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Chapter 7 

Ecological strategy and competitive ability in the 
long-lived reef sponge Niphates erecta 

Lisanne Aerts, Raquel Gomez & Sander Scheffers 

This chapter has been submitted to Coral Reefs 
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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 
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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 



Strategy and competitive ability in Niphates erects 109 

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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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. 
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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). 

0.5 

£ 0.4 
c 
o 
E 

I c 
X 

o 0.2-
cc 
o 

0.1 

0 

DEPTH SITE 

c 5 

< » 
. 

c 5 

J T C ) 

1 ' ' ' ' 

o o 
T - CM 

T - <M 

LU LU LU 

CO CO CO 

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 



Strategy and competitive ability in Niphates erecta 113 

(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 



114 Chapter 7 

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. 




