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Chapter 8 

Ecological strategy and competitive ability in the 
excavating reef sponge Anthosigmella varians 

Lisanne Aerts & David Kooistra 

This chapter has been submitted to Bulletin of Marine Science 
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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. 

0.3 

E F F •>- CM CO 

o m o LU UJ UJ 
T— C\J h- h- 1 -

m O m CO C/3 co 

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 

100 
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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. 


