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a b s t r a c t

The molluscan fauna inhabiting the algal turfs of mesolittoral rocky outcrops, dominated by the
coralline alga Ellisolandia elongata, has been quantitatively analysed in a Marine Protected Area
of Málaga, southern Spain (W Mediterranean). A total of 2520 mollusc specimens belonging to
46 species were identified. This taxocenosis was compared to that previously studied from the
infralittoral level, where the alga Halopteris scoparia was prevailing and 4084 specimens belonging to
66 species of Mollusca were found. The species Pisinna glabrata, Skeneopsis planorbis, Nodulus spiralis
and Tricolia miniata dominated the mesolittoral stage. The occurrence of congeneric species pairs
(Tricolia miniata/Tricolia pullus, Nodulus spiralis/Nodulus contortus) which achieve high abundance in
one of the levels and are scarce or absent in the other was striking. Therefore, the coralline algal turf
in the lower part of the intertidal zone is not just an extension of the ‘‘Photophilous Algae’’ community
but a benthic community of its own.

© 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The intertidal zone is a harsh environment which undergoes
easonal and daily extreme variations in environmental factors
Raffaelli and Hawkins, 1996). At low tide, long periods of expo-
ure to air may trigger high temperatures and rapid evaporation
n summer, whereas in other seasons rain may induce drastic
ariations in salinity. With the high tide, exposure to wave action
s a challenge for mobile animals, benefiting sessile organisms.
ost of the intertidal zone corresponds to the mesolittoral level,
omprised between the prevalent levels of high and low tide
Pérès and Picard, 1964; Pérès, 1982), an area constantly swept
y the swaying of the waves that represents the most temporally
nd spatially variable of all marine habitats.
The infralittoral zone is comprised between the normal low-

ater level and the depth at which the incident light does not
llow the survival of the photophilic algae and seagrasses (Pérès
nd Picard, 1964). On rocky shores, it is the zone of greater algal
rowth, sometimes presented as analogues of terrestrial forests.

∗ Corresponding author at: Departamento de Estratigrafía y Paleontologia,
niversidad de Granada, Avenida Fuente Nueva, s/n, 18071 Granada, Spain.
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ttps://doi.org/10.1016/j.rsma.2023.102842
352-4855/© 2023 The Author(s). Published by Elsevier B.V. This is an open access a

nc-nd/4.0/).
Permanent immersion makes the environment more stable and
this will be reflected in its fauna composition, with a high degree
of spatial structuring and high specific diversity (Ros et al., 1989).

In the Mediterranean, the tides are generally small and the
mesolittoral level is narrow (Ros et al., 1989). The mesolittoral al-
gal belt are mainly constituted by small red algae, with a changing
species composition along the year in relation to environmental
variables (Templado et al., 2012). In areas where the mesolit-
toral rocks form an extensive platform, pools with infralittoral
conditions may be found as enclaves (Pérès, 1982).

Many of the organisms in the mesolittoral and infralittoral
fringes live associated with algae, which provide their food source
as well as a fundamental protection for their development, both
against biotic factors (possible predators) and abiotic factors (en-
vironmental stress) (Ros et al., 1989). Furthermore, the retention
of sediment by algae allows the development of a more com-
plex habitat (Urra et al., 2013) in which three subsystems can
be defined: (1) the algal community itself, which functions as
engineering species of the ecosystem; (2) the species associated
with the algal fronds; and (3) the species associated with the
underlying substrate (Fernández et al., 1988; Urra et al., 2013).

The underlying substrate, where a quantity of sediment is
usually retained, appears to be a more stable microhabitat since
it does not usually present large seasonal or annual changes
(Urra et al., 2013). In addition, the fauna associated with the
rticle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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Fig. 1. The rocky shore at Calahonda photographed in February 2017 at low hater of spring tide. The algal turf on the emerged part was sampled in this study. The
submerged part is infralittoral characterized by the presence of the brown algae Halopteris scoparia (dark tufts).
lgal fronds could vary depending on the structural differences
etween algae, mainly morphology (Chemello and Milazzo, 2002;
rra et al., 2013), but also composition (e.g., calcium carbonate
n coralline algae) or metabolites (e.g., caulerpine in algae of the
enus Caulerpa) (Waters et al., 1996; Catra et al., 2019). In the

mesolittoral, exposed at low tide, the refuge from desiccation
constituted by algae becomes even more important than in the
infralittoral (Brown and Taylor, 1999).

Molluscan communities are important in these habitats where
hey find refuge and food. They are valuable indicators of bio-
iversity due to their abundance (representing approximately a
uarter of total marine species), diversification and widespread
istribution, along with the abundant existing information re-
arding their biology, ecology and taxonomy (Gladstone, 2002;
mith, 2005).
This study is part of a comprehensive assessment of the biota

n the Special Area of Conservation of Calahonda, on the littoral
f Málaga (NW Alboran Sea). We focus on the composition of the
olluscan taxocenosis associated with algae in the mesolittoral
nd we compare it to that previously found at the algal cover
rom the infralittoral level by Urra et al. (2013) to know vertical
onation in this area.

. Material and methods

.1. Study area

The study was carried out at the Special Area of Conservation
SAC) of Calahonda, between Calahonda (36◦28′N, 04◦44′W) and
unta de Calaburras (36◦30′N, 04◦38′W), in the western part of

the province of Málaga. This area comprises extensive metamor-
phic rocky outcrops, whereas elsewhere in the littoral of Málaga
over 90% of the shores are beaches of coarse sand or gravel, or
artificial substrates. In the SAC of Calahonda, during the low tide,
there are many pools between the rocks (Fig. 1) and an algal mat
is visible below the fringe of Chthamalus.
2

2.2. Sampling procedures

To recovery the maximum number of specimens in each area,
two methodologies were applied in order to optimize collection,
taking into account the characteristics of each area: scraping
completely a quadrat in the intertidal zone, and the airlift pump
in permanently submerged bottoms.

The mesolittoral samples were collected at 36◦29.225′N,
04◦42.705′W on February 28, 2017, coincident with a near-100
tide coefficient, at low tide, where a continuous algal turf was
present. Four 25 × 25 cm square frames were randomly dis-
tributed on the bedrock surfaces, discarding loose boulders, be-
cause the formers are stable and reflect more accurately the
characteristic diversity at these levels (Hawkins and Jones, 1992);
these areas also feature a more or less flat surface to facilitate
a thorough scraping. The algae and the retained sediment were
collected by entirely scraping the square delimited by the grid
(Bellan-Santini, 1965). The algae were kept in a freezer at −20 ◦C
for later identification and the remaining fraction was sieved on
3, 2, 1 and 0.5 mm meshes and preserved in 70% ethanol (Urra
et al., 2013).

In order to compare the taxocenosis of molluscs associated
with the mesolittoral algal turf collected in the present study with
that present in infralittoral algae, we used the data obtained in
the same area by Urra et al. (2013), at 36◦29.316′N, 04◦42.066′W.
Samples of the infralittoral algal turf were collected on replicated
50 × 50 cm quadrats, first collecting the algal fronds and then
sampling the underlying surface with an airlift pump (Urra et al.,
2013). Four seasonal sets of samples at two sites were considered
by Urra et al. (2013) of which we used here the set collected in
winter (January 2008). The sieving (down to 0.5 mm) was the
same as in the present study.

The samples were collected in different years but, albeit there
can be some interannual variation, this has been reported else-
where as not affecting markedly the species richness and com-
position (Augustin et al., 1997; Nicolaidou et al., 2006; Ciércoles
et al., 2016).

For both sets of samples, molluscs were sorted and identified
at the species level following Gofas et al. (2011) and counted. The
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cientific names of each species were checked against the nomen-
lature of the ‘‘World Register of Marine Species (WoRMS)’’
WoRMS, 2022).

.3. Data analysis

After the identification of the species obtained in each sample,
n area-species curve was performed in order to determine if
he minimum sampling area was reached according to Cain and
astro (1959), assuming that the minimum area has been reached
hen an increase of 10% of the area corresponds less than 10%

ncrease in the number of species.
The characterization of each species takes into account: (1)

he abundance (N); (2) the frequency index (%F: percentage of
amples in which the species is present); and (3) the domi-
ance index (%D: percentage of individuals of one particular
pecies with respect to the total). The characterization of the
axocenosis was obtained according to: (1) the species richness
S); (2) diversity as indicated by the Shannon–Wiener index (H′

log 2), which incorporates both the species richness and the
relative abundance of each species, thereby accounting for the
composition and structure of the communities in a quantitative
mode (Krebs, 1989); and (3) evenness index (J) that determines
the degree of distribution of individuals among the identified
taxa, where values close to 1 show a most equitable distribution
(Pielou, 1969). These ecological indices were calculated using the
software PRIMER (v.6) from the Plymouth Marine Laboratory, UK.

A data matrix was created in a spreadsheet for all species
found in this study (mesolittoral samples), and in the Cala-
honda winter samples of Urra et al. (2013) (infralittoral sam-
ples). All abundance values were converted to density values
(individuals/m2) in order to standardize the data from both stud-
ies. We applied PRIMER (v.6) software (Clarke and Warwick,
1994) for the analysis of affinity between samples. The data were
transformed by applying the fourth root (executed by default
in PRIMER v.6), which reduces the effect of the most abundant
species on the similarity of two samples, allowing the least
abundant to contribute to a greater extent to the estimate of the
similarity. This previous step is important, since we use the Bray
and Curtis Dissimilarity Index (Bray and Curtis, 1957), which is
very sensitive to extreme abundance values when there is a high
dominance of a species. From the transformed data, the Bray and
Curtis index was calculated and a semi-matrix was obtained with
the resulting values.

A dendrogram and MDS (Non-Metric Multidimensional Scal-
ing) were also applied to the semi-matrix based on the similarity
obtained with the Bray and Curtis index. Dendrogram nodes are
distributed according to an axis indicating percentage of similar-
ity between samples. In MDS, the distance between the points
(samples) that are represented graphically would be proportional
to the similarity between the samples. In addition to the graphic
representation, a stress coefficient was shown (Kruskal and Wish,
1978) that measures the discrepancies between the resulting
distances. A value of 0.1 would correspond to a very reliable inter-
pretation of the graphical representation, while values above 0.3
suggest an almost arbitrary arrangement (Clarke and Warwick,
1994).

A SIMPER (SIMilarity PERcentage) analysis was done in or-
der to know the contribution of the species in the similar-
ity/dissimilarity within and between the groups of samples
(meso- and infralittoral, defined a-priori). The ANOSIM test,
through a RANOSIM value which varies between 1 and −1, was ap-
lied to check if the differences between groups were significant
RANOSIM value approaching 1 or −1) or not (RANOSIM value near
).
3

3. Results

3.1. Habitat characterization

The most representative alga in all mesolittoral samples was
Ellisolandia elongata (J. Ellis & Solander) K.R. Hind & G.W. Saun-
ders, 2013 (formerly known as Corallina elongata). This coralline
alga covers the mesolittoral rocks creating a few centimetres
thick layer where sediment is retained producing a compact mat,
which provides a humid environment for the fauna. Other algae
that were found in a much lower percentage are Chondracanthus
acicularis (Roth) Fredericq in Hommersand, Guiry, Fredericq &
Leister 1993 and Jania rubens (Linnaeus) J.V. Lamouroux 1812.

The photophilous algal assemblage in the infralittoral was
dominated by the brown alga Halopteris scoparia (Linnaeus)
Sauvageau, 1904, which is one of the most abundant and common
algae species in southern Spain, but the calcareous red algae Jania
rubens (Linnaeus) J.V. Lamouroux, 1816 and Ellisolandia elongata
were also present.

3.2. Characterization of the taxocenosis of molluscs

A total of 2520 individuals belonging to 46 species of the
phylum Mollusca were collected in the mesolittoral samples. Of
these, 34 species (2260 individuals) were Gastropoda, 11 species
(258 individuals) were Bivalvia class and 1 species (2 individuals)
was Polyplacophora. The winter samples of Urra et al. (2013) used
for comparison to the infralittoral contained 4084 specimens be-
longing to 66 species of Mollusca of which 44 (3524 individuals)
were Gastropoda, 20 species (456 individuals) were Bivalvia and
2 species (8 individuals) were Polyplacophora (see Table 1).

The most dominant species in the mesolittoral algal turf were:
Pisinna glabrata (27.02%), Skeneopsis planorbis (17.08%), Nodulus
spiralis (15.89%), Tricolia miniata (14.22%), Rissoa similis (5.55%),
Cardita calyculata (4.99%) and Bittium reticulatum (2.02%) (Fig. 2).
On the other hand, the species with 100% frequency were Bittium
reticulatum, Gibberula miliaria, Haminoea sp., Musculus costulatus,
Mytilaster minimus, Nodulus contortus, Nodulus spiralis, Pisinna
labrata, Rissoa similis, Skeneopsis planorbis and Tricolia miniata.
The values of Shannon-Wiener diversity index (H′) in mesolit-

oral samples ranged between 2.5 and 3.5 among the replicates
nd the pooled samples. The evenness index (J) values ranged
etween 0.54 and 0.72 among replicates and the pooled samples
Table 2).

In the winter samples of Urra et al. (2013), the dominant
pecies were: Rissoa guerinii (27.51%), Bittium reticulatum (14.14%)
issoa similis (12.47%), Musculus costulatus (8.91%), Nodulus con-
ortus (5.01%) and Tricolia pullus (3.90%) (Fig. 2). The most
requent species (% F = 100) were: Rissoa guerinii, Bittium retic-
latum, Musculus costulatus, Tricolia pullus, Pusillina philippi, Gib-
erula philippii, Gibberula miliaria, Tritia incrassata and Chauvetia

mamillata.
The species richness (Table 2) in the infralittoral was higher

than in the mesolittoral level. However, the diversity and even-
ness indices are rather similar in both zones, with slightly higher
values in the infralittoral taxocenosis.

3.3. Differences between the mesolittoral and infralittoral molluscan
taxocenosis

The analysis of affinity shows that mesolittoral samples (IM)
form a group completely separated from the aggregation of in-
fralittoral samples (IF) (Fig. 3) with a similarity of only 27%
between the two clusters. The ANOSIM test yields the maxi-
mum possible value: RANOSIM = 1; p < 0.05, indicating a highly
significant grouping.
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Fig. 2. Dominant species of molluscs in the mesolittoral algal turf of SAC Calahonda (A-D), and vicariant species in the infralittoral level (E-F). A: Pisinna glabrata
1.2 mm); B: Skeneopsis planorbis (1.2 mm); C: Tricolia miniata (3.2 mm); D: Nodulus spiralis (1.25 mm); E: Tricolia pullus (5.9 mm); F: Nodulus contortus (1.2 mm).
The SIMPER analysis recognized the above mentioned domi-
nant and constant species as mostly responsible for the within-
group similarity and indicated as most contributing to dissimi-
larity the following: Tricolia miniata (5.21%), Skeneopsis planorbis
(4.80%), Pisinna glabrata (4.42%), Nodulus spiralis (4.39%), occur-
ring only in the mesolittoral; and Rissoa guerinii (4.72%) and
Tricolia pullus (2.84%), both restricted to the infralittoral.

4. Discussion

Ellisolandia elongata (known until 2013 as Corallina elongata)
is a calcareous alga that is usually found in areas of strong wave
action, forming a turf on rocky substrata of the mesolittoral
and shallow infralittoral (Ballesteros, 1982). The first studies on
the fauna associated with the algal turf in which Corallina spp.
dominated were carried out in the Azores by Chapman (1955),
where a great abundance of small molluscs was recorded. These
were followed by others such as those by Azevedo and Manuel
(1992) and Ávila et al. (2005), in which this algal turf is presented
as a place where small animals find excellent protection against
wave action, high temperatures and desiccation. This is why we
found the greatest abundance and the greatest number of species
in the smallest fractions (0.5–1 mm).

In the study carried out by Urra et al. (2013) in the infralit-
toral level of Calahonda, E. elongata was described as abundant,
but well behind Halopteris scoparia (Linnaeus) Sauvageau. In
the mesolittoral, E. elongata occupies the main role as habitat-
structuring species in the absence of the latter. The dominance
4

of this alga in the most exposed areas is even more because it
is able to resist the waves thanks to its calcareous nature (Sierra
and Fernández, 1984).

The gastropod Pisinna glabrata has been the most dominant
species in our study. This species was also the most abundant
in a study on the fauna associated with E. elongata that was
carried out in the mesolittoral of the Azores islands (Ávila et al.,
2005), where together with Skeneopsis planorbis (the second dom-
inant species in our sampling) and Lasaea adansoni, character-
ized the malacological associations of algae. However, in that
study, only 19 species of molluscs were found, far fewer than
those found here. This could be due, apart from differences in
sampling techniques, to the geographical location of our sam-
pling area at a point of confluence of Mediterranean and Atlantic
fauna (Gofas et al., 2011) where the oceanographic characteristics
(Sarhan et al., 2000; García-Raso et al., 2010) could favour the
development of an outstanding biodiversity (Urra et al., 2013).

Juveniles of Cardita calyculata, a bivalve that lives in the fis-
sures of the rocks of this same level, were abundant in the
mesolittoral. The juveniles of this brooding species could take
advantage of the protection of this microhabitat that is used
by this species as a ‘‘nursery’’. These phenomena have already
been described for other species such as, for example, the mussel
Mytilus galloprovincialis, which establishes its recruiting place in
infralittoral algae, being the intertidal rocks its final place of
residence (Urra et al., 2013).

Comparing the species richness of the Calahonda mesolittoral
(45 species) with that obtained for the infralittoral (66 species),
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Table 1
List of the molluscan species found in both mesolittoral and infralittoral samples at the SAC Calahonda. IF1 to IF5,
number of specimens in each of the winter replicas of infralittoral samples from Urra et al. (2013); IM1 to IM4,
number of specimens in each replica of mesolittoral samples from this study. Dominance (% D) and Frequency (%
F) were calculated from these numbers. Species present across the two levels are highlighted in grey.

(continued on next page)
he latter is higher. This could be due to the mesolittoral stress it-
elf, whereas the infralittoral provides a more stable environment
nd the algal fronds are more developed. Conversely, the density
f molluscs in the mesolittoral (2520 individuals in 0.25 m2

= 10
080 ind./m2) triplicates that of the infralittoral (4048 individuals
in 1.25 m2

= 3267 ind./m2). This may be explained because
the species which most contribute to the abundance numbers
in the mesolittoral (Pisinna glabrata, Nodulus spiralis, Skeneopsis
planorbis) are microgastropods which can fit into the densely
packed algal turf, whereas in the infralittoral the most dominant
species (Rissoa guerinii, Bittium reticulatum, Musculus costulatus)
are larger.

Some of the species are exclusively found in the mesolittoral
level and others in the infralittoral, therefore they define a verti-
cal zonation. In the first place, the species Pisinna glabrata and
Skeneopsis planorbis are the dominant ones in the mesolittoral
and, nevertheless, they did not appear at all in the infralittoral
or did so with very reduced numbers. Similarly, Rissoa guerinii,
5

which is a highly dominant species in the infralittoral, has not
been collected in the mesolittoral whereas another species of
the same genus, Rissoa similis, does have a good representation
at both levels. Second, there is a striking pattern of mutual re-
placement among species of the genera Tricolia and Nodulus. In
the mesolittoral we find Tricolia miniata and Nodulus spiralis,
while in the infralittoral they are replaced by Tricolia pullus and
Nodulus contortus (Fig. 2), all of them dominant in their respective
levels. Most of these species have a broad Atlanto-Mediterranean
distribution.

Even if the two sampling events took place at different times,
we did not notice any major perturbation in the study area and,
as noted above, interannual variations are not likely to change
drastically species composition and richness.

The replacement of invertebrate species along a shore zona-
tion has been observed repeatedly in molluscs (e.g. Della Santina
et al., 1993; Stenseng et al., 2005) and other groups (e.g. Jansen,
1971; Grosberg, 1982; Jensen and Armstrong, 1991). Competition
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Table 1 (continued).
Table 2
Ecological indices and total abundance for molluscs in winter mesolittoral samples (IM1 to IM4) and winter infralittoral samples
(IF1 to IF5; data from Urra et al. (2013)) from the SAC Calahonda.
Index IM1 IM2 IM3 IM4 Pooled IF1 IF2 IF3 IF4 IF5 Pooled

Species richness (S) 30 23 35 20 45 33 35 29 20 23 66
Abundance (N) 1271 505 581 163 2520 1380 1056 668 468 512 4084
Shannon-Wiener index (H′ log 2) 2.66 3.24 3.54 2.71 3.33 3.48 3.67 3.57 3.25 2.92 3.38
Evenness (J) 0.54 0.72 0.68 0.63 0.60 0.69 0.72 0.73 0.75 0.65 0.70
for space and resources or different cues for larval settlement are
generally invoked as possible causes for non-overlapping vertical
distributions. Different physiological capabilities have also been
reported among mutually exclusive species (Jansen, 1971; Jensen
and Armstrong, 1991; Stenseng et al., 2005) but it is not always
clear if those are adaptations which were selected after the strat-
ification became established, or if they are the original cause
for the non-overlapping ranges. Escape from selective predators
(e.g. crabs) could make sense for Tricolia miniata which has a
mall and relatively fragile shell, whereas T. pullus is larger and
ore sturdy, but not in the case of Nodulus spp. which have an
ssentially similar build of their shell. In any case, this occurrence
t non-overlapping levels can be seen as a case of character
6

displacement triggered by the sympatric occurrence of species
with similar ecological function and trophic requirements.

Regarding the other fauna associate to the algal turf of the
mesolittoral, it is interesting to point out the high number of
cumaceans present in the samples (more than 1500 ind./m2).
Other studies of peracarids associated with E. elongata were car-
ried out in the Strait of Gibraltar, where no cumaceans were
recorded (Guerra-García et al., 2009), and along the entire Iberian
Peninsula, where only 1 species with very low abundance (<10
ind.) was obtained (Izquierdo and Guerra-García, 2011).

From a conservation and management point of view, our study
demonstrates the existence of small-scale spatial heterogeneity

and the need for a detailed assessment of different microhabitats
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Fig. 3. Dendrogram (or Cluster) (A) and MDS ordering (B) showing the affinity degree between the samples of the mesolittoral (blue triangles) and the infralittoral
green triangles). The stress index of 0.01 represented on the MDS graph indicates a high level of significance. (For interpretation of the references to colour in this
igure legend, the reader is referred to the web version of this article.)
n order to assess properly the biodiversity of a marine (pro-
ected or not) area. Recent studies also pose the question of how
limate change could affect the habitat-forming coralline algae
nd their associated fauna (Marchini et al., 2019; Rindi et al.,
019; Ragazzola et al., 2021; Peña et al., 2021; Kelaher et al.,
022). Marchini et al. (2019) conclude that ‘‘species-rich Mediter-
anean assemblages associated to Ellisolandia elongata should be
onsidered at risk’’ due to acidification of the oceans and high-
emperatures, which would reduce coralline algal growth and,
herefore, complexity and diversity of faunal assemblages. In the
ase of molluscs, they would be double affected, directly in shell
ormation and by loss of their habitat (Kelaher et al., 2022).

In the western Mediterranean there is a further risk where
rapid invasion of the asiatic alga Rugulopteryx okamurae is

taking place, colonizing a huge variety of marine habitats (García-
Gómez et al., 2020; Estévez et al., 2022) but apparently failing to
invade the mesolittoral zone. Therefore, such readily accessible
communities are also highly recommendable as sentinel habitats
for the monitoring of forthcoming changes.

5. Conclusion

Our study demonstrates a sharp faunal turnover between the
apparently similar algal turfs of the meso- and infralittoral levels,
and the uniqueness of the mesolittoral algal turf among the many
habitats present in Calahonda, which have already promoted their
protection and recognition as Special Area of Conservation.

In the context of climate change and R. okamurae invasion,
an accurate knowledge of pristine molluscan communities could
provide valuable information in futures impacts evaluations.
7
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