Mar Biol (2010) 157:2241-2251
DOI 10.1007/s00227-010-1489-2

ORIGINAL PAPER

Matching spatial distributions of the sea star Echinaster sepositus
and crustose coralline algae in shallow rocky Mediterranean

communities

Adriana Villamor - Mikel A. Becerro

Received: 20 November 2009 / Accepted: 31 May 2010 / Published online: 11 June 2010

© Springer-Verlag 2010

Abstract Understanding why a species is present in a
particular location and the consequences of its presence is
complex but necessary to identify the mechanisms that gen-
erate and maintain ecological diversity. The common sea
star Echinaster sepositus can be either very abundant or
non-existing in nearby localities of the western Mediterra-
nean. Yet, the factors that shape its distribution and the
impact of the sea star on natural communities remain unin-
vestigated. Here, we quantified multiple biotic and abiotic
factors that may affect the distribution of E. sepositus and
tested whether this sea star can shape the organization of
the community it inhabits. Our results showed that the dis-
tribution of this sea star was highly contagious and posi-
tively correlated with the abundance and distribution of
crustose coralline algae from tens of meters to tens of kilo-
meters. Despite significant differences in community com-
position between localities with high or low abundance of
the sea star, experimental addition of E. sepositus to natural
communities failed to shift the composition of the algal
community in 4 months. Overall, our results suggest that
within habitat variability in the abundance of crustose cor-
alline algae may explain the abundance of E. sepositus at
multiple geographic scales, emphasizing the need to inves-
tigate small-scale processes at larger geographic scales.
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Introduction

The study of the mechanisms that determine the presence
and abundance of local species is basic to understand spe-
cies diversity and the organization and functioning of nat-
ural communities. The complexity of the multiple factors
acting at varying temporal and spatial scales makes
predicting whether a species is present in a particular
location very challenging. On a local scale, species com-
position may be determined by a few environmental vari-
ables that filter a larger pool of species. According to this
niche assembly view, physiological processes and biotic
interactions play a major role in community composition
(Tilman 1985; Keddy 1992; Grace 1999). Stochastic
events at large temporal and spatial scales, local extinc-
tion, and long distance dispersal are also known to explain
species diversity (Tilman 1994; Eriksson 1996; Hubbell
et al. 2001).

Habitat variability correlates with species diversity and
depends on the spatial scale investigated (Davidowitz and
Rosenzweig 1998). Large-scale surveys comprise multiple
variability sources including but not restricted to geo-
graphic and habitat variability (e.g., Fabricius and De’ath
2001). At the opposite end, small-scale studies look for the
most homogeneous habitats in order to discover the small-
est variability (Benedetti-Cecchi and Cinelli 1995). These
small-scale variability studies have received little attention,
but they seem to play a major role in determining and main-
taining diversity (Izsak and Price 2001; Hewitt et al. 2005).
In fact, the importance of small-scale habitat variability
could be underestimated because small-scale habitat vari-
ability can result in large-scale variability patterns if the
habitat itself changes across larger scales (Helmuth et al.
2006; Rilov and Schiel 2006; Chapman and Underwood
2008).
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Sea stars are marine animals that inhabit virtually every
ecosystem regardless of latitude and depth (Hyman 1955).
Sea stars also are voracious feeders that can alter communi-
ties by preferential predation (Menge 1982; Duggins 1983;
Himmelman and Dutil 1991). Despite the abundance of
information on the role of sea stars as major drivers of com-
munity organization and functioning, there is no available
information on the role of sea stars in benthic Mediterra-
nean communities. Echinaster sepositus (Retzius 1783) is
one of the most common and abundant sea stars in the Med-
iterranean Sea, yet information on the biology of this sea
star is fragmentary and contradictory. This is particularly
obtrusive for its feeding habits (Vasserot 1961; Ferguson
1969), which are based on casual observations, and accu-
rate information is lacking. Biological information on other
species of the genus Echinaster or the family Echinasteri-
dae has been equally overlooked. Ecologically, the distribu-
tion of E. sepositus varies as a function of cover of sand,
algae, and depth (Entrambasaguas et al. 2008), although the
exact nature of these relationships is complex and irreso-
lute. The abundance of E. sepositus can also vary tremen-
dously between nearby localities that have no conspicuous
differences in community composition, suggesting that the
abundance of this species could be affected by biotic or abi-
otic factors acting at scales of hundred of meters or less
(Underwood and Chapman 1996; Chapman and Under-
wood 2008). In short, the causes and consequences behind
the variable abundance of E. sepositus in Mediterranean
shallow rocky communities remain open questions.

The goal of our study is twofold as we aimed at increas-
ing our understanding of (1) the factors that can regulate
the spatial distribution of Echinaster sepositus and (2) the
consequences that the sea star may have in Mediterranean
shallow rocky communities. To do so, we quantified the
abundance of E. sepositus and several biotic and abiotic
variables within shallow algal-dominated communities.
Shallow communities above 11 m of depth are character-
ized by homogeneous spatial patterns when compared to
communities below that depth (Garrabou etal. 2002).
Rather than investigating a particular location extensively,
we targeted the variability within this community type from
multiple locations spread over 150 km of coastline. Thus,
our approach aimed at a level of variability usually associ-
ated with small-scale studies but over a larger geographic
scale. This particular approach allowed us (1) to quantita-
tively characterize the community that E. sepositus inhab-
its, (2) to establish the degree of variability in abiotic
factors and community composition between locations with
high and low sea star abundance, (3) to look for correlates
of sea star abundance, and (4) to describe patterns of spatial
distribution of the sea star and correlates from a scale of
tens of meters to tens of kilometers. This first observational
part of our study was designed to look for potential causes
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behind the variation in abundance of E. sepositus and to
generate testable hypotheses well supported by field data in
our study area. Then, in the second part of our study, we
experimentally tested whether E. sepositus had the capacity
to induce the differences we observed between locations
with low and high abundance of the sea star. This approach
is particularly relevant to assess the causes and conse-
quences of the large variation in the abundance of E. sepos-
itus in these types of communities.

Materials and methods
Organism and area of study

Echinaster sepositus (Echinodermata, Class Asteroidea,
Order Spinulosa, Family Echinasteridae) is distributed
along the eastern Atlantic and the Mediterranean Sea (Riedl
1983; Ocafia Martin et al. 2000). This sea star is easily rec-
ognized by a small disk with five slender cylindrical rays
from bright orange to blood red, a reticulated skeleton with
open meshes, and single or few spines at the nodes. Its only
known predator is the gastropod Charonia lampas lampas
(Linnaeus 1758), distributed along the western Mediterra-
nean and eastern Atlantic but virtually extinguished in our
study area due to overfishing (Mas Cornet 2005). No infor-
mation is available about predation at earlier stages of
development. As a consumer, E. sepositus is traditionally
considered a sponge feeder (Vasserot 1961; Sara and
Vacelet 1973) even though it causes negligible damage
and mortality to sponges (Ferguson 1969; Maldonado and
Uriz 1998). Also, E. sepositus has been found in feeding
position on a variety of substrates including multiple
invertebrates, algae, and sediment (Ferguson 1969).

Our study took place on shallow rocky bottoms off the
Costa Brava, Spain (northwestern Mediterranean Sea), at a
depth between 5 and 10 m. Mediterranean shallow commu-
nities are well characterized by the dominance of photo-
philic algae. At the depth range of our study, the
community is formed by the characteristic algal and inver-
tebrate species found on moderately calm conditions that
demarcate a homogeneous facies (Péres and Picard 1964;
Ros et al. 1985; Garrabou et al. 1998). Above 5 m, there is
a shift toward species more prone to strong water move-
ment resulting in a distinct community where Echinaster
sepositus is incidental. Below ten meters, the incidence of
sciaphilous species becomes noticeable changing the over-
all perception of the landscape. Although E. sepositus may
be abundant below 10 m, we restricted our sampling to the
5-10 m depth range because of the large variation in sea
star densities at those depths and the consistency of the
landscape in our study area. This restriction also avoided
the complex relationship between this sea star and depth
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Fig. 1 Situation map of the study area in the northwestern Mediterra-
nean. Numbers indicate the 24 localities surveyed. From north to
south: Port Bou, Colera, Faro de S’Arnella, Port de la Selva, Cala
Culip, Port lligat, Cala Montjoi, Cala Mateua, Montgri, Medas, Ses
Negres, Aiguafreda, Tamariu, Llafranc, La Fosca, Palamés, S’ Agaro,
Port Salvi, Saliong, Tossa, Muladera, Cala St Francesc, Niell St Franc-
esc, and Pta. Sta Anna

noticed by other authors (Entrambasaguas et al. 2008). We
haphazardly selected 24 locations covering 150 km of coast
(Fig. 1). Three gap areas in our design resulted from com-
plex access (in the southernmost gap) and absence of rocky
bottoms (in the remaining two gaps). Our study sites included
two submarine mountains, 11 bays, seven sites subject to
intense boat traffic in summer time, and four sites with lim-
ited access for people and boats. Six of these sites are inside
marine protected areas (Cape Creus, Medes Islands, and
Ses Negres).

Sampling of biotic and abiotic variables

From June to August 2006, we SCUBA dove in all 24 loca-
tions and quantified the abundance of fish, algae and sessile
invertebrates, echinoderms, and a number of abiotic vari-
ables. These variables quantify the sessile community, the
major consumers in the system (Hereu 2006; Hereu et al.
2008), and important environmental factors that shape their
distribution (Ros et al. 1985; Garrabou et al. 1998; Virgilio
et al. 20006).

In each location, we haphazardly placed a 50-m transect
line between 5 and 10 m depth. We used underwater visual
census (UVC) in a 2-m-wide strip at each side of the tran-
sect line to quantify fish abundance. Specifically, we
recorded the number of fish specimens belonging to the
most common and abundant demersal fish families in the
study area (Labridae, Sparidae, and Serranidae). Sarpa
salpa (Linnaeus 1758) was treated independently of the
family Sparidae to which it belongs to account for func-
tional differences in their feeding behavior. S. salpa is a
strict herbivore with a strong aggregating behavior as

opposed to the remaining sparid species which are carni-
vores or omnivores.

In the same transect line, we quantified the sessile com-
position by recording every 50 cm the organism present
underneath the line (point-intercept method, 100 points
total). Crustose coralline algae (also referred to as encrust-
ing red algae, corallines or crusts, following Steneck et al.
1991) such as Lithophyllum sp., Mesophyllum sp., and
Peyssonnelia sp. were recorded when not overgrown by
other algal species (Tuya and Haroun 2006). We combined
algal species into functional groups because they represent
ecologically distinct and relevant groups suitable to exam-
ine overall changes in benthic community (Britton-
Simmons 2006; Perner and Voigt 2007). We adapted for
our study the algal functional groups described by Steneck
and Watling (1982) (Table 1), which are widely used and
strongly correspond to specific ecological characteristics
(Littler and Littler 1984). Species of sessile invertebrates
were also classified according to their zoological group as
sponges, bryozoans, ascidians, hydrozoans, anthozoans,
and cirripeds. We also quantified the number of sea urchins
and number of the sea stars Echinaster sepositus and
Marthasterias glacialis (Linnaeus 1758) along a 50-m?-
wide strip, centered in the transect line. The most abundant
sea urchin species in the area was Paracentrotus lividus
(Lamarck 1816). A few specimens of the sea urchin Arbacia
lixula (Linnaeus 1758) were noticed in some transects,
although numbers were low as this species inhabits prefer-
entially artificial breakwaters (Palacin et al. 1998b). To
facilitate underwater quantification, we included both
species in our sea urchin category as main invertebrate
grazers on these communities.

All abiotic variables were measured in the same transect
line used to quantify biotic data. We used the chain-and-
tape method to calculate substrate rugosity (Risk 1972).
Every five meter along the transect line, we recorded depth
(dive computer), slope (as the arcsin of the depth difference
between the transect line and one meter down the slope),
and orientation (compass). The ten individual measure-
ments of depth, slope, and orientation for each transect
were averaged to a single value for each location. Satellite
temperature data for each of the 24 locations during the
sampling months were extracted from http://oceancolor.
gsfc.nasa.gov.

Rather than extensively sampling a single or a small
group of locations based on specific characteristics, we
sampled 24 locations over 150 km of coastline to assess the
variability of the target algal-dominated community. We
conceived this observational part of our study as an explor-
atory analysis to assess whether the abundance of Echinas-
ter sepositus correlated with other biotic and abiotic
variables in the community, which could provide testable
hypotheses on the causes of sea star variation. We relied on
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Table 1 Functional groups used to classify algal species, main anatomic traits of the group, and examples found in our study area (Modified from

Steneck and Dethier 1994)

Functional group Comparative anatomy

Examples

Filamentous Uniseriate line of equal cells
Foliose Differentiated cortex with one layer cells medulla
Corticated Differentiated cortex with multilayered medulla
Calcareous Multilayered with calcified cortex

articulated

Crustose coralline Cortex and medulla both calcified

Cladophora sp., Falkenbergia rufolanosa
Codium bursa, Dictyota dichotoma., Flabelia petiolata

Gelidium latifolium, Halopteris scoparia,
Sphaerococcus coronopifolius

Amphiroa rigida, Corallina elongata, Halimeda tuna
Acetabularia acetabulum?®

Peyssonnelia squamaria, Mesophyllum lichenoides.
Lithophyllum incrustans

# Unicellular species. Included in the group “Calcareous articulated algae” because of its size and heavy calcification

a regression style approach as opposed to an analysis of
variance (ANOVA) approach, since all our variables were
continuous and we lacked quantitative information on sea
star variability as to define ecological relevant categories
(Gotelli and Ellison 2004). Accordingly, each location in
our study represented a replicate of the community, so there
was no need for additional replication within locations. Our
data, however, were representative of the location and
accounted for the small-scale variability within each partic-
ular location. Our 50-m-long UVCs provided ample repre-
sentation of rocky fish assemblages in the Mediterranean,
where 25-m-long UVCs are often used (Harmelin-Vivien
et al. 2008). As to the benthic community, our 50-m-long
transect lines spanned the range of spatial variability pres-
ent in each location due to differences in orientation, pres-
ence of high densities of herbivores, species patchiness, or
other small-scale sources of variation. As an example, 50
and 80% of the species we found occurred within the first
10 and 25 m, respectively (data not shown). Thus, the spa-
tial grain of our 50-m-long transects was above the usual
size of sample unit in these types of studies and comple-
ments the regional spatial extent of our study.

Analyses of field data

We used linear regression to test for independence between
abiotic variables. We then tested whether the abiotic vari-
ables were affecting biotic composition with the BIO-ENV
procedure of Primer 6 (Clarke and Warwick 2001). This
procedure calculates a Bray—Curtis similarity matrix (on
square-root transformed abundance of the biotic variables)
that is compared to multiple combinations of the abiotic
variables at steadily increasing levels of complexity, until
the best match of biotic and environmental patterns is found
(or lack thereof). Since the BIO-ENV procedure evaluates
relationships at a community level, we used multiple corre-
lation analysis (Systat, SPSS 1999) to specifically test
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whether the abundance of Echinaster sepositus was corre-
lated with any abiotic variables.

We classified the 24 sampling sites as a function of the
abundance of Echinaster sepositus. High and low density
locations referred to sites with above and below average sea
star density for the whole study area. We then used analysis
of similarity (ANOSIM) to test whether community organi-
zation varied between these two groups with contrasting
sea star abundance. An exploratory similarity breakdown
using the SIMPER procedure available in the PRIMER
software assigned the relative contribution of the biotic
variables to the dissimilarities between locations with high
and low abundance of E. sepositus (Clarke and Ainsworth
1993). Based on these results, we then used multiple corre-
lation analysis (Systat, SPSS 1999) to test for the relation-
ship between the abundance of the sea star and every
variable that contributed to the 50% dissimilarity between
high and low abundance locations.

For those species whose abundances correlated with
Echinaster sepositus, we used the y? test of the variance
to mean ratio as an index of dispersion (IOD) to check
whether they matched their spatial distributions (Elliot
1977). We used abundance data from each location and
pooled data from multiple groups of neighbor locations
to calculate the IOD at increasing geographic scales from
tens of meters to tens of kilometers. The smallest scale
corresponded with our 50-m transects in each of the 24
locations. We then pooled abundance data from 2, 3, 4,
6, 8, and 12 neighbor locations (12 was the maximum
number of locations that we could pool and still had two
independent groups as replicates). These groups of
neighbor locations corresponded with distances of 6, 13,
18, 31, 42, and 68 km, respectively (average of the dis-
tance between the most distant locations in each group).
We then tested whether the spatial distributions of
E. sepositus and other selected species or groups were
correlated.
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Experimental manipulation of sea star abundance

To test the hypothesis that Echinaster sepositus can alter
community organization, we manipulated sea star densities
in a shallow rocky area known as Punta Santa Anna. We
selected this particular location because of the presence of
several rock patches located in a sandy shallow area right
next to our location 24. Natural densities in this location
were below the average found in the whole study area, but
E. sepositus was actually absent on these particular rocks.
We targeted this type of landscape so individual rocks
could be used as independent treatments isolated by sandy
bottoms, which acted as a natural barrier to prevent sea star
dispersion to adjacent areas. We also selected for rocks that
were appropriate to design a manageable experiment, i.e.,
large enough to incorporate several sea stars, small enough
to prevent a massive sea star rearrangement, and with com-
parable conditions. We found nine rocks off the coastal
rocky bottom at a depth of eight meters. The low number of
appropriate replicates and the lack of knowledge on the
actual effect of sea star density on community organization
suggested against a traditional “ANOVA-like” experiment.
Rather than categorizing sea star density to test for a few
arbitrary values with low levels of replication, we chose an
experimental regression approach and used regression to fit
our data. Experimental regression is a very efficient and
ideal design to characterize changes in community compo-
sition with increasing sea star densities (Gotelli and Elison
2004).

We selected for nine density levels that included natu-
ral densities and beyond the maximum density of 0.4
specimens/m2 found in our region (0, 0.05, 0.1, 0.2, 0.4,
0.6,0.8,1.1,and 1.4 specimens/mz). We then used analy-
sis of covariance (ANCOVA) to test for the effect of den-
sity and time (beginning and end of the experiment) on
the percent cover of sessile organisms. A statistically sig-
nificant “density x time” interaction term would indicate
that sea stars have an effect on community organization
(effect of density varies as a function of time). The exper-
iment lasted 4 months (November 2006 to February
2007), and sea star densities were monitored weekly to
ensure constant density values throughout the experi-
ment.

For each rock, we quantified the sessile composition by
recording the organism present underneath randomly gen-
erated points. The number of points varied proportionally
to rock area to prevent bias in our sampling effort as a func-
tion of rock size. Specifically, we sampled 100 points every
50 m? of rock, ranging between 60 and 120 points for our
smallest 30 m?> and largest 60 m? rocks. Prior to the
ANCOVA, we used factor analysis (FA) to reduce the
number of species to a few coherent groups (factors) of spe-
cies that were correlated with one another within groups but

largely independent between groups (Tabachnick and
Fidell 2001). These groups can reduce notably the number
of variables with little loss of information (Tabachnick and
Fidell 2001). Specifically, we used a principal component
analysis extraction (PCA) with varimax rotation and a min-
imum eigenvalue of 1 to estimate the number of factors.
The resulting independent factors were used as variables in
a multivariate analysis of covariance (MANCOVA) to test
whether community composition varied as a function of
sea star density and time. Evaluation of assumptions of
normality, homoscedasticity, linearity, multicolinearity,
and homogeneity of slopes was satisfactory (Tabachnick
and Fidell 2001).

Results
Correlates of sea star abundance

Except temperature (R = 0.830, P < 0.001), none of the abi-
otic variables quantified were associated with geographic
position. We identified 49 sessile benthic species although
turf, Mesophyllum sp, Halopteris sp, and Dilophus sp occu-
pied over 50% of the total area (Fig. 2).

Family fish abundance varied between locations
(Table 2). Labrids and sparids were the most abundant fish
groups. Serranids were never abundant in the study area,
while Sarpa salpa was locally very abundant (Table 2).

Sea urchins were the most abundant vagile organisms in
the benthos and Echinaster sepositus the most abundant
sea star. The average abundance of E. sepositus for the
whole study area was 4.29 + 1.07 (mean & SE, Table 2)
and showed a significant geographic trend, being more
abundant in northern than southern locations (Fig. 3;
¥?=19.660, df = 1, P <0.001). We found no E. sepositus
in nine out of the 24 locations (Fig. 3) and a single individ-
uval of Marthasterias glacialis in each of six locations
(Table 2).

All the quantitative environmental variables (tempera-
ture, rugosity, depth, orientation, and substrate slope) were
unrelated to each other (correlation analysis, P > 0.05 for
all comparisons). At the community level, abiotic factors
failed to explain community organization on our study area
as evaluated by the Primer’s BIO-ENV procedure
(R =0.136, P =0.500). Abundance of Echinaster sepositus
was only correlated with substrate slope (R=0.414,
P =0.045) before, but not after, Bonferroni correction.

Community composition varied significantly between
locations with high (>5 individuals) and low (<5 individu-
als) abundance of Echinaster sepositus (ANOSIM, Global
R =0.267, P =0.017). Sea urchins, the herbivore fish Sarpa
salpa, crustose coralline algae, sparid fishes, and calcareous
articulated algae were responsible for 50% of the dissimilarity
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Fig. 2 Cumulative abundance
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Table 2 Minimum, maximum, and mean =+ standard error values of
fishes and echinoderms in the studied area

Organism Min Max Mean + SE
Labridae 13 66 32 +£3.32
Sparidae 2 66 23.17 £3.25
Serranidae 0 12 5.08 £0.85
Sarpa salpa 0 55 8.66 &+ 3.24
Sea urchins 22 259 108.75 + 14.85
Echinaster sepositus 0 20 4.29 £ 1.07
Marthasterias glacialis 0 1 0.25 + 0.09

Fish data are number of individuals found in a 50 m x 4 m strip. Echi-
noderm data are number of individuals in a 50 m x 1 m strip

between sites with high and low abundance of the sea star
(SIMPER analysis, Table 3). Sea urchins and calcareous
articulated algae were more abundant in locations with low
abundance of E. sepositus, while S. salpa, sparid fishes, and
crustose coralline algae were more abundant in locations
with high abundance of the sea star (Table 3).

Sea star abundance was positively correlated with the
abundance of crustose coralline algae, even after Bonfer-
roni correction (R =0.662, P<0.001). As Echinaster
sepositus, this algal group was more abundant in northern
than southern locations (;(2 =22.688, df =1, P<0.001).
The spatial distribution of E. sepositus and crustose coral-
line algae were strongly correlated as shown by the y> test
of their index of dispersion (R =0.982, P < 0.001, Fig. 4),
which also showed a trend from contagious to random dis-
tributions from local to regional scales (Fig. 4).
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Fig. 3 Bardiagram of the number of Echinaster sepositus in 50 m? for
each location. Locations ordered from north (fop) to south (bottom).
Significant differences in sea star abundance between northern and
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(> = 19.660, df = 1, P < 0.001)

Effects of sea stars on community organization

We quantified a total of 37 sessile species on the experi-
mental rocks. Algae dominated in number of species and
percent cover (algae: 22 species, 88.8% cover; sponges:
9, 9.4%; cnidarians: 4, 0.9%, and ascidians: 2, 0.9%).
Factor analysis of the 38 species (including bare rock)
resulted in 11 independent factors that explained 90.08% of
the total variance (Table 4). Multiple analysis of covariance
(MANCOVA) on the 11 factors showed no significant
“density x time” (Wilk’s A = 0.327, F = 0.750, P = 0.682),
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Table 3 Functional groups and species average abundance, on
square-root transformed data, and their contribution to dissimilarity (%)
between localities with high and low density of Echinaster sepositus

Table 4 Factor analysis (FA) on the percent cover of the 38 sessile
species (including bare rock) quantified in the community where den-
sities of Echinaster sepositus were manipulated

Variables Aver. Abund.  Aver. Abund. % Dissim. Species Factor Coeflicient Variance
Low dens. sites High dens. sites explained (%)
Sea urchins 10.32 8.64 15.69 Dyctiota sp A 1 —0.854 15.16
Sarpa salpa 1.69 249 10.37 Cladophora sp A 1 0.799
Crustose coralline 3.10 5.16 8.76 Falkenbergia sp A 1 0.776
algae Dilophus sp A 1 0.746
Sparids 4.42 4.76 7.98 Aglaophenia sp c 1 —0.684
Calcareous algae 1.88 1.35 7.00 Clavellina sp T 1 —0.645
Corticated algae 4.74 3.74 6.07 Codium vermilara A 1 0.615
Filamentous algae 4.50 3.58 6.01 Plocamium sp A 1 —0.538
Serranids 2.18 141 5.66 Halocynthia papillosa T 2 —0.965 9.61
Labrids 5.59 5.28 5.66 Cereus pedunculatus c 2 —-0.916
Sponges 2.44 1.74 5.64 Jania Rubens A 2 —0.746
Foliose algae 5.23 5.49 4.37 Corallina elongata A 2 —0.665
Posidonia oceanica  0.92 0.14 3.92 Ircinia sp S 3 —0.825 8.45
Free space 0.59 0.49 3.00 Codium bursa A 3 —0.774
Others 7.13 8.99 9.87 Turf A 3 0.654
Chondrosia reniformis S 3 —0.616
Bare rock - 4 —0.986 8.41
150
S lina S 4 —0.986
A A Echinaster sepositus copatind sp
| ] B Crustose coralline algae Mesop hy lum P A 4 —0.639
120 1 Peyssonnelia sp A 4 —0.559
.§ Balanophyllia sp cC 5 —0.955 9.06
§_ 90 - Amphiroa sp A 5 —0.955
% Padina pavonica A 5 —0.591
:CE 60 | Sphaerococcus sp A 5 0.567
—°§ n A Cladostephus hirsutus A 5 —0.544
— [ ] ) Aglaozonia sp A 6 —0.929 8.67
30 4 | contagious .
— A R Halopteris sp A 6 —-0.717
R ——— A gl Phorbas fictitius s 6 —0.653
0 r T T T T T i —
0 0 0 0 2 < 0 20 Hallme.da tuna A 6 0.509
Distance (Km) Petrosia sp S 7 —0.904 7.19
Rhodymenia sp A 7 —0.594
Fig. 4 Index of dispersion as calculated by the z? test of the variance Phorbas tenacior S 7 0582
to mean ratio of Echinaster sepositus (open triangle) and crustose cor- . '
alline algae (solid square) as a function of increasing population dis- ~ Dysidea avara S 8 —0.905 8.08
tance. Both species showed a highly contagious spatial distribution Flabelia petiolata A 8 —0.664
(white area) at a scale of tens of meters that shifted toward randomness Crambe crambe S 8 —0.504
(gray area) with increasing distance (R = 0.982, P < 0.001) Gelidium latifolium A 9 —0915 500
Corticium candelabrum S 10 —0.833 5.18
Eunicella singularis Cc 11 —0.944 5.18

no “density” effect (Wilk’s A =0.217, F = 1.641, P = 0.305),
but a significant “time” effect (Wilk’s A = 0.002, F = 245.305,
P <0.001) that is exclusively driven by factor 1 (ANOVA,
F=33.328, P<0.001). This factor comprises seasonal
species of algae and invertebrates very common in this area
and whose abundances might dramatically change in such
time period (Table 4).

A specific ANCOVA on the percent cover of crustose
coralline algae as a function of time and density showed

To facilitate interpretation, only coefficients with absolute value larger
than 0.5 are shown. Capital letters in the first column indicate algae
(A), cnidarians (C), sponges (S), and tunicates (T). The resulting inde-
pendent factors after FA explained 90% of the total variance

that none of the factors neither their interaction was significant
(density: F'=1.438, P=0.249; time: F=0.888, P=0.361;
density x time: F =0.016, P = 0.902).
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Discussion

It is widely accepted that habitat variability provides more
opportunities for species to find and occupy their niche,
regulating many ecological processes including the abun-
dance and distribution of species (Zajac et al. 2003; Hewitt
et al. 2005). In our study, we targeted a specific, representa-
tive, and well-established algal community in the western
Mediterranean seeking for a reasonably homogeneous envi-
ronment where to investigate the abundance of the sea star
Echinaster sepositus over a larger regional scale of 150 km.
In this sense, our study assessed whether small variation
within homogeneous habitats can explain differences in
species abundance at larger geographic scales, combining
goals associated with small- and larger-scale studies
(Benedetti-Cecchi and Cinelli 1995; Ruitton et al. 2000;
Fabricius and De’ath 2001). Our study showed significant
differences between nearby communities with high and low
abundance of E. sepositus. Although several species con-
tributed to such differences, we found that only percent
cover of crustose coralline algae was correlated with abun-
dance of sea stars. Moreover, the indexes of dispersion of
these species from tens of meters to tens of kilometers were
highly correlated, supporting the matching spatial distribu-
tions of these species in our study area. Multiple biological
and statistical arguments could be behind the rationale of
this relationship. Our results could either stem from a spuri-
ous statistical relationship between crustose coralline algae
and sea star abundance, be the result of a direct relationship
between them, or be caused by a third unidentified variable.

Although a spurious correlation between the abundance
of Echinaster sepositus and crustose coralline algae cannot
be completely ruled out, statistical and biological evidence
suggests otherwise. Because we considered over 40 biotic
and abiotic variables in our study, the possibility to obtain
some meaningless but statistically significant correlations
between them looms large. However, we believe this is
unlikely in our study because of statistical and biological
reasons. Rather than “data snooping” with our whole data
set (Westfall and Young 1993), we searched for correlates
of sea star abundance in five abiotic and five biotic vari-
ables that were selected based on the results from broader
analysis at a community level. This rationale is similar to
the bioassay-guided fractionation used for example in
chemical ecology to identify the specific compound(s)
responsible for an ecological role (Becerro etal. 2001),
although our study does test the same data multiple times.
To decrease the probability to reject a true null hypothesis
(Type I error), we used Bonferroni adjustment to correct
our correlations. In our study, only the percent cover of
crustose coralline algae was significantly correlated with
sea star abundance after Bonferroni correction. Statisti-
cally, the probability to obtain by chance such a significant
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correlation in a series of 10 tests (as calculated by the
Bernoulli equation) is in fact below the traditional 0.05 sig-
nificant level (P =0.010, Moran 2003). Beyond the rela-
tionship between the species abundances, we also found a
highly significant correlation between the patterns of distri-
bution of both species, as indicated by their IOD. A number
of ecological mechanisms make more plausible arguments
for this relationship.

Here, we set forth the hypothesis that the abundance of
Echinaster sepositus may be mediated by crustose coralline
algae. This hypothesis is based on the lack of relationship
between sea star abundance and abiotic factors, the high
correlation between the abundance and spatial distribution
of crustose coralline algae and E. sepositus, and the inca-
pacity of the sea star to induce shifts in community organi-
zation during the course of our experiment.

We found no relationship between abiotic variables
and community composition. This is likely a consequence
of the narrow range of environmental variability covered
in our study. Shallow Mediterranean rocky communities
are dominated by algae, whose composition is known to
vary as a function of depth (Boudouresque 1985; Gili and
Ros 1985). Orientation, rugosity, and slope are also
known to regulate the distribution of sessile organisms
(Diez et al. 2003; Tuya and Haroun 2006; Roberts et al.
2006). The 24 locations we investigated in our study tar-
geted a specific algal community dominated by species of
moderately calm conditions that demarcated a homoge-
neous facies (Péres and Picard 1964; Ros et al. 1985). The
abundance of Echinaster sepositus in particular was also
unrelated to the abiotic variables investigated in our
study, except for a weak correlation with slope that failed
to pass Bonferroni correction. Sand, algal cover, and
depth correlate with the abundance of E. sepositus
(Entrambasaguas et al. 2008), but all these variables had
minor variations in our study and failed to explain sea star
abundance in our community. This lack of relationship
with environmental variables seems to be common in other
echinoderms, whose distributions are better explained by
biotic factors (McClanahan 1998; Alves etal. 2001;
Dumas et al. 2007).

Community composition varied between locations with
high and low abundance of Echinaster sepositus. Differ-
ences were small as indicated by the low R value found in
our ANOSIM analysis and driven primarily by sea urchins,
Sarpa salpa, crustose coralline algae, sparid fish, and cal-
careous articulated algae. Among them, abundance of
encrusting algae was positively correlated with the abun-
dance of the sea star although the true nature of this associ-
ation is unknown. Whatever the mechanisms, they seem to
operate from local to regional scales as suggested by the
high match in the index of dispersion of both species at the
multiple scales investigated in our study. Both species
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showed a highly contagious distribution up to about 40 km,
when they came close to a random distribution.

A possible explanation for the positive relationship
between the abundance of Echinaster sepositus and crus-
tose coralline algae is that high cover of crustose coralline
algae may lead to higher abundance of E. sepositus.
Numerous benthic invertebrates are known to be positively
associated with high cover of crustose coralline algae. Its
presence is known to enhance larval settlement and induce
metamorphosis in many invertebrates (Daume et al. 1999;
Heyward and Negri 1999; Morse et al. 1988) including sea
stars (Barker 1977; Johnson and Sutton 1994) and other
echinoderms (Huggett et al. 2006). Whether Echinaster
sepositus settles preferentially on this substrate remains
unknown but could be behind this positive association.
Crustose coralline algae are also known to enhance growth
and survival of new recruits (Rowley 1990; Harrington
etal. 2004). A trophic relationship between Echinaster
sepositus and crustose red algae or its associated fauna
could also explain this association. Feeding preferences can
result in spatial patterns of predator abundance if the preda-
tor mimics an irregular prey distribution or selects for envi-
ronments that facilitate the access to its food resources
(Yasuda and Ishikawa 1999; Torres et al. 2008; Hines et al.
2009). The diet of E. sepositus includes algae and multiple
meiofaunal groups (Vaserot 1961) although further infor-
mation is needed to clarify feeding habits and preferences.
Crustose coralline algae can host a wide variety of associ-
ated fauna (Martin 1987; Williamson and Creese 1996;
Cebrian and Uriz 2006), so the possibility that E. sepositus
could feed on these algae or their associated fauna cannot
be ruled out. The sea star Stichaster australis is known to
feed on the encrusting algae Mesophyllum insigne until
juveniles reach over 2 cm in diameter (15-18 months old).
Experimental testing of the sea star feeding preferences and
stable isotopes analysis could provide useful data to support
or refute the hypothesis of a trophic link between E. sepos-
itus and crustose coralline algae.

An opposite hypothesis would be a positive effect of
Echinaster sepositus on percent cover of crustose coralline
algae. Our experimental data failed to support this hypothe-
sis. The sea star was unable to induce any shift in the com-
position of the benthic community in 4 months despite we
used densities that exceeded over three times the maximum
natural density found in our study area. A larger percent
cover of crustose coralline algae could result from a true
increase in their abundance, a reduction in other algal or
sessile species, or a combination of both factors. Although
a true increase in crustose coralline algae may need longer
than 4 months to be noticeable, we did notice changes in
community composition over the course of the experiment.
These changes were restricted to our factor 1 (which
included organisms with clear seasonal dynamics such as

Dictyota, Cladophora, Falkenbergia, Dilophus, or Agla-
ophenia) and were unrelated to sea star abundance. Many
sea stars are voracious feeders that might control their prey
abundance and alter community organization and function-
ing (Menge 1982; Duggins 1983; Rotjan and Lewis 2008).
However, E. sepositus seems to lack the biological traits
that make other echinoderms key players in community
organization (Uthicke et al. 2009). Overall, our results sug-
gest against the role of E. sepositus as a main contributor to
community organization. If any, changes in the sessile
community mediated by the sea star must be subtle and
need longer to become noticeable.

Alternatively, the positive correlation between crustose
coralline algae and Echinaster sepositus could reflect a
mutual relationship on a third unidentified biotic or abiotic
factor. For example, herbivores have the capacity to
remove erect fleshy algae exposing crustose coralline algae
(Palacin et al. 1998a), which facilitates the abundance of
other invertebrates (Cebrian and Uriz 2006). Our data
showed that sea urchins and Sarpa salpa were the main
contributors to the dissimilarities between locations with
high and low abundance of E. sepositus. Whether herbi-
vores could favor a correlation between sea star abundance
and crustose coralline algae by depleting fleshy algae
remains an open question subject to hypothesis testing.
Similarly, crustose coralline algae and E. sepositus could
target the same habitat because of specific but unknown
abiotic characteristics. For example, temperature is known
to have significant effect on species distribution. Our north-
ern locations have larger abundance of sea stars, crustose
coralline algae, and may be up to 2°C cooler than our
southern locations. Also, northern and southern locations
differ in their orientation, predominant wind, and wave
exposure, which could account for differences in commu-
nity composition or species abundance. At this larger geo-
graphic scale, we could expect a correlation between sea
star abundance and temperature, orientation, or predomi-
nant winds if measured. The abundance and patchy distri-
bution of E. sepositus in southern Spain is similar to what
we report in our study (Sanchez-Jerez et al. 2005, technical
report) despite water temperature is about 5°C higher.
Although the role of these factors in the abundance of
E. sepositus is unclear, geographic variation in temperature, or
other factors are unlikely to contribute to the striking varia-
tion in sea star abundance found between nearby locations.
Factors acting at a scale of hundred meters or less are more
likely behind the local variation found for this species.

Multiple interacting factors affect the distribution and
abundance of species. Understanding their role is crucial to
learn how natural communities organize and function. Our
study took a comprehensive approach by looking at multi-
ple factors at a within-community level over a regional
scale. Our data showed that the within-community spatial
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variability in the abundance of Echinaster sepositus and
crustose coralline algae was correlated. Experimental addi-
tion of the sea star resulted in no changes in algal composi-
tion. These results suggest that crustose coralline algae
could mediate the abundance of E. sepositus. Habitat heter-
ogeneity has been suggested to play a major role in the
organization of echinoderm assemblages, which showed
greater variability at fine than large spatial scales (Ent-
rambasaguas et al. 2008). Our data were consistent with
this hypothesis and showed an increasingly larger departure
from a random distribution of E. sepositus as we stepped
down from regional to local scales. Our detailed analysis of
shallow Mediterranean algal communities also opened a
number of questions that remain to be tested. More research
will clarify the true nature of the relationship between crus-
tose coralline algae and E. sepositus.
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