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ABSTRACT: The ecological role of the sea urchins Paracentrotus lividus and Arbacia lixula was exam- 
ined in shallow subtidal reefs on the west coast of Italy from December 1994 to July 1996. The density 
of sea urchlns was manipulated experimentally in patches of vertical substrata without erect algae. The 
following propositions were examined: (1) that sea urchins were responsible for the persistence of 
patches of bare rock and encrusting coralhnes in shallow subtidal habitats, (2) that their effects were 
density dependent, and (3) that these effects were consistent in time. The experimental manipulations 
consisted of 3 replicate patches randomly assigned to one of the following treatments: ( l )  Ox (total 
ren~ovals), (2) 0 5 x  (50% of the average density found in untouched patches), ( 3 )  l x  (untouched 
patches), and (4) 2x (200% of the average density found in the untouched patches). The removal of sea 
urch~ns significantly increased the coverage of the filamentous and fleshy algae in permanent plots, 
and these effects were cons~stent over time. In contrast, grazing had no effect on the encrust~ng 
coralhnes, Peyssonnella spp. and invertebrates (barnacles, bryozoans and limpets) The response of the 
filamentous algae was proportional to the density of sea urchins, with percent cover values In the 0 5 x  
treatment being intermediate to those observed in the Ox and l x  treatments. Conversely, the response 
of the fleshy algae was non-linear: only when sea urchins were totally removed d ~ d  the coverage of 
these plants lncrease significantly. Doubling the density of sea urchins significantly increased the ero- 
sion of the margins of the patches, while their removal caused no change along the perimeter. In gen- 
eral, there was considerable variability from patch to patch in the abundance of most of the response 
vanables analysed, while temporal changes were less important. The results show that sea urchins can 
have significant but variable effects on vertical patches of barren habitat; alternative explanations are 
suggested to account for the persistence of these patches despite the removal of grazers. 
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INTRODUCTION 

Sea urchins are among the most efficient grazers in 
benthic marine habitats and their ecological impor- 
tance has been demonstrated in different systems and 
at different latitudes (Lawrence 1975, Sousa et al. 
1981, Hawkins & Hartnoll 1983). These herbivores 
have the potential to affect the structure of biological 
assemblages by removing canopies of algae or by pre- 
venting their establishment (Duggins 1980, Chapman 
1981, Andrew & Choat 1982, Hirnmelman et al. 1983, 

Dean et al. 1984, Witman 1987, Andrew & Underwood 
1993). They may also have indirect effects by provid- 
ing and maintaining patches of cleared space where 
other organisms can settle and survive (Sammarco 
1980, Fletcher 1987). 

There is evidence indicating that grazing by sea 
urchins may be spatially and temporally variable 
(Elner & Vadas 1990, Andrew 1993, Hagen 1995). For 
example, sea urchins can transform kelp forests into 
barren habitats if they are organized in fronts that 
actively search for food. In contrast, urchins may have 
a minor impact if they live in crevlces and forage on 
drifting algae. What determines the shift from one for- 
aging behaviour to the other is not fully understood, 
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but seems to be a response to a complex set of physical low subtidal habitats, (2) their effects were density 
and biological variables including size of populations, dependent, and (3) these effects were consistent in 
availability of food, presence of predators and water time. 
motion (Vance & Schmitt 1979, Cowen et al. 1982, 
Carpenter 1984, Johnson & Mann 1988, Scheibling & 
Hamm 1991, Sala & Zabala 1996). In addition, the MATERIALS AND METHODS 
availability and spatial arrangement of refuges can 
have important effects on the patterns of foraging at This study was done on shallow subtidal reefs along 
small spatial scales, both in subtidal habitats and in the coast south of Livorno, Italy (43"301N, 10°20'E), 
littoral rock pools (Andrew 1993, Benedetti-Cecchi & from December 1994 to July 1996. Two major types of 
Cinelli 1995). habitat occurred in this region: nearly honzontal sub- 

Beyond local changes in the density and behaviour strata almost completely covered by algal turfs, and 
of sea urchins, the consistency of the impact of these vertical substrata without erect algae. The algal turfs 
grazers may also depend on the background of natural comprised the geniculate corallines Corallina elongata 
variation against which their effect is evaluated. A Ellis et Solander and Haliptilon virgatum (Zanardini) 
common approach used to investigate the effect of sea Garbary & Johansen, the fleshy algae Dictyota dicho- 
urchins is to compare the patterns of distribution and toma (Hudson) Lamouroux, Laurencia obtusa (Hud- 
abundance of potentially impacted populations in son) Lamouroux and Padina pavonica (L.) Lamouroux, 
areas where urchins have been removed or added with and filamentous algae of the genera Ceramium, Polysi- 
those occurring in untouched areas. The effects of phonia and Sphacelaria. The most common organisms 
these manipulations may appear consistent in space on vertical substrata were encrusting algae of the 
and time for populations that recruit continuously dur- genera Litbothamnion and Peyssonnelia, the limpets 
ing the experiment and are distributed homogeneously Patella caerulea L. and Patella aspera Roeding, the 
at the study site, but are unmeasurable or ecologically barnacle Balanus perforatus Bruguiere and encrusting 
unimportant if the populations have heterogeneous bryozoans. The sea urchins Paracentrotus Lividus Lam. 
patterns of recruitment and distribution (e.g. Prince and Arbacia lixula L. were locally abundant at the site, 
1995). Therefore, a full appreciation of the ecological but occurred mainly on the vertical substrata from 
role of sea urchins requires knowledge of the effects of about 1 to 5 m in depth in patches that ranged in size 
density of these populations, an evaluation of the con- from 10 to 50 m2. Often the urchins aggregated in 
sistency of their effects in space and time, and an crevices at the base of the reefs or under boulders, but 
understanding of factors that influence patterns of several individuals could also be found scattered in the 
aggregation and foraging. patches. 

In this study we present the results of an experimen- The experiment consisted of manipulation of the 
tal manipulation of the density of sea urchins (Paracen- density of sea urchins in patches on vertical substrata 
trotus Lividus Lam. and Arbacia lixula L.) on shallow where they normally occurred. The patches ranged in 
subtidal reefs on the west coast of Italy (western size from 15 to 20 m2 and were distributed over an area 
Mediterranean). These species are the most common of approximately 1000 m2 in water 2 to 4 m deep. The 
herbivorous echinoids in the Mediterranean and, extension of these patches was estimated subjectively 
apparently, they are able to produce and maintain as 20 to 30% of that of nearly horizontal surfaces. 
patches of barren habitat similar to those described for Three patches were randomly assigned to each of the 
other parts of the world (Verlaque & Nedelec 1983, following 4 densities of sea urchins: (1) Ox (total 
Verlaque 1984, Fanelli et al. 1994). However, previous removal), (2) 0 . 5 ~  (50% of the average density found in 
studies on the effects of these herbivores in the the unmanipulated patches), (3) l x  (no manipulation of 
Mediterranean are mainly correlative, experimental sea urchins), and (4) 2x (200% of the average density 
analyses being restricted only to littoral rock pools found in the unmanipulated patches). The densities of 
(Benedetti-Cecchi P1 Cinelli 1995, 1996). This evidence sea urchins were adjusted every 10 to 20 d. Each time, 
is not sufficient to make reliable predictions about the densities were first estimated from 3 randomly located 
effects of changes in density of these populations and 0.25 m2 quadrats in each of the 3 unmanipulated 
on the spatial and temporal consistency of their effects. patches; the average density was calculated and the 

As an attempt to address these issues, we tested density in the 0 . 5 ~  and 2x patches (estimated as for 
some general propositions about the ecological role control patches) adjusted accordingly the same day 
and ecology of sea urchins in shallow subtidal reefs (values found prior to adjustment are shown in the 
in the Mediterranean. Specifically, we tested whether 'Results'). Although this procedure could potentially 
(1) sea urchins were responsible for the persistence of reduce variability among patches (but this was not the 
patches of bare rock and encrusting corallines in shal- case, see 'Results'), it had the advantage, over the 
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alternative of adjusting densities with respect to the 
original value, of incorporating natural fluctuations in 
the abundance of sea urchins in the evaluation of their 
impact on the response populations. Densities were 
reduced in the 0 . 5 ~  patches by removal of the appro- 
priate number of urchins (as determined by the num- 
bers found in control patches) at random, while they 
were increased in the 2x patches by translocation of 
the appropriate number of animals collected randomly 
from non-experimental areas. 

The response of the assemblage to the manipulation 
of the urchins was assessed by monitoring permanent 
plots marked within the patches and changes occur- 
ring along the margins of the patches. Both methods 
examined the proposition that sea urchins were neces- 
sary for the maintenance of the patches, but tested dif- 
ferent predictions about the effects of removing or 
adding these herbivores. The first approach provided a 
measure of the effects of grazing on organisms coloniz- 
ing from the water column (e.g. erect algae) and/or on 
changes in abundance of resident species (e.g. en- 
crusting corallines). The second approach tested 
whether urchins could prevent the lateral encroach- 
ment of organisms from the borders of the patches 
and eventually could determine the erosion of patch 
margins. 

Six 20 X 20 cm plots were permanently marked in 
each patch at the beginning of the experiment with 
small pieces of epoxy putty (Subcoat S, Veneziani). 
The percent cover of algae and bryozoans and the 
density of limpets and barnacles were estimated at 
the beginning of the study by sampling 2 randomly 
chosen plots in each patch; at that time, the 6 plots in 
each patch were also randomly assigned to 1 of 3 
additional dates of sampling (with 2 replicates each): 
6, 12 and 18 mo from start. Percent cover values were 
determined using visual estimates (Dethier et al. 1993, 
Benedetti-Cecchi et al. 1996) with the aid of a 20 X 

20 cm acrylic sheet divided into 25 4 X 4 cm sub- 
quadrats. In contrast to the other components of the 
assemblage, the encrusting corallines were sampled 
only twice, at the beginning of the experiment and 
after 18 mo. Intermediate dates were not considered 
because these algae became less visible as other spe- 
cies colonised (particularly the erect algae in the Ox 
plots). By the end of the experiment, all the erect 
organisms present in the permanent plots were gently 
removed and the percent cover of the encrusting 
corallines estimated as described above. Thus, for 
these algae, there were 2 dates of sampling with 3 
replicates each. Densities of limpets were estimated 
by counting the number of individuals in the whole 
plots. 

The effects of sea urchins on the margins of the 
patches were evaluated by measuring the distance 

from a fixed point in each patch (the corner of a per- 
manent plot) to 6 points along the border, as deter- 
mined by the presence of a mat of erect algae. These 
measures were repeated at 6 mo intervals. Angles 
were randomly selected the first time of sampling. 

Differences among treatments were analysed using 
ANOVA. To determine whether adjusting the density 
of sea urchins with respect to the average value found 
at each date in control areas decreased the variance 
among patches in the 0 . 5 ~  and 2x treatments, we did a 
2-factor ANOVA on variances calculated from the 3 
replicate quadrats sampled in each patch at each of 6 
randomly selected dates. The factors in this analysis 
were density (fixed) and time (random), with 3 repli- 
cates representing independent estimates of the vari- 
ance within patches. 

The response of algae and invertebrates to the 
manipulation of sea urchins was tested using a 3-factor 
ANOVA with density and time (elapsed time) as fixed, 
orthogonal factors and patches nested in density and 
orthogonal to time as a random effect. Time could be 
included as a factor in the analyses because indepen- 
dent plots were sampled during the experiment after 6, 
12 and 18 mo from start (only the initial and final dates 
were analysed for the encrusting corallines). These 
particular dates were considered as representative of 
different stages of colonization, according to the pat- 
terns observed in the same assemblage at a higher 
level on the shore (Benedetti-Cecchi & Cinelli 1994). 

The effects of sea urchins on the margins of the 
patches were evaluated by analysing the changes in 
the distance between the fixed points and the borders 
of the patches, expressed as the percentage of the ini- 
tial measure for each angle, with a 2-factor ANOVA 
(with density as a fixed factor and patches within den- 
sity random). 

Cochran's C-test (Winer 1971, Underwood 1981) was 
used before each analysis to check whether variances 
were homogeneous. When necessary, percent cover 
values were arcsine or square-root transformed, while 
densities were log transformed. SNK tests were used to 
separate means (at a = 0.05) following significant dif- 
ferences among means in the ANOVAs. 

RESULTS 

There were no significant differences among densi- 
ties in the mean abundance of sea urchins in Decem- 
ber 1994, at  the beginning of the experiment (F3,8 = 1.1, 
p > 0.4; analysis on untransformed data). In contrast, 
there was considerable variability among replicated 
patches within densities = 3.0, p < 0.02). Manual 
removals/additions allowed the maintenance of the 
desired density of sea urchins in the experimental 



206 Mar Ecol Prog Ser 163: 203-211, 1998 

F M A M J J A S O N D J F M A M J  

1995 1996 

Fig. 1. Paracentrotus lividus and Arbacia h u l a .  Mean abun- 
dance (f. SE, n = 9) of sea urchins in the different treatments 
and as a function of time. Data are counts from 3 replicate 

plots pooled across 3 replicate patches at each time 

patches (Fig. 1; only 1 date per month is plotted). Nat- 
ural values ranged from 0.9 f 0.7 to 4.2 f 1.5 individu- 
als per 0.25 m2 (means f SE, n = g), with a consistent 
decrease in abundance after April 1995. The test diam- 
eter of these urchins ranged in size from 1.2 to 5.5 cm 
(mean + SE: 3.8 f 1.7, n = 40) for Paracentrotus lividus, 
and from 3.2 to 6.3 cm (mean + SE: 4.1 k 1.1, n = 40) for 
Arbacia lixula. The latter represented about 70% of 
the total population of sea urchins. Urchins tended to 
reinvade total removal patches, particularly between 
January and April 1996, and a greater effort was nec- 
essary to maintain their abundance at acceptable lev- 
els in this period (Fig. 1). The analysis of variance on 
variances calculated for each replicate patch in each 
density (excluding the Ox treatment) revealed signifi- 
cant effects of density and time, while their interaction 

was not significant (Density: F,,,, = 13.6, p < 0.002; 
Time: = 2.8, p < 0.05; Density X Time: = 0.8, 
p > 0.6; analysis on log-transformed data). Variances in 
the 2x treatment were significantly greater than those 
in the l x  and 0 . 5 ~  treatments, which did not differ slg- 
nificantly (SNK test). This outcome indicates that vari- 
ances were positively correlated with the mean density 
of sea urchins and were independent of the type of 
manipulation. 

Sea urchins had no effect on the encrusting cor- 
allines, and the percent cover of these algae did not 
change between the beginning and end of the experi- 
ment (Fig. 2A, Table 1). The lack of significant tempo- 
ral changes suggested that these forms could also sur- 
vive when covered by other algae for relatively long 
periods of time. In contrast, the distribution of the 
encrusting corallines was heterogeneous in space, as 
indicated by the significant variability among patches 
(Table 1). 

Sea urchins had a strong impact on the filamentous 
algae (Fig. 2B). The effect of density was significant, 
despite the large variability among areas (Table 1, 
analysis on arcsin-transformed data); the ranlung of 
treatments was: Ox > 0 . 5 ~  > l x  = 2x (SNK test). There 
were also temporal changes in the abundance of the 
filamentous algae, as indicated by the significant effect 
of time (Table 1); percent cover values at 12 mo were 
greater than those at 18 and 6 mo, which did not differ 
significantly (SNK test). In contrast, neither the Time X 

Density nor the Time X Patches (D) interactions were 
significant. 

Fleshy algae were abundant only in the complete 
removal treatments (Fig. 2C, Table 1).  There were no 
significant differences among treatments that retained 
some sea urchins (SNK test). The distribution of the 
fleshy algae was consistent in space and time, as indi- 
cated by the lack of significant differences among 
patches, time, and their interaction. 

Table 1. ANOVA on the effects of sea urchins and other factors (D: density, T: time) on the abundance of algae and invertebrates. 
Degrees of freedom: Density = 3, Patches = 8, Time = 2 (1 for the encrusting corallines). T X D = 6 (3 for the encrusting corallines), 
T X Patches (D) = 16 (8 for the encrusting corallines), Residual = 36 (48 for the encrusting corallines). 'p < 0.05, "p < 0.01, 

"'p < 0.001, "'not significant 

Source of variation Density Patches (D) T i e  T x  D T X Patches (D) Resldual 
MS F MS F MS F MS F MS F MS 

Algae 
Encrusting corallines 3203.000 1 . 9 " V 7 0 3 . 0 0 0  8.2 " 329.400 1.6* 148.600 0.7"' 205.600 1.0" 207 400 
Filamentous algae 0.716 15.4" 0.047 3.8" 0.070 3.8' 0.030 1.7"' 0.018 1.5"' 0.012 
Fleshy algae 0.305 37.0"' 0.008 1.2ns 0.001 0. lm 0.012 1.4"' 0.009 1.3"' 0.009 
Peyssonnelia spp. 0.035 0.5"' 0.068 6.2"' 0.024 0.7m 0.019 0.6" 0.033 2.9" 0.011 
Invertebrates 
Balanus perfora tus 2.386 0.3"' 8.804 25.1 "' 0.777 2.4- 0.331 1.0"' 0.331 0.9* 0.350 
Encrusting bryozoans 0.008 1.7"' 0.005 1.5"' 0.011 2.4"' 0.005 1.1" 0.005 1.5- 0.003 
Patella spp. 3.111 0.7"' 4.347 3.4' 4.680 2.4"' 1.792 0.9" 1.930 1.5- 1.278 
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Conversely, the distribution of Peys- 
sonnelia spp. was heterogeneous both 
in space and time and the Time X Patch 
interaction was significant (Fig. 2D, 
Table 1, analysis on angular trans- 
formed data). Percent cover values de- 
creased after the first 6 mo in 3 of the 12 
experimental patches, while no consis- 
tent temporal pattern resulted in the 
remaining areas (SNK tests). 

Sea urchins had no impact on the 
invertebrates (Fig. 3, Table 1, analysis 
on log-transformed data for Balanus). 
The distribution of Balanus and Patella 
was heterogeneous in space, as indi- 
cated by the significant differences 
anlong patches (Table 1). No other 
source of variation affected the distribu- 
tion of these animals significantly, and 
no significant effect at  all was observed 
for the encrusting bryozoans. 

In contrast to the patterns described 
above for algae and invertebrates, in- 
creasing the density of sea u rchns  had 
important consequences for the margins 
of the patches (Fig. 4) .  In particular, at 
densities of 2x, there was an  increase in 
the mean distance to the borders of the 
patches (expressed as the percentage of 
the original value) of more than 50%.  
Conversely, patches remained stable in 
the other treatments (Fig. 4).  After 1 2  mo 
there was a significant effect of density 
(F3,8 = 9.0, p < 0.007; analysis on log- 
transformed distances), with the mean 
distance in the 2x treatment being sig- 
nificantly greater than those of the other 
treatments (SNK test). Mean distances 
were homogeneous across patches 
within densities (F,,,, = 1.2,  p > 0.25). 
Similar results were obtained from 
analyses at 6 and 18 mo. 

B F~lamentous algae 

C Fleshy algae 

D Peyssonnelra spp 

Time (months since ~nitiation) 

Fig. 2. Paracentrotus ljwdus and Arbaaa  lixula. Effects of different densities 
of sea urchins on mean algal cover (+ SE, n = 6) as a function of time. Data are  
percent cover values from 2 replicate plots pooled across 3 replicate patches 

at  each time 

DISCUSSION 

In this study, the removal of sea urchins significantly 
increased the abundance of the filamentous and fleshy 
algae, while no effects were observed on the encrust- 
ing corallines and Peyssonnelia spp. When present, the 
effect of grazers was consistent for the 3 dates 
analysed. The response of the filamentous algae was 
approximately proportional to the density of sea 
urchins; the partial removal of grazers produced an  
effect which was intermediate to that observed in the 

Ox and l x  treatments. These effects emerged despite 
the large variability between patches. In contrast, the 
response of the fleshy algae to the removal of the 
urchlns was non-linear. Only when these grazers were 
completely removed did the fleshy algae colonize the 
permanent plots; densities of 50% of those found in 
untouched areas were sufficient to keep these plants 
'under control'. Notably, grazing was the only relevant 
factor influencing the abundance of the fleshy algae, 
highlighting the importance of this process in deter- 
mining the distribution of these plants. 
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B Encmsting bryozoans 

C Pafella spp. 

5 ]  o 5 x  1 

Time (months since initiation) 

Fig. 3. Paracentrotus lividus and Arbacia lixula. Effects of different densities 
of sea urchins on the mean abundance of invertebrates (+ SE, n = 6) as a 
function of time. Data are percent cover values (for barnacles and encrusting 
bryozoans) and counts (for Limpets) from 2 replicate plots pooled across 3 

replicate patches at each time 

Assessing the generality of these results is difficult. 
Few studies have compared the effects of grazing by 
sea urchins at different densities (but see Ebert 1977, 
Valentine & Heck 1991, Andrew & Underwood 1993). 
Andrew & Underwood (1993) found considerable non- 
linearity in the response of some groups of algae and 
limpets to the manipulation of the sea urchin Cen- 
trostephanus rodgersii in New South Wales (Australia). 
They proposed that individual sea urchins could mod- 
ify their foraging behaviour to compensate for changes 
in intra-specific density. This model was based on the 
principle that when density is reduced, more individu- 
als can forage on food resources of high quality. This 
predicts that non-lineanties should occur more fre- 
quently for organisms that are the preferred source of 
food of the grazers. In the present study, non-lineanties 
were observed for fleshy but not filamentous algae, 
suggesting that the former were the preferred source 
of food of the urchins. However, the same pattern 

could also be explained in terms of differ- 
ences in the rate of recruitment and 
growth of the 2 groups of algae. This 
point was also made by Andrew & 
Underwood (1993), and additional ex- 
periments are required to discriminate 
among the 2 alternatives. 

Removing sea urchins had no effects 
on the encrusting corallines and Peysson- 
nelia spp. Several studies have shown 
that encrusting algae may benefit from 
the presence of grazers that prevent 
swamping by erect forms (Paine & Vadas 
1969, Dayton 1975, Paine 1980, Under- 
wood 1980, Steneck 1982, Hirnmelrnan et 
al. 1983, Fletcher 1987). In some of these 
studies, however, it was not clear 
whether the encrusting algae were really 
overgrown and killed or simply were no 
longer visible. Although the combined 
cover of the filamentous and fleshy algae 
was never greater than 50%, some 
(unquantified) bare rock was also pre- 
sent in the permanent plots and there 
was considerable overlap in the distribu- 
tion of the encrusting and erect forms by 
the end of the experiment (authors' pers. 
obs.). This suggests that the encrusting 
corallines and PeyssonneLia spp. could 
withstand partial colonization of erect 
plants. Perhaps the portion of the thallus 
that remained free of epiphytes could 
acquire and metabolise a sufficient 
amount of resources to compensate for 

Time (months since initiation) 

Fig. 4 .  Paracentrotus liwdus and Arbacia h u l a .  Effects of dlf- 
ferent densities of sea urchins on the mean &stance (f SE, n = 
18) from a fixed point in the patch to the border, expressed as 
the percentage of the original value through time. Six repli- 
cate measures were pooled across 3 replicate patches at 

each date 
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shading of other parts. Indeed, translocation of nutri- 
ents has been described for some encrusting coralline 
algae (Wetherbee 1979, Steneck 1986) and this may 
have important ecological consequences, as suggested 
here. Whether these processes can keep coralhne 
algae alive when overgrown by other organisms for a 
long time remains to be investigated. 

There is evidence from previous studies that sea 
urchins may have positive indirect effects on the 
recruitment and/or survival of grazlng gastropods and 
other invertebrates (Sammarco 1980, Ayling 1981, 
Andrew & Choat 1982, Himmelman et al. 1983, 
Fletcher 1987, Andrew & Underwood 1993). Our 
results were not consistent with this pattern. There was 
considerable heterogeneity between patches m the 
distribution of limpets and barnacles, but no significant 
effects of sea urchins. This outcome was probably a 
consequence of the fact that fleshy algae did not satu- 
rate space, allowing the persistence of patches of sub- 
stratum where barnacles, bryozoans and particularly 
limpets could survive (e.g.  Underwood & Jernakoff 
1981). Apparently, limpets at densities of 1 to 3 indi- 
viduals per 400 cm2 (see Fig. 3) were able to maintain 
some portions of the substratum free of fleshy algae. 

An alternative explanation for the persistence of 
both the encrusting corallines and invertebrates in the 
Ox treatment is that the expected interaction with the 
erect algae did not occur because the recruitment of 
these plants was lmuted. Indeed, the patches of verti- 
cal substratum used in this experiment could represent 
an  unsuitable habitat for the erect algae. This is sug- 
gested by the fact that nearby areas of horizontal or 
gently-sloping substrata supported a dense, homoge- 
neous cover of these plants (authors' pers. obs.). Thus, 
lack of propagules was unlikely, while settlement and 
early post-settlement events could represent the criti- 
cal stage for the successful establishment of these 
plants on vertical substrata. 

Doubling the density of sea urchins increased signlf- 
icantly the erosion of the patches. It was relatively easy 
to maintain such high densities, and emigration from 
the 2x patches was negligible (authors' pers. obs.). 
This suggests that local populations of sea urchins 
were below the carrying capacity of this type of habi- 
tat, and that a natural increase in density would deter- 
mine an increment of the size of these patches at the 
expense of the algal turfs. Whether this effect could 
also occur on horizontal surfaces cannot be assessed 
from these data and requires additional experiments. 
The effects of doubling the density of sea urchins, how- 
ever, must be viewed with caution. Moving the urchins 
from one patch to another (to create the 2x treatment) 
might have altered their foraging behaviour, but there 
was no simple way to control for this potential artifact. 
This, in fact, would have required a comparison of the 

performance of disturbed urchins in experimental 
patches at 2x densities with undisturbed urchins in 
natural 2x patches, but these did not exist. 

The hypothesis that the removal of sea urchins 
caused changes along the margins of the patches must 
be rejected on the basis of the experimental results. 
The complete or partial removal of urchins had no 
appreciable effects in comparison to untouched areas. 
These results and the patterns observed in the perma- 
nent plots indicate that the main way by which algae 
colonized was through propagules from the water col- 
umn, while vegetative growth and encroachment from 
the margins was of minor importance. The rate of 
establishment of algae, however, was not sufficient to 
determine the complete closure of the patches, at least 
within the 18 mo of the experiment. When performed 
in other parts of the world, this type of manipulation 
often caused a change from a barren state to one dom- 
inated by algal canopies within 1 to 2 yr (Chapman 
1981, Andrew & Choat 1982, Dayton 1985, Johnson & 
Mann 1988; see also discussion in Fletcher 1987). Most 
of these experiments were done in kelp forests where 
algal production was high. In contrast, comparatively 
slower rates of colonization were observed in the turf- 
ing habitat examined here. This could be related both 
to the different life-histones of the species involved 
(algal turfs vs kelps) and to limitation in recruitment on 
vertical substrata as discussed earlier. Overall, the 
results indicate that sea urchins are involved in the 
maintenance of the patches, but long-term experi- 
ments are necessary to determine whether the persis- 
tence of this type of habitat can be  explained solely in 
terms of grazing, or if other processes are  also in- 
volved. Further experiments are  also required to assess 
the relative importance of Paracentrotus livjdus and 
Arbacia lixula which can be expected to exert different 
effects on benthic macroalgae, the former grazing 
preferentially over erect algae and the latter on 
encrusting corallines (Kempf 1962). These experiments 
are currently in progress and w l l  be reported at  a later 
stage, but preliminary results lndicate that A. lixula 
may have significant effects on erect algae, probably 
because of their relatively high density at  these sites. 
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