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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. 


