and shrinkage (ANOVA, 

p=0.306). At site 5 growth occurred significantly more and shrinkage significantly less 

compared to sites 2 and 4 (ANOVA, p=0.039). 

100 

FIG. 7. Number of specimens in percentage from total number of specimens (±SE) which 
displayed growth (circles) and tissue loss (squares) for each depth and site. 

Regeneration 

Regeneration of experimental lesions inflicted to Desmapsamma anchorata specimens 

appeared to be a very fast process. All specimens (n=20) with artificially inflicted lesions 

regenerated within 12 days. The regeneration process occurred in 3 phases which were 

almost similar to those described for Agelas clathrodes, Neofibularia nolitangere and 

Ircinia strobilina (Hoppe, 1988). During phase 1 all sponges grew a very thin, transparant 

layer over the damaged surface of the lesion. In phase 2, the ectosomal layer is growing 

from the edges into the opening leaving only a depression in the sponge surface. The 

third phase consisted of filling up this depression until the lesion was completely closed. 

The first phase took place within one day. The second and third phases, which were 

sometimes difficult to separate, lasted the remaining period of about 10-11 days. 
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Transplantation 

Good attachment of the sponges to the PVC tubes was accomplished within 2-3 days. 

Again, growth of the sponge pieces was irregular and highly variable. Transplantation of 

sponges to different depths and other localities did not influence their growth rate 

(ANOVA, resp. p=0.370 and p=0.562). No difference existed between growth of 

transplanted and non manipulated sponges at site 2, 5 m and 10 m depth (ANOVA, resp. 

p=0.258and p=0.301). 

Prédation 

Sponge and crude extract-soaked bread pieces offered to reef fishes during field 
experiments were ignored by all reef fishes, whereas the control pieces were eaten. This 
indicates unpalatability for Desmapsamma anchorata. Fish species present during this 
experiment were surgeonfishes, damselfishes, wrasses, parrotfishes, a french angelfish, a 
filefish and a trunkfish. 

Toxicity tests under laboratory conditions showed some reduced activity and balance 
disordering effects of the fishes during the first 25 minutes, but the fishes slowly regained 
their normal behaviour until they were completely recovered (t=53 minutes). The fishes in 
the control aquaria behaved normal during the experiment. Apparently, crude sponge 
extracts of D. anchorata have no toxic effects on Stegastus partitus. 

DISCUSSION 

The remarkably aggressive behaviour of Desmapsamma anchorata towards corals has 
been noticed in other studies (Aerts & van Soest, 1997; Aerts, subm.). It is interesting that 
the overgrowth activity of D. anchorata was even more succesful towards sponges, algae 
and gorgonians. This phenomenon was also observed for the sponge species Niphates 
erecta (Aerts et al., subm.). Corals mainly defend themselves using sweeper tentacles 
and mesenterial filaments (Lang & Chornesky, 1990). Sponges, gorgonians and algae 
possibly use toxic substances in spatial competition (Sammarco et al., 1983; Nijs et al., 
1991; Porter & Targett, 1988; Sullivan et al., 1983). Apparently, the defensive mechanism 
of corals has a greater restraining influence on overgrowth by D. anchorata than the 
chemical defense of sponges, gorgonians and algae. This restraining influence, however, 
is relative as the extent of coral overgrowth by D. anchorata is very high compared to 
other sponge species (Aerts & van Soest, 1997; Aerts, subm.; Aerts et al., subm.; Aerts & 
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Kooistra, subm.). Overgrowth success of D. anchorata was not mediated by chemical 

substances (Aerts & van Soest, subm.). The main characteristic ensuring competitive 

success of D. anchorata is its fast growth rate. Although irregular and unpredictable 

growth is characteristic for a wide variety of other sponge species (Hoppe, 1988; Wulff, 

1990; Aerts et al., subm.; Aerts & Kooistra, subm.), growth rate of D. anchorata is 

extremely high. The direction of growth occurred in the length (over the substratum), in 

height and in width. Fast horizontal growth is relevant for acquisition of substratum either 

by seeking, or through avoidance of competition with nearby neighbours. Growth in height 

and width becomes important when neigbouring organisms have a growth form other than 

encrusting. Its fast growth rate and flexible shape enables D. anchorata to rapidly 

overgrow and completely incorporate competitors, as is shown by interaction experiments 

with Madracis mirabilis branches. 

Another characteristic favouring overgrowth is the high regenerative efficiency of D. 

anchorata. Compared to other sponge species, damaged tissue was rapidly regenerated 

by D. anchorata (Hoppe, 1988; Aerts et al., subm.; Aerts & Kooistra, subm.), and this 

probably compensates for its soft and fragile consistency. Despite the great variety of 

defensive mechanisms and thus competitive ability in coral species (Lang, 1973; Lang & 

Chomesky, 1990), D. anchorata was able to overgrow all corals it encountered regardless 

of species. Damage to sponge tissue by coral (sweeper) tentacles may cause a lower 

overgrowth frequency of corals compared to sponges and other organisms, as 

regeneration of damaged tissue demands energy (Bak, 1983; Wähle, 1983; Meesters et 

al., 1994), which can result in a temporary decline in competitive activity of D. anchorata. 

Overgrowth of sponges also occurred regardless of species. Since overgrowth of sponge 

species, Halimeda opuntia and gorgonians was close to 100 %, D. anchorata appears to 

be completely indifferent to any chemical defense. 

Besides their function in competitive success, the characteristics of D. anchorata make 

this sponge rather insensible to environmental disturbances. During the present study and 

also during fieldwork on Colombian reefs, overgrowth of D. anchorata by other organisms 

and presence of fouling organisms were never observed. In Colombia it was even the only 

species not overgrown by the highly toxic Palythoa caribbeorum (Gleibs, pers. comm.). 

The reason for the absence of overgrowth and fouling is not quite obvious. Extremely 

toxic metabolites such as phenols and alkaloids are not present in extracts of D. 

anchorata, but it possesses some unusual lipids (Carballeira & Maldonado, 1988; 

Carballeira & Shalabi, 1994), which may function as defensive or anti-fouling agents. Its 

fast growth rate allows D. anchorata to immediately incorporate particles attached to or 

organisms growing in its direct vicinity, as was observed during the interaction 
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experiments with M. mirabilis branches. When touching the soft sponge, incorporated 
foreign particles could often be felt within the sponge tissue (own obs.). 

Prédation by fishes and prédation marks were never observed on D. anchorata 
individuals during field observations. Sponge mucus containing pieces offered to fishes on 
the reef were refused, which points to unpalatability of D. anchorata. The unpalatability 
was not caused by a toxic agent as deterrent effects to fishes were not found during the 
laboratory experiment. It has already been proven that toxicity and unpalatability are not 
necesarily related to each other (Pawlik, et al. 1995). Sponges can have a variety of other 
very species specific anti-predation strategies such as spicule density or tissue toughness 
(Chanas, et al. 1995). In D. anchorata spicules are hardly present and its tissue is very 
soft and easily torn. The mucus from damaged sponge tissue possibly accounts for the 
unpalatability to reef fishes. Besides that, its high regenerative efficiency allows D. 
anchorata to regenerate possible prédation damage at a fast rate. 

Transplantation experiments showed that both vertical (depth) and horizontal (sites) 
limits in distributions were unrelated to local growth rates. These experiments also 
demonstrated the ability of D. anchorata to re-attach itself rapidly to the substratum after 
being disturbed, as was also demonstrated in another study under laboratory conditions 
(Sanchez, 1984). The high abundance at 5 m depth could be the result of asexual 
reproduction. Strong water movements and wave action at shallow depths can easily 
break large D. anchorata specimens, which very rapidly re-attach themselves close to the 
original specimen, resulting in a patchy, clumped distribution. The horizontal distribution of 
D. anchorata is difficult to explain. Although D. anchorata was mainly found at sites with a 
relatively high overall sponge cover, which points to some degree of organic enrichment 
(Wilkinson & Cheshire, 1990; Carballo et al., 1996), it remains difficult to demonstrate a 
direct relationship between environmental parameters and the distribution pattern of D. 
anchorata. Remarkably is the observation that D. anchorata specimens were often found 
on artificial substrata dumped by humans. 

In conclusion, the ecological strategies of D. anchorata (rapid attachment after 
disturbance, high regenerative efficiency, fast growth rate, anti-predative and anti-fouling 
mechanisms and insensitivity towards disturbances) make this sponge species very 
successful in spatial competition. The competitive dominance of D. anchorata and its 
patchy distribution mark this sponge species as a potentially disturbing factor in coral reef 
communities. 
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ABSTRACT. The branching sponge species Niphates erecta is a very common species 
on Caribbean coral reefs. To understand the role of biotic interactions in its common 
appearance and abundance, competitive success towards other reef organisms was 
quantified and studied in relation with characteristics such as growth, regeneration and 
aspects of prédation. A total of 446 specimens was found in 550 m2, sampled at 4 sites 
and depths (5-20 m) on the reefs of Curaçao. N. erecta occurred in significantly higher 
numbers at 20 m depth. There were 333 encounters and N. erecta specimens were 
confronted with corals (n=196), sponges (n=112) and other reef organisms (n=25). Of 
these encounters, overgrowth frequency by N. erecta was higher towards sponges (29.5 
%) than towards corals (15.8 %). Interaction experiments with the coral Madracis mirabilis 
showed that overgrowth activity of N. erecta decreased when confronted with living coral 
tissue. Growth rate of N. erecta was irregular and slow (0.27 ± 0.18 cm/month including 
temporal shrinkages), and not influenced by proximity of potential competitors such as 
corals. Regeneration rate of experimental lesions (1 cm2) was very slow in N. erecta. After 
6 weeks only 55.6% of the lesions were regenerated. Experiments with fishes 
demonstrated high toxicity and low palatability for N. erecta. Probably as a compensation 
for its low regenerative efficiency and growth rate, N. erecta possesses toxic substances 
as defence. We conclude that the combination of life-history characteristics in N. erecta 
do not confirm the usual morphological strategy model of either being committed to a 
fugitive or confrontation strategy in order to survive (Jackson 1979). 

INTRODUCTION 

Although Niphates erecta (Duchassaing and Michelotti, 1864) is one of the most 
common sponges found on Caribbean reefs (Alvarez et al., 1990; Schmahl 1990), little is 
known about the ecology of this branched sponge species. What determines its 
abundance and common distribution on Caribbean reefs? Generally, sponge diversity and 
abundance increases with depth, due to depth related factors such as water movement 
and light conditions (Reiswig 1973; Schmahl 1990; Liddell et al. 1997). Distribution and 
abundance patterns of coral reef sponges are also controlled by prédation (Pawlik 1997; 
Wulff 1988, 1995, 1997). The majority of sponge species protect themselves against 
predators by chemical deterrence (Pawlik et al. 1995) and some species react to a high 
prédation pressure by displaying increased growth and reproduction (Chanas & Pawlik 
1995). For colonisation of new substratum and growth (in terms of area increase) space 
must be available, conquered and maintained. Therefore spatial competition must be an 
important factor in controlling the abundance and distribution patterns of sponges. 
Sponges are known to be important space competitors on coral reefs (Suchanek et al. 
1983; Nandakumar et al. 1993), but competitive mechanisms and success vary greatly 
among species (Aerts & van Soest 1997; Aerts subm. a). Competitive ability of a sponge 
is the result of a combination of life history characteristics such as growth rate, growth 
form, regeneration rate, reproductive strategy and possession of toxic substances (Aerts 
subm.b; Aerts et al. subm.; Aerts & Kooistra subm.). A strategy to avoid spatial 
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competition is morphological adaptation (Jackson 1979). Morphological adaptations occur 
due to special habitat requirements (Sara 1997), physical factors (Kaandorp 1991) or 
competition for space (Becerro 1994). Sponges are very variable in size and shape. The 
advantage of morphological plasticity is obvious: species with more than one growth form 
are able to survive in a greater variety of environments than do monomorphic species 
(Jackson 1979). The growth form of N. erecta is also subjected to differences. On 
Curaçao mainly erect and vine-like growth forms occur, while in the Santa Marta area NE 
Colombia the encrusting growth form prevails. This difference may be the result of a 
higher density of competing organisms (food and space) on the reefs of Curaçao forcing 
N. erecta to grow into height (Jackson 1979). Other characteristics such as possession of 
toxic substances may also play a role in spatial competition. Compared to other marine 
invertebrates, sponges have the largest number and greatest diversity of secondary 
metabolites (Faulkner 1984) which are, besides having anti-predation and anti-fouling 
functions, supposedly used in competition for space (Jackson & Buss 1975). A contrary 
view is that these substances have mainly a passive function in spatial competition, being 
used to maintain space rather than to gain space (Aerts & van Soest subm.). The exact 
role of these toxic substances in spatial competition will be species specific and needs to 
be studied for relevant species in combination with other ecological characteristics. N. 
erecta does posses toxic substances but to what extent they are used in spatial 
competition is not very clear. Bioassays with N. erecta testing anti-predation and anti-
fouling properties have only been performed in the laboratory, using methanol extracts 
(Green et al. 1990; Pawlik et al. 1995). Such results are difficult to apply to in the field, 
also because there is a difference in effect on corals between methanol and pure sponge 
extracts (Aerts & van Soest subm.). To determine whether the secondary metabolites of 
N. erecta function as anti-predatory agents we did ichtyotoxic and palatability tests. 

In this study we examined a variety of life-history characteristics of N. erecta, such as 
competitive ability, growth rate, regeneration rate, possession and function of toxic 
substances. These data are discussed in terms of spatial competition and are also used 
to test existing theories about the relation between growth form, life history characteristics 
and survival strategy (Jackson 1979). 
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MATERIALS AND METHODS 

Experiments and observations on competition, growth, regeneration, transplantation and 

prédation in the sponge species Niphates erecta were carried out on the corai reefs of 

Curaçao, Netherlands Antilles (Fig. 1). 
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FIG. 1. Map of Curaçao with the 4 sites (black dots). Site 1 is Jan Tiel, site 2 Avila Beach, site 3 
Rif Marie and site 4 Daaibooibaai. 

Competition. Naturally occurring interactions. Competitive ability of Niphates erecta 

was studied by quantifying the occurrence of overgrowth of corals, sponges and other 

organisms in belt transects. At site 1 to 4 (see Fig. 1) five transects of 10 m were sampled 

at three different depths (5 m, 10 m and 20 m). Because the 5 m isobath of site 4 covered 

mainly sand it was not sampled. This resulted in a total sampling area of 550 m2. Each 

sponge specimen encountered within 5 cm from a coral, sponge or other organism was 

considered as being in spatial interaction. Four categories of interactions were 

distinguished: overgrowth, peripheral growth, tissue contact and non contact interactions 

(for explanation see Aerts & van Soest, 1997). In addition to the competitive activity of N. 

erecta, the number of N. erecta specimens and the overall cover of corals and sponges 

were recorded. 
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Interaction experiments. Sponge specimens were confronted with the coral Madracis 
mirabilis to evoke a reaction of the sponge. Branches of M. mirabilis were tied to 17 N. 
erecta specimens. Because the variation in distance between sponge and living coral 
tissue very strongly determined the reaction of both organisms (Aerts et al. subm.; Hoppe 
pers. comm.), all N, erecta specimens were brought in contact with the coral tissue. 
Additionally, dead M. mirabilis branches were tied similarly to 12 N. erecta specimens to 
serve as controls. During a period of 2.5 months growth of N. erecta specimens 
confronted with living and dead M. mirabilis branches was examined about every 2 
weeks. Besides growth, attachment area and overgrowth of dead and living coral tissue 
by N. erecta was measured. 

Growth. Growth rate measurements of N. erecta were carried out at site 1 (20 m), site 2 
(10 m, 20 m) and site 4 (10 m, 20 m) (see Fig. 1). At each depth 20 specimens were 
labelled approximately 5 cm from the top. Because growth of branching sponge species 
occurs at the top, the distance between the label and the tip of the sponge was measured 
monthly from August to December 1995 with a millimetre ruler. 

Regeneration. Regeneration of experimental lesions in N. erecta was studied at site 2, 
at 10 m depth. Lesions of 1 cm2 and 0.5 cm depth were inflicted to a total of 18 sponges, 
using a sharpened metal tube. The lesions were located at 10 cm from the bottom of the 
sponge. During 6 weeks the regeneration process was monitored every 2 weeks. Lesion 
diameter was measured with a millimetre ruler. 

Transplantation. To study the possible relation between depth and growth rates, 
sponge transplantation experiments were performed and growth rates measured. At site 2 
at 20 m depth 60 specimens of N. erecta were sampled. All specimens were cut off 
approximately 10 cm below the top and tied to PVC tubes with plastic coated wire. After 
one week of adaptation 20 specimens were transplanted to 10 m and 5 m depth. The 
remaining 20 specimens stayed at 20 m depth to serve as controls. To obtain an 
indication of the effect of the environment, we compared growth rates at normal and 
polluted reefs. At 10 m depth of site 2 40 specimens were cut off 10 cm from the top and 
tied to PVC tubes. After one week 20 specimens were translocated to site 110 m depth 
and the remaining 20 specimens stayed at site 2 to serve as controls. 

Prédation. Palatability of N. erecta was tested during field experiments offering sponge 
pieces and bread pieces soaked in crude sponge extracts to reef fishes. Untreated bread 
was offered to serve as control. The fish species attracted to the food and their reactions 
were noted. Ichtyotoxicity tests were carried out in the laboratory with Stegastus partitus, 
a non natural sponge predator. The fishes (n=12) were captured on the reef and put into 
separate 4 litre aquaria with running seawater. Crude extract of N. erecta (140 gram 
fresh-weight) was added to 6 aquaria. The control aquaria (n=6) were treated similarly 



Strategy and competitive ability in Niphates erecta 107 

with addition of seawater. Fish behaviour was observed during one hour after addition of 
sponge liquids (methodology Schulte and Bakus 1992). This experiment was carried out 
twice. 

RESULTS 

Competition 

Naturally occurring interactions. In 550 m2 a total of 446 Niphates erecta specimens 
were found. The sponge showed a depth related distribution with significantly more 
specimens at 20 m depth than at 5 m depth (Tukey-Kramer multiple comparison, p=0.018; 
Fig. 2). These depths represent two extremes as there was no significant difference in 
abundance between 5 and 10 m and 10 and 20 m depth (Tukey-Kramer multiple 
comparison, resp. p=0.763 and p=0.055). Abundance of N. erecta was similar for each 
site (ANOVA, p=0.754). 
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FIG. 2. Occurrence of N. erecta in number of specimen per m 2 (± SD) for each depth and site. 

A total of 333 interactions were observed between Niphates erecta and other reef 
organisms. In only a small fraction of these encounters N. erecta was overgrowing its 
opponents (20.7 %; see table 1). Although most encounters were with corals (58.9 % of 
the total number of encounters), the overgrowth activity of N. erecta appeared to be 
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highest towards sponges (29.5 %). Of the 17 coral species it encountered 10 were 

overgrown by N. erecta, with overgrowth percentages between 3.7 % and 25 % (Fig. 3). 
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FIG. 3. Average frequency of overgrowth (in % of total number of encounters) ±SD of each coral 
species by N. erecta. The average is derived from 2 independent samples (see table 2). 
Abbreviations of coral species are shown in table 2. 

TABLE 1. Total number (N) and occurrence (%) of interaction encounters and overgrowth 
interactions of Niphates erecta and sessile benthic reef organisms. * = encrusting 
growth form. 

SPECIES TOTAL ENCOUNTERS OVERGROWTH 
GROUPS N % N % 
CORALS 196 58.9 31 15.8 
SPONGES 112 33.6 33 29.5 
•TUNICATES 17 5.1 0 0.0 
GORGONIANS 6 1.8 4 66.7 
SEA WHIPS 1 0.3 0 0.0 
*RED ALGAE 1 0.3 0 0.0 

N TOTAL 333 68 20.7 

The exceptionally high overgrowth frequency of the genus Millepora (68.8 %) mark these 

corals as very susceptible to overgrowth by N. erecta. However, due to large variations, 

none of the differences in overgrowth susceptibility were significant (Kruskall-Wallis 

p=0.170). In view of the low overgrowth frequency of A/, erecta, lack of overgrowth of coral 
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species is very likely caused by the low number of encounters (table 2). Meandrina 

meandrites is an exception being quite resistant to overgrowth by N. erecta, because 

overgrowth never occurred in all 21 encounters. N. erecta grew over 15 of the 22 sponge 

species it encountered. There are clearly three groups (Fig. 4). Sponge species not 

overgrown (n=7) and sponges always overgrown (n=4) were only sporadically 

encountered by N.erecta (n<3 encounters). Overgrowth susceptibility of the remaining 11 

sponge species was more or less similar, with overgrowth percentages between 33.3 % 

and 60 % (Fig. 4). An exception formed the sponge Scopalina ruetzleri with only 8.2 % of 

all specimens overgrown by N. erecta. N. erecta itself was observed to be overgrown by 

the compound tunicate Trididemnum solidum (n=13), sponges (n=11), corals (n=8), 

gorgonians (n=2) and encrusting red algae (n=1). 
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ACLA Agelas clathrodes HPRO Hyrtios proteus 
ACON Agelas conifera IBIR lotrochota birotulata 
AFUL Aplysina fulva ISTR Ircinia strobilina 
ALAC Aplysina lacunaosa MARB Monanchora arbuscula 
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FIG. 4. Frequency of overgrowth (in % of total number of encounters) of each sponge species by 
N. erecta. Numbers by each black dot represent the total number of encounters for each 
species. For abbreviations of sponge species names see table. 



110 Chapter 7 

TABLE 2. Total encounters (N) and overgrowth frequency (in % of number of encounters) of N. 
erecta for each coral species. Sample 1 and 2 are independent, sampled at the same 
sites and depths. 

CORAL SPECIES SAMPLE 1 SAMPLE 2 
N % N % 

0.0 Agaricia agaricites (AAGA) 32 21.9 17 
% 
0.0 

Agaricia grahamae (AGRA) 1 0.0 0 0.0 
Agaricia lamarcki (ALAM) 3 0.0 0 0.0 

Colpophyllia natans (CNAT) 1 0.0 0 0.0 
Dichocoenia stokesi (DSTO) 3 0.0 2 50.0 

Diploria labyrinthiformis (DLAB) 2 0.0 0 0.0 
Diploria strigosa (DSTR) 4 0.0 0 0.0 

Eusmillia fastigiata (EFAS) 3 0.0 3 0.0 
Helioseris cucullata (HCUC) 2 0.0 0 0.0 

Madracis decactis (MDEC) 47 19.1 69 23.2 
Meandrina meandrites (MMEA) 21 0.0 23 8.7 

Millepora spec. (MILLsp) 8 87.5 8 50.0 
Montastrea annularis (MANN) 27 7.4 19 0.0 

Montastrea cavernosa (MCAV) 17 5.6 15 6.7 
Porites astreoides (PAST) 10 20.0 24 0.0 

Siderastrea siderea (SSID) 8 25.0 6 16.7 
Stephanocoenia michelini (SMIC) 1 0.0 9 33.3 
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FIG. 5. Mean growth rate in cm/month (±SE) of N. erecta specimens confronted with living and 
dead branches of the coral Madracis mirabilis. 

Interaction experiments. Growth rate of sponge specimens confronted with living 

Madracis mirabilis branches was not significantly different from those in contact with dead 

M. mirabilis branches (Fig. 5). This was caused by the large variation in growth rate of the 

control sponges. 

First reaction of sponges confronted with the coral was attachment of sponge tissue to 

the coral branch. All 17 sponge specimens in contact with the dead part of the coral 
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branch were attached to the coral in 12 days. Of these 17 sponge specimens 13 were 

also in contact with living tissue of the coral branch. Attachment to the living coral tissue 

was accomplished in 12 days for 10 specimens (=76.9 %) and in 27 days for 3 specimens 

(=23.1 %). Of the 17 sponge specimens 4 had no contact with living coral tissue. Despite 

lack of contact, attachment to living coral tissue occurred in 3 specimens in 76 days. One 

specimen remained un-attached to living tissue. 
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FIG. 6. Attachment distance of N. erecta (in cm, ±SE) along the living part and dead part ofM. 
mirabilis branches and control branches. Living and dead parts refer to parts of the branch 
with living and dead corallites Control branches are completely bare and eroded. 
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FIG. 7. Overgrowth progress of living, dead and control coral branches of M. mirabilis (in cm2) 
during approximately three months. 

The distance along the coral border at which N. erecta was attached (attachment 

distance) was significantly greater for the control corals and dead coral tissue than for 

living coral tissue (ANOVA, p<0.001; Fig.6). In parallel, the coral area overgrown by N. 
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erecta was significantly greater for control corals and dead coral tissue than for living coral 

tissue (ANOVA, p<0.05; Fig.7). 

Growth 

Growth of Niphates erecta appeared to be irregular and unpredictable and included 

positive growth (0.45 ±0.16 cm/month) and temporal shrinkage (-0.55 ±0.66 cm/month). 

Shrinkages showed larger variations than growth. Despite the occurrence of shrinkages 

the average growth rate was positive (0.27 ± 0 . 1 8 cm/month), with a maximum of 7.3 

cm/month and a minimum of -6.3 cm/month. Growth was not correlated with depth 

(ANOVA, p=0.836) nor with site (ANOVA, p=0.517; Fig. 8). At each depth and site growth 

occurred significantly more than shrinkage (t-test p<0.001; Fig. 9). No differences in the 

occurrence of growth and shrinkage where apparent among depth and sites (ANOVA, 

p=0.488). 
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FIG. 8. Mean growth rate in cm/month (± SE) for each depth and site. 

Regeneration 

Regeneration of experimental lesions inflicted to Niphates erecta specimens appeared 

to be very unpredictable. In 6 weeks only 55.6 % of all lesions regenerated. The 

remaining sponge specimens showed not a single sign of lesion regeneration. The 

regeneration process occurred in phases which were almost similar to those described 
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(Hoppe 1988; Aerts et al. subm.; Aerts & Kooistra subm.). During the first phase the 

lesions were rounded off at the bottom. In phase 2 the ectosomal layer was growing from 

the bottom filling the wound, leaving only a depression. This sponge tissue had a paler 

colour and its texture was wider meshed than the surrounding undamaged sponge tissue. 

The third phase consisted of filling of the superficial depression until the lesion was 

completely closed. The first phase took place within 2 weeks. The second and third 

phases, which were sometimes difficult to separate, lasted the remaining period 

(approximately 4 weeks). Despite presence of zoanthids in the surrounding sponge tissue, 

no zoanthids settled in the lesions. 

FIG. 9. Number of specimen (percentage from total number, ±SE) which displayed growth (black 
bars) and shrinkage (spotted bars) for each depth and site. 

Transplantation 

Due to the irregular and variable growth of transplanted sponges (average -0.61 ±2.40 

cm/month), no differences existed among depths and sites (ANOVA, resp. p=0.265 and 

p=0.646; Fig. 10). Average shrinkage was -1.61 ±2.94 cm/month and average growth was 

0.57 ±0.82 cm/month. Sponges transplanted from 20 m to 5 m depth lost their colour. 

Manipulation of sponges had negative effects on the growth rate, as this was significantly 

different between manipulated and non- manipulated sponges at 10 m depth, 20 m depth 

and site 2 (ANOVA, resp. p=0.039, p=0.033 and p=0.006; Fig. 10). At site 1 this difference 

was not significant because of the extremely large variation in growth rate of the 
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manipulated sponges. The lower growth rates of manipulated sponges was caused by the 

higher number of individuals displaying shrinkage. The lack of difference in occurrence of 

growth and shrinkage for the manipulated sponges (t-test, p=0.635; Fig. 11) contrasted 

with the occurrence of growth and shrinkage of the non-manipulated sponges (compare 

Fig. 9 with Fig. 11). 
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FIG. 10. Mean growth rate in cm/month (±SE) of manipulated sponge specimen (black dots) and 
non manipulated sponge specimen (white dots) for each depth and site. 
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FIG. 11. Number of manipulated specimen (percentage from total number, ±SE) which displayed 
growth (black bars) and shrinkage (spotted bars) for each depth and site. 
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Prédation 

Sponge pieces and bread pieces soaked in crude sponge extracts of Niphates erecta 

were actively ignored by all reef fishes, whereas the control pieces were eaten. Fish 

species present during this experiment were surgeonfishes, damselfishes, wrasses, 

parrotfishes, a french angelfish, a filefish and a trunkfish. Crude extracts of N. erecta (= 

extracts without addition of any solvent) had obvious toxic effects on the bicolour 

damselfish. After 27 minutes of erratic swimming behaviour, gulping of air at the surface 

and loss of balance, all fishes died after 65 minutes. Fishes in the control aquaria 

displayed normal behaviour during the experiment. Apparently N. erecta was both toxic 

and unpalatable for fishes. 

DISCUSSION 

In accordance with the normal sponge distribution pattern, Niphates erecta was more 
abundant in deep than in shallow reefs. This distribution pattern was not caused by 
differences in growth rate, as sponges transplanted to different depths showed similar 
growth rates. The bleaching of transplanted sponges observed at 5 m depth may be 
indicative for a sensitivity towards UV-radiation. Many sponge species posses symbiotic 
micro-organisms (Arillo et al. 1993; Diaz 1997) serving as a protection against UV-B 
(Baker & Smith 1982; Jagger, 1985). Sponge populations occurring in deep water, where 
UV- radiation is much lower than in shallow waters (Baker & Smith 1982), probably 
posses lower concentrations of these micro-symbionts or do not posses them at all. 
Secondary metabolites may also absorb solar UV-radiation (Stachowicz & Lindquist 
1997). Deep water sponge populations, being less subjected to UV-radiation, may 
produce lower concentrations of secondary metabolites. When transplanted from deep to 
shallow waters these sponge specimens may be more susceptible to UV-radiation. 

N. erecta was found to interact with corals most frequently. However, similar to the 
sponge species Desmapsamma anchorata (Aerts et al. subm.) N. erecta displayed more 
overgrowth towards sponges than towards corals. The defensive mechanisms of corals 
appear more successful against N. erecta than that of sponges. Contact with living coral 
tissue had a negative influence on attachment of N. erecta and overgrowth of living coral 
tissue was more difficult than overgrowth of dead coral parts. The defensive mechanism 
of corals clearly has some restraining influence on growth of N. erecta. Obviously, the 
success of coral overgrowth by N. erecta depended on coral species identity. The 
hydrocoral Millepora alcicornis was most susceptible to overgrowth by N. erecta. The 
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corals least overgrown by N. erecta were among the most aggressive according to the 
coral hierarchy of Lang (1973). N. erecta seemed to be sensitive to the defensive 
mechanism of specific corals having very species specific competitive mechanisms. 

What features enable N. erecta to compete successfully? A fast growth rate, one of the 
factors facilitating competition for space (Bak et al. 1996; Aerts et al. subm.), is not a 
characteristic in N. erecta. Its growth rate is rather slow, compared to that of other 
sponge species (Hoppe 1988; Aerts et al. subm.; Aerts & Kooistra subm.) and was not 
influenced by proximity of competing organisms (this study). Typically for branched 
sponges growth occurs exclusively by adding tissue to the tips of erect branches (Wulff, 
1990). This erect growth form enables N. erecta also to escape spatial competition 
growing in height. In branching species, such as N. erecta, asexual reproduction occurs 
commonly through various agents of partial mortality (Wulff 1990). Branches break into 
several fragments which continue to grow separately. 

For a successful spatial competition, possession of toxic substances is a favourable 
characteristic. To what extent toxic chemicals are used in spatial competition (actively or 
passively) remains unclear (Aerts & van Soest, subm.) and is very species specific. N. 
erecta fragments appeared to be very toxic towards corals (Aerts & van Soest, subm.). 
This extreme toxic effect stood in no relation to its overgrowth activity observed in the 
field, implying that N. erecta does not use secondary metabolites to actively overgrow 
corals. In view of the relative stability of N. erecta in terms of space occupancy (Aerts, 
subm. b), toxic substances of this sponge are likely used to maintain its position on the 
substratum. Substratum competition also includes defences against prédation and fouling 
organisms. In N. erecta toxic substances function as anti-predatory agents. Because 
sponge tissue of N. erecta regenerated very slowly compared to other sponge species 
(Hoppe 1988; Aerts et al. subm.; Aerts & Kooistra subm.), an effective protection against 
prédation is certainly not redundant. Because the surface of the lesions showed no 
colonization by organisms, toxic substances of N. erecta may also function as anti-fouling 
agents. Some species however, seemed to be indifferent to these toxic substances as N. 
erecta was found being overgrown by the encrusting tunicate Trididemnum solidum, a 
very successful spatial competitor (Bak et al. 1996). 

Although N. erecta is able to overgrow corals and sponges, this sponges species can 
not be considered as a very aggressive competitor such as the sponge Desmapsamma 
anchorata (Aerts et al. subm.). N. erecta has notably more difficulty overgrowing corals 
than sponges, gorgonians, encrusting algae and bare substratum. This may be one of the 
factors determining the distribution of N. erecta as it occurred mainly at depths where 
coral cover is low. 
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Because the growth form of N. erecta is highly variable (e.g. encrusting, vine-like and 

erect) it is difficult to relate life-history characteristics to its growth form.The combination of 

life-history characteristics of N. erecta, such as slow growth and low regeneration rate are 

typical for species with a refuge-oriented strategy, being poor competitors (Jackson 1979). 

Although not aggressive, N. erecta is certainly not a poor competitor as overgrowth of 

other reef organisms occurred regularly. Due to its competitive ability and toxic properties 

N. erecta is able to successfully defend and maintain its position on the substratum, thus 

exhibiting a confrontation strategy. This strategy belongs to species with a medium to high 

regeneration and growth rate (Jackson 1979). We can conclude that the assumptions and 

predictions of the morphological strategy model of Jackson (1979) do not apply to N. 

erecta. 
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ABSTRACT. The excavating sponge species Anthosigmella varians (Duchassing & 
Michelotti) is able to monopolise large reef areas. To understand the underlying 
mechanisms of this space monopolization, life history characteristics of A. varians 
colonies, viz. growth rate, regeneration, toxicity and competitive ability were studied in 
situ and related to its success in spatial competition. A total of 222 A. varians specimens 
were found in 2400 m2 at three sites and depths between 5-20 m on the reefs of Santa 
Marta, Colombia. Its distribution was not depth related but differed between sites, with 
79.3 % of all individuals occurring at one site. Encounters between A. varians 
specimens and corals occurred more frequently (n=107) than with sponges (n=74) and 
other reef organisms (n=12). In these encounters corals and sponges were overgrown 
by A. varians in similar proportion (23.4% versus 20.3%), but there exists a difference in 
overgrowth susceptibility among coral and sponge species. The growth rate of A. 
varians was variable, average 1.2 ±2.7 cm2/month including temporal shrinkages. 
Colony regeneration was measured of experimental lesions. All lesions (6 cm2) 
regenerated within 60 days but shallow lesions (5 mm) closed faster than deep lesions 
(10 mm). A. varians also possesses chemical substances which had a toxic effect on 
coral polyp activity and which may play a role in spatial competition. Our study shows 
that A. varians is able to compete successfully for space with corals and sponges. 
However, growth of A. varians is relatively low and A. varians needs specific abiotic 
circumstances, such as strong currents and intermediate depths, to reach optimal size. 
Such restrictions limit space monopolization of A. varians to specific areas on the reef. 

INTRODUCTION 

Sponge species richness and heterogeneity on coral reefs tend to increase with 
depth in response to diminishing physical disturbance and light intensity (Wilkinson & 
Evans 1989; Alcolado, 1994) and under optimal conditions coral reefs have high coral 
cover in shallow waters, showing increasing sponge cover at greater depth. However, 
anthropogenic pollution of organic and inorganic nutrients directly or indirectly favours 
algae and sponges over corals (Wilkinson & Cheshire 1990; McCook et al. 1997), 
disturbing the normal distribution pattern on reefs. Eutrophication may also result in an 
increasing abundance of clionid sponge species, the main bio-eroders of reefs (Holmes 
1997). 

Due to organic pollution, coral reef development in the Santa Marta area, NE 
Colombia, is fairly poor and sponge abundance relatively high (Zea 1994). This is also 
the case for excavating sponges, which reach high diversity and abundance (Hofman & 
Kielman 1992). The excavating sponge species Anthosigmella varians (Duchassaing 
and Michelotti) is not uncommon on the reefs of Santa Marta and occurs on a variety of 
substrata. As the name implies, this sponge species is very variable in shape and size. 
Growth forms observed include encrusting, globular, digitate, massive or amorphous 
shapes (Vicente 1978). Encrusting growth sets no special mechanical constraints for 
colony support and growth is potentially infinite, although it is usually limited by extrinsic 
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factors such as presence of other organisms (Jackson 1983). The existence of 
photosynthetic zooxanthellate symbionts in the tissue of A. varians supports the idea 
that this sponge uses light for growth (Corredor et al. 1990; Vicente 1990; Rosell & Uriz 
1992). Because of this characteristic, A. varians and corals can be considered as direct 
spatial competitors. Perhaps the most important element in the impact of A. varians on 
the reef bottom community is extensive space monopolisation (Vicente 1978). On the 
reefs of Santa Marta A. varians can reach dimensions up to 1 m2. Because of its boring 
activity and large space monopolisation A. varians may be assumed to negatively affect 
coral community structure and stability. 

In the present study we focus on the competitive activity of A. varians. We quantified 
its aggression towards corals, sponges and other sessile reef organisms. To understand 
the strategy employed by A. varians, other life history characteristics such as growth 
rate, regenerative efficiency and toxicity were also studied. Transplantation experiments 
to different depths were carried out to examine the relation of the occurrence of A. 
varians with light, a major environmental factor. 

The data were related to the competitive ability of A. varians with emphasis on the 
question: What enables A. varians to cover such large areas? 

MATERIALS AND METHODS 

Experiments and observations on competition, growth, regeneration, transplantation 
and toxicity of the sponge species Anthosigmella varians were carried out on the coral 
reefs of the Santa Marta area, Colombian Caribbean (Fig. 1). Three sites were chosen, 
each with different environmental conditions. A roughly defined gradient of increased 
coral cover and decreased sponge cover exists from the city of Santa Marta to the east, 
caused by higher sediment and nutrient loads around the city, (Werding & Sanchez, 
1988; Zea & Duque, 1989; Zea, 1994). This results in higher sedimentloads at site 1 
than at site 2 and 3 and lower visibilities at site 1 and 2 than at site 3 (see also Aerts & 
van Soest, 1997; Fig. 1). Another abiotic factor which differed among the 3 sites is water 
movement. At site 2, an island at a short distance from shore, strong currents occur more 
frequently than at the more sheltered sites 1 and 3 (pers. obs.). 

Competition. The abundance of Anthosigmella varians and its competitive ability 
were studied by quantifying number and cover of A. varians colonies and overgrowth 
interactions in belt transects. Five transects of 10 m were sampled with quadrats of 1 m2 

at 16 depths between 5 - 20 m at each site, resulting in a total sampling area of 2400 m2. 
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In each quadrat we recorded: 

- % cover and perimeter (in cm) of all A. varians colonies. 

- % cover of hard substratum. 

- overgrowth of corals, sponges and other organisms by A. varians . 

- contact and non contact interactions of A. varians with corals, sponges and other 

organisms, within a maximum interacting distance of 1 cm. 

Interacting sponges and corals were identified at the species level. 

0 1 2 3 KM 

FIG. 1. Map of the Santa Marta area, NE Colombia with the 3 sampled sites (black dots). Site 1 
Punta de Betin, Site 2 = Isla El Morro and Site 3 = Bahia Chengue 

Growth. Growth rate of A. varians was measured at 10 m, 15 m and 20 m depth at 

each site every two weeks between April and August 1994. A total of 102 colonies, 

encrusting growthform, were randomly selected and marked with nails close to the 

colonies. Of these colonies 37 were in contact with neighbouring colonies of the coral 

Montastraea cavernosa and 65 were without any contact with neighbouring organisms. 

The nails served as reference points for a transparant template of 10x10 cm, divided into 

squares of 1 cm2. The size of each colony was measured counting the number of 1 cm2 

squares covered by the sponge. 
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Regeneration. Regeneration of experimental lesions was studied at site 2 and 3 at 
10 m depth. At each site 24 lesions of 6 cm2 were cut into the sponge tissue using an 
iron tube (r=1.40 cm). Two types of lesions were inflicted, deep lesions (10 mm, n=12) 
and shallow lesions (5 mm, n=12). The regeneration proces was observed weekly, 
measuring the diameter of the lesion, during 60 days following infliction of the lesion. 

Transplantation. To determine whether the distribution pattern of Anthosigmella 
varians was related to a local growth response due to different light conditions, we 
performed transplantation experiments and growth rate measurements at 6 different 
depths. A total of 72 sponge samples with a cross-section of 53 mm were collected from 
one huge A. varians colony at site 2 at 10 m depth and transported to site 1. All sponge 
samples were fixed on concrete blocks of 30 x 30 cm (n=6, 12 sponges to each block) 
40 cm above the substratum. To facilitate good attachment of the sponge samples, the 
concrete blocks remained at 5 m depth during a period of 18 days. After transplantation 
of the blocks to 5 m, 10 m, 15 m, 20 m, 25 m and 30 m depth, the surface area of the 
sponges samples were measured weekly from week 1 to 8 and from week 42 to 48. 

Toxicity. To determine whether the competitive ability of Anthosigmella varians 
towards corals was possibly chemically mediated, toxicity experiments were carried out, 
exposing the coral Madracis mirabilis with methanol extracts and live fragments of A. 
varians. We used 6 aquaria, containing 6 coral branches each. Four were used to test 
the extract and fragments (coral branches n=24) and 2 served as controls (coral 
branches n=12). The effect of the extract and live sponge fragments on M. mirabilis was 
measured counting the number of branch tips with open, half open and retracted polyps 
every 5 or 10 minutes for the first hour and subsequently every 30 minutes. 

Methanol extracts. Sponge specimens were cut into small fragments and preserved in 
500 ml methanol for two weeks. The extracts were filtered and the filtrates concentrated 
by evaporation under reduced pressure (rotation evaporator). To get a maximal 
extraction, another 500 ml methanol was added to the sponge fragments and the 
procedure was repeated. At t=0 minutes an amount of extract was added to the 
experimental aquaria and a similar amount of methanol to the control aquaria. If the 
polyp activity remained constant for one hour, new extract was added until the coral 
polyps reacted to addition of the extract. Duration of the experiment was max. 6 hours. 
The methanol extract experiment was carried out twice, with extracts of different 
concentrations (3.5 g/ml and 5.3 g/ml). 

Live fragments. Sponge specimens were cut into small fragments and suspended in 
the aquaria imitating exudation of chemicals by damaged sponges. The experiment 
started after the fragments were suspended in the aquaria. To avoid an effect due to 
decay of dying sponges, the duration of each experiment was limited to four hours. 
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R E S U L T S 

Competition 

In the total sampling area (2400 m2) 222 specimens of Anthosigmella varians were 

found. The distribution of these specimens was not depth related (ANOVA p=0.110) but 

differed between sites (ANOVA p<0.001; Fig. 2), with highest abundance at site 2 (176 

specimen). The same results were found for A. varians cover, as number of specimens 

and cover were related (linear regression R2=0.99, p<0.001). Maximum size of A. 

varians observed in this study the was 5600 cm2 and the minimum size 9 cm2. 
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FIG. 2. Occurrence of A. varians in number of specimen per m2 (± SE) for each depth and site. 

A total of 193 encounters were observed between Anthosigmella varians and other 

reef organisms (Table 1). Encounters with corals occurred more frequently (n=107) than 

with sponges (n=74) and other reef organisms (n=12). Overgrowth by A. varians was 

common, 21.8 % of the total number of encounters consisted of overgrowth by A. 

varians. This overgrowth activity was similar towards corals (23.4 %) and sponges (20.3 

%) (Table 1). A. varians was never observed to be overgrown by other organisms. We 

observed encounters with 9 coral species, of which 7 species were overgrown by A. 

varians (Fig. 3). The coral species Agaricia agaricites, Millepora alcicornis and 

Montastraea cavernosa were least susceptible, whereas Diploria strigosa, Madracis 
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decactis and Meandrina meandrites were most susceptible to overgrowth by A. varians 

(Fig. 3). That in the remaining two coral species, Montastraea annularis and Siderastrea 

siderea, overgrowth did not occur, is very likely caused by the low number of encounters 

observed. 

TABLE 1. Occurrence of encounters and overgrowth interactions of Anthosigmella varians with 
corals, sponges, algae, gorgonians and anemones. Both number (N) and percentages 
(%) are given. 

SPECIES TOTAL ENCOUNTERS OVERGROWTH 

GROUP N % N % 
CORALS 107 55.4 25 23.4 

SPONGES 74 38.3 15 20.3 
ALGAE 9 4.7 2 22.2 

GORGONIANS 2 1.0 0 0.0 
ANEMONES 1 0.5 0 0.0 

N TOTAL 193 42 21.8 
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FIG. 3. Frequency of overgrowth (in % of total number of encounters) of each coral species by A. 
varians. Numbers by each bar represent the total number of encounters for each species. 
AAGA = Agaricia agaricites, DSTR = Diploria strigosa, LCUC = Leptoceris cucullata, MALC 
= Millepora alcicornis, MANN = Montastrea annularis, MCAV = Montastrea cavernosa, 
MDEC = Madracis decactis, MMEA = Meandrina meandrites and SSID = Siderastrea 
siderea. 
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Only 6 of the 14 sponge species engaged in encounters with A. varians were overgrown 

(=42.9 %). Differences in overgrowth activity towards sponge species was not only 

caused by a low number of encounters observed (Fig. 4). Other organisms observed in 

interaction with A. varians were the alga Dictyota spec (n=9), octocorallia (n=2) and an 

anemone (n=1). Overgrowth occurred in 2 of the 9 encounters with Dictyota spec. 

FIG. 4. Frequency of overgrowth (in % of total number of encounters) of each sponge species by A. 
varians. Numbers by each bar represent the total number of encounters for each species. 
ACAU = Aplysina cauliformis, ACLA = Agelas clathrodes, ACON = Agelas conifera, ADIS = 
Agelas dispar, AVAR = Anthosigmella varians, HCAE = Halisarca caerulea, IFEL = Ircinia 
felix, ISTR = Ircinia strobilina, MARB = Monanchora amuscula, PLUN = Pseudaxinella 
lunaecharta, RVEN = Rhaphidophlus venosus, SCOC = Spirastrella coccinea, SRUE = 
Scopalina ruetzleri and XMUT = Xestospongia muta. 

Growth 

Growth of Anthosigmella varians showed large variations including area increase (2.9 

±2.8 cm2/month) and area decrease (-2.5 ±2.8 cm2/month). The absolute values of area 

increase and decrease were very similar but area increase occurred much more often 

than area decrease (94.4 % versus 25.6 %). The overall growth rate was positive (1.2 ± 

2.7 cm2/month), with a maximum of 12.9 cm2/month and a minimum of -10.6 cm2/month. 

Growth rate was not correlated with depth nor with locality (ANOVA, resp. p=0.862 and 

p=0.698; Fig. 5). Also, growth rate was not influenced by potential competitors as the 

average growth rate of A. varians colonies with and without contact with M. cavernosa 

colonies was respectively 1.3 ± 2.0 cm2/month and 1.1 ± 3.1 cm2/month. 
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FIG. 5. Average growth rate in cm2/month (±SE) of A. varians specimens for each depth and site. 
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FIG. 6. Average lesion size (in cm2) through time for shallow (5 mm) and deep lesions (10 mm) at 
two sites. Squares represent site 2, circles site 3, black symbols represent shallow lesions 
and open symbols represent deep lesions. 

Regenerat ion 

Regeneration of experimental lesions inflicted to Anthosigmella varians specimens 

appeared to occur in phases, also described for other sponge species (Hoppe 1988; 

Aerts et al. subm.a; Aerts et al. subm.b). Phase 1 consisted of production of white 
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mesophyl tissue at the edges and the bottom of the lesion (0-3 days). During phase 2 

and 3 the white mesophyl tissue started to grow inwards from the edge and the bottom 

of the lesion and slowly changed to the normal ectosomal appearance (3-60 days). 

Among sites no difference was apparent between regeneration rate of the lesions (GT2-

method and Gabriel's approximate method, p>0.05; Fig. 6). Regeneration of both 

shallow and deep lesions was characterized by the theoretical model: Lesion size = S 

+ [Smax * 10 (sl°Pe x days)]. j n j s m o de l , which includes an asymptote, proved to be a good 

approximation for the regeneration process as minimal 98 % accounted for the total 

variation (r2 = 0.98). The first 4 weeks the regeneration rate of shallow lesions was faster 

(0.21 cm2/day) than of deep lesions (0.16 cm2/day). During the last 4 weeks this was the 

reverse, 0.01 cm2/day for shallow lesions and 0.05 cm2/day for deep lesions. 

Transplantation 
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FIG. 7. Area increase and decrease (in cm2) of transplanted sponge specimens at 6 different depths 
during a 48 week period. 

Due to the tough consistency of A. varians it was easy to manipulate and a good 

attachment of the sponges to the concrete blocks was accomplished within 2-3 weeks. 

At 5 m, 10 m, 15 m and 30 m depth growth was irregular and slow during the first four 

weeks (Fig. 7). In the same period sponges at 20 m and 25 m depth showed a regular 

and almost linear area increase. Changes in sponge area hardly occurred from week 4 
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to 8 (except for decrease at 30 m), and the observations were canceled. After 42 weeks 
all sponge pieces had shown area decrease. They slowly continued to decrease over 
the next weeks to a size smaller than the initial size. Two groups could be distinguished 
after 48 weeks (independent t-test, p<0.05), with the first group (average size 19.3 ± 
13.6 cm2) consisting of 15 m, 20 m, 10 m and 25 m and the second group (average size 
5.4 ± 9.2 cm2) consisting of 5 m and 30 m depth. At 5 m and 30 m depth the sponges 
became covered with a fungus-like layer which caused bleaching of the sponge 
followed by blackening of the tissue. At this stage attachment between sponge and 
substratum was weak and, probably due to currents, the sponge fragments finally 
disappeared. During the transplantation experiment algae and sediment covered the 
bare substratum between the sponge pieces while the sponge surfaces stayed clean. 
Area increase of the transplanted A. varians pieces occurred only in two dimensions 
(length and width). 

Toxicity 

Methanol extracts of Anthosigmella varians appeared to have a toxic effect on the 
polyps of Madracis mirabilis. Both experiments showed 100 % retraction of polyps at a 
concentration of 3.1 g/l. Once retracted, the polyps did not open again even if food was 
added to the aquaria. Significantly less polyps were retracted in the control aquaria 
(Wilcoxon signed ranks, p<0.01). 

Exudates of live sponge fragments showed obvious effects on the activity of Madracis 
mirabilis polyps. In contrast with the methanol extract experiments, not all coral branch 
tips retracted their polyps and most polyps opened again after they were offered food. 
The percentage of coral branch tips with retracted polyps was always significantly lower 
for the control aquaria (Wilcoxon signed ranks, p<0.01). Thus, although sponge 
fragments had some effect on the behaviour of M. mirabilis polyps, most polyps were 
recovering after approximately 3 -3.5 hours. 

DISCUSSION 

In contrast to most sponge species (Hoppe 1988; Aerts et al. subm.a; Aerts et al. 
subm.b), the distribution of Anthosigmella varians was not related to absolute depth but 
showed differences among sites. What factor influences the distribution of A. varians? 
The 3 study sites show some clear differences in the abiotic factors sedimentation and 
light (Aerts & van Soest, 1997). However, no relation was apparent between 
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sedimentation load and abundance of A. varians . The influence of light on the 
distribution of A. varians is difficult to establish. Area decrease of transplanted A. 
varians fragments occurred at 5 m amd 30 m depth, due to blackening of the tissue. 
However, this does not suggest the influence of light. Light is not important in the growth 
of other zooxanthellae containing excavating sponge species (Rosell & Uriz, 1992). In A. 
varians, it is obvious that this sponge was not able to survive at 

5 m and 30 m depth. 
Environmental conditions suggest that water movement determined the distribution of 

A. varians. Abundance and cover of A. varians were higher at the exposed site Isla El 
Morro (site 2) where currents were stronger than at the sheltered sites 1 and 3. The high 
abundance of A. varians in localities with strong water movement, e.g. the current island 
Isla Aguja (Zea 1993) and the trade wind exposed North coast of Curaçao (Bak, pers. 
comm.) as well as its rigid, encrusting growth form as an adaptation to strong currents 
support this idea. 

Encounters between A.varians and corals occurred more frequently than encounters 
with sponges. In contrast with the sponge species Desmapsamma anchorata and 
Niphates erecta (Aerts et al. subm.a.; Aerts et al. subm.b), there was no difference in the 
occurrence of overgrowth of coral and sponge species. However, differences in 
overgrowth susceptibility occurred among coral and sponge species. Strikingly, the 
hydrocoral Millepora spec, which is very susceptible to overgrowth by sponge species 
(Aerts, subm.; Aerts & van Soest 1997; Aerts et al. subm.a; Aerts et al. subm.b), was one 
of the corals least susceptible to overgrowth by A. varians. On the other hand, the coral 
Meandrina meandrites, hardly overgrown by other sponge species (Aerts, subm.; Aerts 

6 van Soest 1997; Aerts et al. subm.a; Aerts et al. subm.b), was relatively often 
overgrown by A. varians. This is a clear example of the species specific nature of 
interactions and their outcome. Similarly to coral-coral interactions (Bak et al. 1982; 
Bradbury & Young 1983; Logan 1984), outcome of sponge-coral interactions is 
influenced by numerous physical and biological factors (Aerts subm.; Aerts & van Soest 
1997). A fast growth rate will only be favourable for overgrowth succes when it is 
obviously higher than that of the competitor (Aerts subm.a). Fast growth is not part of the 
strategy of A. varians as its growth rate fell within the range reported for competitors 
such as stony corals (Bak 1976; Gladfelter et al. 1978) and some gorgonian species 
(Grigg 1977). Regeneration of damaged tissue occurs at a higher rate than does normal 
growth (Rosell & Uriz 1992), because a high regenerative efficiency is necessary to 
withstand constant attacks of predators and to preclude settlement and overgrowth by 
competing organisms. Although not directly enhancing overgrowth success, a fast 
regeneration is of importance diminishing partial mortality. Complete regeneration of A. 
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varians was not extremely fast and most lesions were still not completely filled in after 60 
days. However, after about 15 days a normal ectosomal layer covered the damaged 
tissue, protecting the underlying vulnerable tissue from prédation, infection and fouling. 
The regeneration rate of A. varians resembles that described for corals (Meesters et al. 
1993). Recovery of the ectosomal layer was much faster in shallow lesions than in deep 
lesions. 

Methanol extracts of A. varians had a lethal effect on coral polyp activity (Aerts & van 
Soest, subm.; this study). Coral polyps exposed to A. varians fragments, however, 
recovered several hours after the fragments were added. Although A. varians possesses 
toxic substances (methanol extracts) affecting coral polyp activity, it remains uncertain 
whether these are exuded and used for spatial competition. Excavating sponges use 
chemicals for their boring activity (Pomponi 1979) and the calcium carbonate of dead or 
living corals form a very suitable substratum. From our results it is difficult to determine 
whether A. varians only uses toxic substances for boring activity. 

We conclude that A. varians competes successfully with corals and sponges. A 
substantial part of all encounters between A. varians and sponge and coral species reef 
results in overgrowth by A. varians . Growth rate of A. varians is relatively low and A. 
varians needs specific abiotic circumstances (strong currents, intermediate depths) to 
reach optimal size. These restrictions limit space monopolization of A. varians to specific 
areas on the reef. 



Chapter 9 

Summary and Conclusions 
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Competition for space is an important factor limiting populations of sessile organisms, 
especially in coral reefs which support a considerable diversity and abundance of benthic 
fauna and flora. Two of the major sessile invertebrate groups on Caribbean reefs are 
scleractinian corals and sponges. Because coral growth is light-dependent corals are very 
abundant in shallow water, whereas sponges become dominant at greater depths, 
exceeding 20-30 m. However, coral and sponge distributions show a considerable overlap 
and, as a consequence, sponges and corals frequently come into contact with each other. 
In coral reef communities, sponges play an important role in competition for space 
(Suchanek et al. 1983). Encounters between corals and sponges, spatial competition, 
often result in damage to the coral (Jackson & Buss 1975; Sullivan et al. 1983; Porter & 
Targett 1988). The evolutionary success of both organisms implies that the adaptations 
they possess for spatial competition are very effective. In corals competitive mechanisms 
include overtopping, extracoelenteric digestion via the extrusion of mesenterial filaments, 
specialized sweeper tentacles and normal tentacles (see review by Lang & Chornesky 
1990). In contrast, sponges possess neither effective stinging nematocysts nor 
mesenterial filaments. However, sponges employ alternative competitive mechanisms, 
including allelopathy (Jackson & Buss 1975; Sullivan et al. 1983; Porter & Targett 1988) 
and simple overgrowth (Bryan 1973; Suchanek et al. 1983). 

Coral overgrowth by sponges and physical stress 
Anthropogenic stress, resulting in nutrient enrichment may enhance benthic algal 

biomass and primary production in the water column. Increased primary production 
favours benthic filter-feeding organisms, which may out-compete corals (Pastorok & 
Bilyard, 1985). As far as nutrient and sediment increase are concerned, sponges and 
corals have opposite responses: sponge biomass increases and coral biomass decreases 
on reefs with organic pollution and high sedimentation load (Chalker, et al., 1985; Rogers, 
1990; Wilkinson & Cheshire, 1990). It is a logical corollary to hypothesize that coral stress, 
induced by environmental conditions, is advantageous to sponges which benefit on a 
community level by an increased ability to overgrow living coral. The reefs of Santa Marta, 
NE Colombia are particularly suitable to test this hypothesis. These coastal reefs are not 
as well developed as they are in other areas of the Caribbean (Von Prahl & Erhardt, 
1985), due to a combination of seasonal upwelling and relative high sediment load caused 
by terrigenous effluents. Within the area there is a roughly defined gradient, in terms of 
increasing coral cover, from the city of Santa Marta to the east. This is most likely caused 
by a decrease of continental run-off from the SW towards the NE (Zea, 1994). On these 
reefs a total of 21 coral species and 95 sponge species were encountered in a total of 
3866 sponge/coral encounters (Chapter 2). Overgrowth of corals by sponges occurred in 
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2.5 % of these encounters. The frequency of such overgrowth depends on the presence 

of particular sponge species, which appear to be more aggressive towards corals in 

localities with high coral cover, relatively low sedimentation and high visibility. These field 

data indicate that the hypothesis, i.e. coral overgrowth by sponges occurs more frequently 

in localities under physical stress, can be rejected. 

In rejecting the hypothesis new questions arise. What exactly determines the 

occurrence of coral overgrowth by sponges? What is the role of coral cover, coral species 

composition and sponge species composition? In order to answer these questions 

sponge/coral interactions were quantified on the well developed reefs of Curaçao and 

compared with the data sampled on the Colombian reefs. On the reefs of Curaçao 

overgrowth occurs more frequently than on Colombian reefs (resp. 0.46 ± 0.26 versus 

0.21 ±0.15 overgrowth interactions/m2) confirming again the absence of a direct relation 

between physical stress and occurrence of overgrowth (Chapter 3). Comparison of 

sponge species richness between reef localities revealed that competitively weak sponge 

species disappear first on reefs with high coral cover and limited free space. The sponge 

community was characterised by having more aggressive species at high coral cover (>25 

%). Apparently, only competitively dominant sponge species are able to maintain space in 

coral reef environments with high coral cover. The aggressive sponge species richness 

influences the occurrence of overgrowth. The number of overgrowth interactions was 

positively correlated with coral covers <25 %. Above 25 % coral cover the unchanging 

aggressive sponge species richness distorts the correlation between coral cover and 

overgrowth. We conclude that spatial competition between sponges and corals becomes 

important on reefs with high coral cover. More aggressive sponge species and hence 

more overgrowth interactions occur on well developed reefs. Overgrowth success of 

corals by sponges depends on coral cover (irrespective of coral species) and sponge 

species composition. 

Coral overgrowth by sponges and sponge toxicity. 

Among all marine benthic organisms sponges produce the greatest diversity of 

secondary metabolites (Faulkner, 1984), with the most biologically active chemicals 

(Garson, 1994). Sponges are supposed to use these toxic substances in interactions with 

other organisms to actively conquer space and maintain their positions on the reef. 

Toxicity tests with sponges, checking antimicrobial, antifouling and antipredation activity 

have been a common experimental approach in laboratories (e.g. Thompson et al. 1985; 

Targett 1988; Green et al. 1990; Bakus 1981). Studies on competition for space have 

mostly been performed in the field and direct evidence for the role of secondary 

metabolites in spatial competition remains unclear. Data on toxicity and overgrowth 
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activity of 6 common Caribbean reef sponges (Anthosigmella varians, Aplysina 
cauliformis, Desmapsamma anchorata, Ircinia felix, Niphates erecta, Scopalina ruetzleri ) 
revealed that a correlation exists between sponge toxicity (of methanol extracts and live 
fragments) and the occurrence of coral overgrowth (Chapter 5). The sponge species 
Desmapsamma anchorata deviated from these results through a proportionally high 
frequency of overgrowth. This illustrates the species specific nature of the correlation 
between toxicity and overgrowth. Toxicity was also related to species individual 
abundance (irrespective of size and cover), with the most abundant sponge species being 
the least toxic. Apparently some sponge species compensate lack of chemicals by 
directing their energy to increased growth and reproduction (Chanas & Pawlik, 1995), 
resulting in high abundance on the reef. The least aggressive sponges in terms of 
overgrowth (e.g. Raphidophlus venosus, Scopalina ruetzleri, Niphates erecta ) were the 
most abundant. 

Thus, it appears that sponge toxicity plays a role in competition for space. This role is 
very likely a passive one; toxic chemicals of sponges are used to maintain space and not 
to compete actively for it. 

Coral overgrowth by sponges and coral damage 
Available energy of individual organisms is often limited (e.g. Bak 1983) and must be 

divided between several biological functions. Competition with other organisms can cause 
a major reduction in the physiological functioning of corals (Tanner 1995). In case of 
damaged corals, damage repair may locally reduce the competitive ability of the coral. To 
determine impact of conditional factors such as coral damage on the interaction process 
between Rhaphidophlus venosus and Montastraea cavernosa, artificial lesions were 
made in M. cavernosa colonies in proximity with R. venosus (Chapter 4). These lesions 
were located approximately one polyp (= 5-10 mm) away from the outer coral tissue 
boundary, leaving a space of living coral tissue between the damaged part, the coral 
boundary and the sponge tissue. This experiment resulted in a significant increase in 
overgrowth of living coral tissue in damaged compared with undamaged M. cavernosa 
colonies (22.7% versus 6.9%). Overgrowth of living border polyps by R. venosus is very 
likely an active process, which is demonstrated by the fact that the sponge grows directly 
towards the damaged area (Chapter 4, Fig. 7). From this experiment we conclude that 
damage reduces the competitive ability of the coral to a degree that sponges can benefit 
from it through increased active overgrowth of live coral tissue. This means that coral 
damage on reefs could enhance deterioration of corals through increasing susceptibility to 
sponge overgrowth. 
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Dynamics of sponge/coral stand-offs 

The most visible form of spatial competition is direct overgrowth of organisms. 
However, competition for space is not always visible, especially when chemical 
aggression is involved. The interaction categories observed most frequently on the reefs 
of Curaçao and Colombia were stand-off interactions such as peripheral contact, tissue 
contact and non contact interactions (Chapter 2, 3). It is unknown if any interactive 
exchange occurs in these stand-offs. There may be an apparent cessation of growth at 
the border of contact between the two species (Karlson 1980; Schmidt & Warner 1986) or 
these interactions may involve repeated reversals (Chornesky 1989), i.e. coral and 
sponge advancing and retreating alternately. The dynamics of sponge/coral stand-offs 
and the role played by each of the interacting organisms were examined in a series of 
standard observations of sponge/coral interactions involving the sponge species Niphates 
erecta, Rhaphidophlus venosus, Scopalina ruetzleri and the coral Montastraea 
cavernosa (Chapter 4). These time series demonstrate that sponge/coral stand-offs are 
actually quite dynamic. There was no evidence of cessation of growth along adjacent 
edges between interacting species (as observed by Karlson 1980). In most cases, both 
competitors alternately lost and gained tissue and space during the 15 month interval. 
This conforms to the repeated reversals pattern of coral-coral interactions described by 
Chornesky (1989). 

To determine the influence of environmental conditions on the dynamics of 
sponge/coral stand-offs, selected stand-off interactions were followed at three reef sites, 
each characterised by a different sediment load. Although changes in the number of 
polyps along the coral border differed per site, outcome of sponge/coral stand-offs was 
not related to environmental factors but depended on life history characteristics (e.g. 
growth) of sponge species. Obvious differences in the reaction of the three sponge 
species towards changes in the number of coral border polyps were observed. 
Raphidophlus venosus with its thinly encrusting growth form and variable, rapid area 
changes was often observed to take over vacant space due to death of coral polyps (54% 
of interactions). Scopalina ruetzleri, although also encrusting, forms thick cushions on the 
substratum and can therefore easily grow in height. The rapid and variable area changes 
of S. ruetzleri never resulted in overgrowth of dead corallites. In most cases, either S. 
ruetzleri or the coral border receded without utilizing available space, which explains the 
very low frequency of overgrowth displayed by S. ruetzleri (Chapter 2, 3). Due to its minor 
and relatively slow area changes available space caused by retreated coral tissue was 
never observed to be taken over by Niphates erecta. In most cases N. erecta was 
observed to escape direct competition with the coral growing into height. Although direct 
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competition in terms of coral overgrowth is not uncommon for N. erecta (Chapter 2, 3, 7) it 

was not observed during the time series of individual sponge/coral stand-offs. 

Competitive mechanisms of specific sponge species. 
Sponges, like other sessile benthic organisms, possess a varying suite of 

characteristics to survive the numerous physical and biological disturbances occurring on 
coral reefs. These adaptations can be morphological (shape, structural enforcement), 
physiological (growth, regeneration, toxicity) or ecological (competition, anti-predation). 
Growth rate, shape and size have been recognised as ecologically important for sessile 
organisms in competition for space (Jackson, 1979; Lopez Gappa, 1989; Meesters et al 
1996; Chapter 2). Similarly, a high regenerative capacity can reduce the susceptibility 
towards injuries from partial prédation, attacks by competing neighbours or physical 
disturbances. Sponges play an important role in competition for space (Suchanek et al. 
1983; Nandakumar et al. 1993), but we found that competitive mechanisms and success 
of sponges vary greatly among species (Chapter 2, 3, 4). To understand the mechanisms 
of spatial competition displayed by sponges, and their role in coral reef communities, 
comparative studies of life history characteristics were performed for three different 
species: the opportunistic sponge species Desmapsamma anchorata (Chapter 6), the 
long-lived sponge species Niphates erecta (Chapter 7) and the excavating sponge 
species Anthosigmella varians (Chapter 8). Differences in competitive success of these 
three species are related to their ecological characteristics. 

The sponge D. anchorata is very aggressive towards all reef organisms it encounters. 
Overgrowth success of D. anchorata was not mediated by chemical substances (Chapter 
5). The main characteristic ensuring competitive success of D. anchorata is its fast 
growth rate. Another characteristic favouring overgrowth is the high regenerative 
efficiency of D. anchorata. Compared to other sponge species, damaged tissue was 
rapidly regenerated (Hoppe, 1988; Chapter 7, 8). The combination of fast growth and high 
regenerative efficiency allows for a very competitive strategy. High regenerative efficiency, 
enabling D. anchorata to re-attach very rapidly after disturbance, is compulsory for this 
soft-bodied shallow water organism. We conclude that the ecological strategies of D. 
anchorata, such as rapid attachment after disturbance, high regenerative efficiency, fast 
growth rate, efficient anti-predative and anti-fouling mechanisms, make this sponge 
species very successful in spatial competition. 

The sponge species N. erecta and A. varians can also be considered as competitively 
successful species, although occurrence of overgrowth was 4 times higher in D. 
anchorata. Growth and regeneration rate of experimental lesions were slow in N. erecta, 
with only 55.6% of the lesions regenerating. Addition of N. erecta sponge fragments to 
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aquaria with branches of the coral Madracis mirabilis had a lethal effect on the coral 
(Chapter 5). This extreme toxic effect stood in no relation to its overgrowth activity 
observed in the field (Chapter 2, 3, 7). Experiments with fishes demonstrated high toxicity 
and low palatability for N. erecta. Probably as a compensation for its low regenerative 
efficiency and growth rate, N. erecta appears to possess toxic substances to maintain its 
position on the substratum. 

Perhaps the most important element in the impact of Anthosigmella varians on the reef 
bottom community is extensive space monopolisation (Vicente 1978). A. varians can 
reach dimensions up to 1 m2. Fast growth is not part of the strategy of A. varians as its 
growth rate falls within the range reported for competitors such as stony corals. Also the 
regeneration rate of A. varians resembles that described for corals. Methanol extracts of 
A. varians had a lethal effect on coral polyp activity (Chapter 5, 8). Coral polyps exposed 
to A. varians fragments, however, recovered several hours after the fragments were 
added. Thus, it remains uncertain whether toxic substances of A. varians are exuded and 
used for spatial competition. 

Comparing the life history characteristics of the above mentioned sponge species it 
becomes clear that a fast growth rate and fast regeneration are the two most important 
characteristics in successful spatial competition. Toxicity in sponges appears to have a 
passive function as it is mainly used in defense against predators and fouling organisms. 

Final conclusions 
With regard to the goals and hypothesis guiding this study the following conclusions are 

made: 

We could not relate increasing occurrence of coral overgrowth by sponges in coral reef 
communities to gradiently increased physical stress. A higher number of aggressive 
sponge species, and hence more overgrowth interactions, occur on well developed reefs 
because only competitively dominant sponge species are able to maintain space in coral 
reef environments with high mean coral cover. Thus the impact of spatial competition 
between corals and sponges becomes more important on well developed reefs with a low 
level of physical disturbances. 

The role of toxic chemicals in spatial competition of sponges is likely to be a passive 
one; they are used to maintain space and not to actively compete for it. Toxic substances 
are also used as a defensive mechanism against prédation and fouling. 

The variation in competitive ability among sponge species depends mainly on 
ecological characteristics such as growth and regeneration rate. 



Samenvatting 

Concurrentie om plaats ruimte is een belangrijke limiterende factor voor populaties van 
vastzittende organismen, vooral op koraalriffen die een hoge diversiteit hebben en een 
overvloed aan benthische fauna en flora herbergen. Op Caraïbische riffen zijn de twee 
meest algemeen voorkomende groepen van vastzittende organismen de steenkoralen en 
sponzen. Omdat groei van steenkoralen afhankelijk is van licht komen ze vooral voor in 
ondiep water (5-20 m.). Dit in tegenstelling tot sponzen die overheersend voorkomen op 
grotere diepten, vaak beneden de 20-30 m. De verspreiding van sponzen en koralen 
vertoont echter een aanzienlijke overlap. Het gevolg is dat sponzen en koralen vaak met 
elkaar in contact komen. In koraalrifgemeenschappen spelen sponzen een belangrijke rol 
in de concurrentie om plaats ruimte (Suchanek et al. 1983). Ontmoetingen tussen 
sponzen en koralen, hier aangeduid met ruimte concurrentie, resulteren zeer vaak in 
beschadigingen aan het koraal (Jackson & Buss 1975; Sullivan et al. 1983; Porter & 
Targett 1988). Het feit dat zowel sponzen als koralen zo overvloedig aanwezig zijn op de 
Caraïbische riffen impliceert dat de aanpassingen om te wedijveren om plaats ruimte, die 
deze organismen in de loop van de evolutie hebben ontwikkeld, zeer effectief zijn. De 
concurrentie mechanismen van koralen zijn divers: overgroeiingen, extracoelenterale 
vertering door het uitwerpen van mesenteriële filamenten (= vertering buiten de 
lichaamsholte), normale tentakels met stekende netelcellen en gespecialiseerde 
"sweeper" tentakels (see review by Lang & Chornesky 1990). Sponzen bezitten noch 
effectief stekende netelcellen noch mesenteriële filamenten. Zij gebruiken echter 
alternatieve mechanismen zoals het uitscheiden van chemische substanties (=allelopathy) 
(Jackson & Buss 1975; Sullivan et al. 1983; Porter & Targett 1988) en het overgroeien 
van concurrenten (Bryan 1973; Suchanek et al. 1983). 

Overgroeiingen van koralen door sponzen in verband met fysische stress. 
Anthropogene stress, resulterend in een verrijking van nutriënten, verhoogt de 

biomassa van benthische algen en de primaire productie in de waterkolom. Een toename 
van de primaire productie begunstigt benthische water-filtrerende organismen. Deze 
organismen worden bevoordeeld en zouden de koralen kunnen gaan verdringen 
(Pastorok & Bilyard, 1985). Wat betreft de toename van nutriënten en sediment op riffen 
met organische vervuiling en hoge sedimentbelasting reageren sponzen en koralen 
tegenovergesteld: de biomassa van sponzen neemt toe terwijl die van de koralen afneemt 



142 Sponge/coral interactions 

(Chalker, et al., 1985; Rogers, 1990; Wilkinson & Cheshire, 1990). Een logische 
gevolgtrekking is de hypothese dat stress bij koralen, veroorzaakt door het directe milieu, 
voordelig is voor sponzen die hier op gemeenschapsniveau van profiteren door een 
toename van overgroeiingen van levend koraal. De riffen van het Santa Marta gebied, NE 
Colombia zijn bijzonder geschikt om deze hypothese te testen. Deze kustriffen zijn niet zo 
goed ontwikkeld als in andere gebieden van de Caraïbische zee (Von Prahl & Erhardt, 
1985), wat veroorzaakt word door een combinatie van seizoensgebonden opwelling 
(=nutriëntrijk water) en hoge sedimentbelasting door afvalwater vanaf land. Binnen dit 
gebied bestaat er een gradiënt met een toenemende koraalbedekking vanaf de stad 
Santa Marta in oostelijke richting. Deze gradiënt wordt waarschijnlijk veroorzaakt door een 
afname van sedimentbelasting vaan het rif van het zuidwesten naar het noordoosten 
(Zea, 1994). In dit onderzoek zijn op de koraalriffen van Santa Marta 21 koraalsoorten en 
95 sponssoorten aangetroffen in 3866 spons/koraal ontmoetingen (Hoofdstuk 2). 
Overgroeiing van koralen door sponzen kwam in 2.5 % van deze ontmoetingen voor. De 
frequentie van deze overgroeiingen is afhankelijk van de aanwezigheid van bepaalde 
sponssoorten, die agressiever voor koralen blijken te zijn op plaatsen met hoge 
koraalbedekking, relatief lage sedimentbelasting en grote helderheid van het water. Deze 
veldgegevens tonen aan dat de hypothese, d.w.z. overgroeiingen van koralen door 
sponzen komt vaker voor in plaatsen met fysische stress, verworpen kan worden. Echter, 
door de hypothese te verwerpen worden nieuwe vragen relevant. Waardoor wordt het 
voorkomen van koraal overgroeiingen door sponzen precies bepaald? Wat is de rol hierin 
van de variabelen koraalbedekking en samenstelling van koraal- en sponssoorten? Om 
deze vragen te kunnen beantwoorden werden alle interacties tussen sponzen en koralen 
gekwantificeerd op de goed ontwikkelde koraalriffen van Curaçao. Deze data werden 
vergeleken met de data verzameld op het Colombiaanse rif. Op het curaçaose rif kwamen 
overgroeiingen van koralen veel vaker voor dan op het Colombiaanse rif (resp. 0.46 ± 0.26 
en 0.21 ± 0.15 overgroeiingen/m2). Hierdoor wordt wederom de afwezigheid van een 
directe relatie tussen fysische stress en het voorkomen van overgroeiingen bevestigd 
(Hoofdstuk 3). Wanneer alle bemonsterde plekken vergeleken worden voor wat betreft 
aantal aanwezige sponssoorten wordt duidelijk dat slecht concurrerende sponzen het 
eerst uit de gemeenschap verdwijnen op riffen met hoge koraalbedekking en beperkte 
vrije ruimte. De sponsgemeenschap werd gekarakteriseerd door een hogere 
aanwezigheid van agressieve soorten wanneer de koraalbedekking hoger was dan 25 %. 
Klaarblijkelijk zijn alleen concurrerende dominante sponssoorten in staat om zich goed te 
handhaven op koraalriffen met hoge koraalbedekkingen. Het aantal aanwezige 
agressieve sponssoorten bepaald mede de kwantiteit van het voorkomen van koraal 
overgroeiingen door sponzen. Het aantal overgroeiingen was positief gecorrelleerd met 
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koraalbedekking bij bedekkingen < 25 %. De onveranderende aanwezigheid van 

agressieve sponssoorten op plaatsen met een koraalbedekking boven de 25 % verstoord 

de relatie tussen aantallen sponssoorten en overgroeiingen. Ik concludeer dat de ruimte 

concurrentie tussen sponzen en koralen belangrijker wordt op riffen met een hoge 

koraalbedekking. Op goed ontwikkelde riffen komen meer agressieve sponssoorten en 

dus ook meer overgroeiingen voor. Het succes van sponzen om koralen te overgroeien is 

afhankelijk van de koraalbedekking (ongeacht soortsamenstelling) en de samenstelling 

van sponssoorten in een rifgemeenschap. 

Overgroeïngen van koralen door sponzen en toxiciteit van sponzen. 
Van alle mariene benthische organismen produceren sponzen de meest diverse 

secundaire metabolieten (Faulkner, 1984), met de meest biologisch actieve chemische 
stoffen (Garson, 1994). Er wordt verondersteld dat sponzen deze toxische substanties 
gebruiken in interactie met andere organismen om zo actief plaats ruimte te veroveren en 
hun positie op de rifbodem te handhaven. Toxiciteits testen met sponzen, waarin anti-
microbiële, anti-fouling en anti-predatie activiteiten vermoed worden, zijn een algemeen 
voorkomende experimentele benadering uitgevoerd in laboratoria (bijv. Thompson et al. 
1985; Targett 1988; Green et al. 1990; Bakus 1981). Onderzoeken naar de ruimte 
concurrentie van sponzen zijn meestal in het veld uitgevoerd waardoor direct bewijs voor 
de rol van toxische stoffen hierin onduidelijk blijft. Data betreffende toxiciteit en 
overgroeiingen van 6 algemeen voorkomende caraïbische sponzen {Anthosigmella 
varians, Aplysina cauliformis, Desmapsamma anchorata, Ircinia felix, Niphates erecta, 
Scopalina ruetzleri ) laten zien dat er een verband bestaat tussen sponstoxiciteit (van 
zowel methanol extracten als levende sponsfragmenten) en het voorkomen van 
overgroeiingen (Hoofdstuk 5). De spons Desmapsamma anchorata wijkt van deze 
resultaten af door een proportioneel hoge frequentie van overgroeiingen. Dit illustreert 
meteen de soortspecifieke aard van de relatie tussen toxiciteit en overgroeiingen. 
Toxiciteit van sponzen was ook gerelateerd met het aantal aanwezige sponzen (ongeacht 
grootte en bedekking), waarbij de meest algemeen voorkomende soort het minst toxisch 
is. Blijkbaar compenseren sommige sponssoorten hun gebrek aan chemische activiteit 
door veel energie te gebruiken voor snelle groei en voortplanting (Chanas & Pawlik, 
1995), resulterend in een veelvuldig voorkomen op het rif. De minst agressieve sponzen 
wat betreft overgroeiingen (bijv. Raphidophlus venosus, Scopalina ruetzleri, Niphates 
erecta ) waren de meest algemeen voorkomende soorten op het rif. 

De data wijzen uit dat toxiciteit van sponzen een rol speelt in de concurrentie om plaats 
ruimte. Deze rol is zeer waarschijnlijk een passieve, waarbij de toxische substanties van 
sponzen gebruikt worden om ruimte te behouden en niet om actief te veroveren. 



144 Sponge/coral interactions 

Overgroeiingen van koralen door sponzen en beschadigingen aan koralen 
De beschikbare energie van individuele riforganismen is vaak beperkt (bijv. Bak 1983) 

en moet verdeeld worden tussen verschillende biologische functies. Concurrentie met 
andere organismen kan een behoorlijke invloed hebben op het fysiologische functioneren 
van koralen (Tanner 1995). In het geval van beschadigde koralen kan het herstel van 
beschadigde delen het concurrentie vermogen van koralen aantasten. Om de invloed van 
koraal beschadigingen op het interactie proces tussen Rhaphidophlus venosus and 
Montastraea cavernosa te bepalen werden kunstmatige laesies aangebracht op M. 
cavernosa kolonies die naast R. venosus groeiden (hoofdtuk 4). Deze laesies werden 
ongeveer 1 poliep afstand (= 5-10 mm) vanaf de koraalrand aangebracht, waardoor er 
een ruimte ontstond met levend koraal weefsel tussen de beschadiging en de spons. Dit 
experiment liet zien dat het aantal overgroeiingen van levend koraal weefsel significant 
hoger was in beschadigde M. cavernosa kolonies dan in onbeschadigde kolonies (22.7% 
versus 6.9%). Het overgroeien van levende poliepen door R. venosus is zeer 
waarschijnlijk een actief proces, omdat de spons regelrecht richting het beschadigde 
gebied groeit (Hoofdstuk 4, Fig. 7). Uit dit experiment kunnen concludeer ik dat 
beschadigingen het concurrentie vermogen van koralen in dergelijke mate aantast dat 
sponzen daarvan kunnen profiteren door een verhoogd aantal overgroeiingen van levend 
koraal weefsel. Dit betekent dat beschadigingen aan het koraal naast een direct effect ook 
door een toenemende gevoeligheid van koralen voor overgroeiingen door sponzen 
bijdragen aan degradatie van het rif. 

Dynamiek achter spons-koraal "stand-off" interacties 
De meest zichtbare vorm van ruimte concurrentie is het overgroeien van organismen. 

Echter, de strijd om ruimte is niet altijd even duidelijk zichtbaar, vooral niet wanneer er 
chemische agressie bij betrokken is. De soorten interacties die het meest voorkwamen op 
de riffen van Curaçao en Colombia waren "stand-off" interacties zoals contact langs de 
koraalomtrek, contact met koraal weefsel en geen direct contact tussen spons en koraal 
(Hoofdstuk 2,3). "Stand-off" interacties worden hier gedefinieerd als interacties waarbij er 
geen duidelijke winnaar of verliezer aan te wijzen is. Het is niet bekend of er in deze 
"stand-off" interacties een interactieve uitwisseling plaatsvindt tussen de twee 
organismen. Misschien is er een ogenschijnlijke groeistilstand langs het contactgebied 
tussen de twee soorten (Karlson 1980; Schmidt & Warner 1986) of vertonen de spons en 
het koraal een afwisselend terugtrekken en toenaderen tot elkaar (Chornesky 1989). In 
deze studie is de dynamiek van spons/koraal "stand-offs", en de rol die elk interacterend 
organisme hierin speelt, bestudeerd door middel van standaard observaties van 
spons/koraal interacties met de sponssoorten Niphates erecta, Rhaphidophlus venosus, 
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Scopalina ruetzleri en het koraal Montastraea cavernosa (Hoofdstuk 4). Deze tijdseries 

tonen aan dat spons/koraal "stand-offs" eigenlijk heel dynamisch zijn. Er was geen enkel 

bewijs van een groeistilstand langs de randen van beide interacterende soorten (zoals 

waargenomen door Karlson 1980). In de meeste gevallen verloren en wonnen beide 

organismen weefsel en ruimte gedurende het 15 maanden durende tijdsinterval. Dit komt 

overeen met het patroon dat door Chornesky (1989) beschreven is voor koraal/koraal 

interacties. 

Om te bepalen wat de invloed is van de omgeving op de dynamiek van spons/koraal 

"stand-offs", werden er interacties geselecteerd en gevolgd in de tijd op drie locaties, elk 

gekarakteriseerd door verschillende sedimentbelasting. Hoewel veranderingen in het 

aantal poliepen langs de koraalrand per locatie verschilde, was de dynamiek van 

spons/koraal "stand-offs" niet gerelateerd aan omgevingsfactoren. De uitkomst van deze 

interacties was afhankelijk van de oecologische karakteristieken van sponssoorten zoals 

groei. Opvallende verschillen werden waargenomen in de reactie van de drie bestudeerde 

sponssoorten naar aanleiding van veranderingen in het aantal poliepen langs de 

koraalrand. Raphidophlus venosus met zijn dunne korstvormige groeivorm en variabele, 

snelle groei profiteerde vaak van vrijgekomen ruimte veroorzaakt door gestorven 

koraalpoliepen (54 % van de interacties). Scopalina ruetzleri, hoewel ook korstvormig, 

vormt dikke kussens op het substraat en kan daardoor makkelijk in de hoogte groeien. De 

snelle en variabele veranderingen van S. ruetzleri resulteerde nooit in overgroeiingen van 

dode koraalpoliepen. Meestal trok of S. ruetzleri of het koraal zich terug, zonder de 

vrijgekomen ruimte te benutten. Dit verklaart mede waarom de frequentie waarmee S. 

ruetzleri over koralen heengroeit zo laag is (Hoofdstuk 2,3). Dankzij de kleine en relatief 

langzame veranderingen van N. erecta, is overname van vrijgekomen ruimte, veroorzaakt 

door gestorven koraalweefsel, nooit waargenomen bij deze sponssoort. Meestal vermeed 

N. erecta directe concurrentie met koralen door in de hoogte te groeien. Hoewel directe 

concurrentie in termen van overgroeiingen wel voorkwam bij N. erecta (Hoofdstuk 2,3,7), 

is het geen enkele keer waargenomen in de tijdserie van de "stand-off" interacties. 

Concurrentie mechanismen van specifieke sponssoorten. 

Sponzen, zoals alle andere vastzittende organismen, bezitten een gevarieerde reeks 

aan kenmerken om fysische en biologische verstoringen op het rif te kunnen overleven. 

Deze aanpassingen zijn zowel morfologisch (vorm), fysiologisch (groei, regeneratie, 

toxiciteit) als oecologisch (concurrentie, anti-predatie). In de concurrentie om ruimte 

worden groeisnelheid, vorm en grootte aangemerkt als oecologisch belangrijke 

kenmerken voor vastzittende organismen (Jackson, 1979; Lopez Gappa, 1989; Meesters 

et al 1996; Hoofdstuk 2). De capaciteit om snel te kunnen regenereren kan de 
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gevoeligheid voor beschadigingen door predatie, aanvallen door agressieve buur-
organismen of fysische verstoringen verminderen. Sponzen spelen een belangrijke rol in 
de concurrentie om ruimte (Suchanek et al. 1983; Nandakumar et al. 1993), hoewel dit 
proefschrift laat zien dat de concurrentie mechanismen en succes van sponzen erg 
varieert van soort tot soort (Hoofdstuk 2, 3, 4). Om de mechanismen van sponzen, 
gebruikt in de concurrentie om ruimte, en hun rol in koraalrifgemeenschappen te 
begrijpen, werden er vergelijkende onderzoeken uitgevoerd naar de oecologische 
Strategien van drie sponssoorten: de kort levende, opportunistische spons 
Desmapsamma anchorata (Hoofdstuk 6), de lang-levende spons Niphates erecta 
(Hoofdstuk 7) en de borende spons Anthosigmella varians (Hoofdstuk 8). Het verschil in 
succes wat betreft plaatsconcurrentie tussen deze drie soorten werd gerelateerd aan hun 
oecologische kenmerken. 

De spons D. anchorata is erg agressief ten opzichte van alle riforganismen waarmee het 
in aanraking komt. Het succes van overgroeiingen bij deze spons is niet gerelateerd aan 
activiteit van chemische substanties (Hoofdtuk 5). Het belangrijkste kenmerk dat 
competitief succes van D. anchorata verzekert is een hoge groeisnelheid. Een ander 
kenmerk dat overgroeiingen bevordert is de efficiënte regeneratie van D. anchorata. 
Vergeleken met andere sponssoorten herstelt beschadigd weefsel van deze spons zeer 
snel (Hoppe, 1988; Hoofdstuk 7, 8). Een efficiënt regeneratie vermogen, dat D. anchorata 
in staat stelt om zich na een verstoring snel weer aan het substraat te hechten, is 
noodzakelijk voor dit zacht en breekbaar, ondiep voorkomend, organisme. De combinatie 
van snelle groei en snelle regeneratie zorgt voor een sterke strategie wat betreft ruimte 
concurrentie. Ik concludeer dat de oecologische strategie van D. anchorata, onder andere 
gekenmerkt door snelle hechting na verstoringen, snelle regeneratie, snelle groeisnelheid, 
efficiënte anti-predatie en anti-fouling mechanismen, ervoor zorgen dat deze spons erg 
succesvol is in de concurrentie om ruimte. 

De sponssoorten Niphates erecta en Anthosigmella varians kunnen ook als competitief 
succesvolle soorten worden beschouwd, hoewel overgroeiingen 4 kmaal zo vaak 
voorkwamen bij D. anchorata. Groei en regeneratie van experimenteel aangebrachte 
beschadigingen is erg langzaam bij N. erecta, maar 55.6 % van de beschadigingen 
herstelde. Toevoeging van stukken spons van deze soort aan aquaria met takken van de 
koraal Madracis mirabilis had een dodelijk effect op het koraal (Hoofdstuk 5). Dit extreem 
toxische effect staat in geen relatie tot de mate waarin N. erecta koralen en andere 
riforganismen overgroeide (Hoofdtuk 2,3,7). Experimenten met vissen tonen een hoge 
toxiciteit en een lage smakelijkheid aan voor N. erecta. N. erecta bezit toxische 
subtanties om zijn positie op het substraat te kunnen handhaven, waarschijnlijk als een 
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compensatie voor zijn langzame groeisnelheid en zijn weinig efficiënte 

regeneratievermogen. 

Het belangrijkste aspect waardoor de impact van Anthosigmella varians op het rif blijkt, 

is de uitgebreide monopolisatie van ruimte (Vicente 1978). A. varians kan afmetingen 

bereiken van 1 m2. Een snelle groei behoort niet tot de strategie van A. varians. Zijn 

groeisnelheid is vergelijkbaar met die van andere concurrenten zoals koralen. Dit geldt 

eveneens voor de regeneratiesnelheid. Methanol extracten van A. varians hadden een 

dodelijk effect op de activiteit van koraalpoliepen (Hoofdstuk 5, 8). Echter, koraalpoliepen 

die blootgesteld werden aan fragmenten van A. varians herstelde enige uren nadat de 

fragmenten aan het water waren toegvoegd. Het blijft onduidelijk in hoeverre toxische 

substanties van A. varians worden uitgescheiden en worden gebruikt in de concurrentie 

om ruimte. 

Wanneer de oecologische strategieën van de hierboven genoemde sponzen met elkaar 

vergeleken worden, wordt duidelijk dat snelle groei en snelle regeneratie de twee meest 

belangrijke mechanismen zijn in succesvolle concurrentie om ruimte. Toxiciteit in sponzen 

blijkt een passieve functie te hebben die voornamelijk gebruikt word als verdediging tegen 

predatoren en overgroeiende organismen. 

Eindconclusies 
Met betrekking tot het doel en de hypotheses die in dit onderzoek centraal staan 

kunnen de volgende conclusies getrokken worden: 

We kunnen een toename van koraalovergroeiingen door sponzen op koraalriffen niet 

relateren aan een graduele toename van fysische stress. Een groter aantal agressieve 

sponssoorten, en dus meer overgroeiingen, komen voor op goed ontwikkelde riffen. Dit 

omdat alleen competitief dominante soorten in staat zijn ruimte te behouden op rifbodems 

met een hoge koraalbedekking. Dit wil zeggen dat de impact van concurrentie om ruimte 

tussen sponzen en koralen belangrijker wordt op goed ontwikkelde riffen met relatief 

weinig fysische verstoring. 

De rol van toxische stoffen in de concurrentie om ruimte is zeer waarschijnlijk passief; 

ze worden gebruikt om ruimte te behouden en niet om om deze actief te veroveren. 

Toxische substanties worden ook gebruikt als een verdedigingsmechanisme tegen 

predatie en overgroeiing van organismen. 

De variatie in bekwaamheid wat betreft concurrentie om ruimte tussen sponssoorten 

onderling hangt voornamelijk af van oecologische kenmerken zoals groei en regeneratie 

snelheid. 
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