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Abstract

The goal of this investigation was to assess the role of a number of environmental variables on the traits of a peracarid
population inhabiting turfs of Ellisolandia elongata in a Mediterranean disturbed location. Samples were collected from a
vertical and a horizontal surface to assess the role of orientation, and several structural traits of the turf (number of fronds,
their height and width, available phytal area for colonization, and dry weight) were measured. The samples were character-
ized by their species composition, relative abundance of constant species, total abundance of individuals, and a-diversity
(species richness, Shannon index and Pielou’s evenness). Generalized linear models were used to relate environmental
variables with ecological descriptors, whereas a cluster plot and a principal correspondence analysis, both based on the
Bray-Curtis coefficient, were conducted to detect the presence of distinct assemblages. Results showed orientation to be a
key factor governing the assemblages, since samples from vertical and horizontal surfaces formed definite groups based
on Bray-Curtis similarities. Moreover, GLMs pointed out that orientation influenced relative abundance of the majority of
constant species, as well as species richness and Shannon index. Phytal height had a positive effect on the relative abun-
dances of Hexapleomera bultidactyla, Coxischyrocerus inexpectatus and Hyale stebbingi, and a negative one on Shannon
index and evenness, whereas available phytal area influenced positively evenness and negatively the relative abundance
of Elasmopus pocillimanus. Thus, it can be inferred that although species composition depended on surface orientation,
the spatial structure of the turf was the main driver for assemblage complexity.

Keywords Zoobenthos - Crustacea - Littoral - Mediterranean - South-eastern Spain

Introduction

Human altered shorelines are widespread all over the world
(Bacchiocchi and Airoldi 2003; Airoldi and Bulleri 2011),
and the impacted area is expected to increase considerably
in response to human population growth and events related
to climate change, such as sea-level rise (Bulleri and Chap-
man 2010), as well as due to tourism occupation (Gdssling
et al. 2018). Because of this, artificial infrastructures occupy
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nearly half of the shorelines in Mediterranean European
countries (Airoldi and Bulleri 2011). The replacement of
natural surfaces by man-made or human altered ones modify
the ecological roles and relationships among species (Busta-
mante et al. 2014) and fragment or even eliminate natural
habitats (Bacchiocchi and Airoldi 2003). The understanding
of the drivers regulating function of the resulting new com-
munities is thus of a major interest.

Founder communities of organisms colonize recently
altered hard bottoms, and some authors suggested that
they might reach a structure similar to that of natural hard-
bottom habitats over time (Pister 2009). However, other
investigations demonstrated permanent physical features
of artificial structures, such as orientation or complexity, to
play a more important role than age (Perkol-Finkel et al.
2006). Although similarities between communities inhab-
iting artificial and natural structures might be observed,
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several detailed surveys pointed out that they harboured less
species (see Bulleri and Chapman 2010). In some cases,
effects were less evident and the occurring species presented
altered population structure and lower reproductive success
(Moreira et al. 2006) or reduced genetic diversity (Fauvelot
et al. 2012). The low biodiversity seems related to the lack
of a number of key microhabitats on the nearly homogenous
artificial surfaces (Firth et al. 2014), but the real extent of
the rest of changes in shore communities and the drivers
of the alterations are not yet fully understood (Aguilera et
al. 2014). In urban environments, seawalls are a most com-
mon type of coastal human-made hard structure. Seawalls
are vertical or very steep, contrasting the commonly gen-
tly sloping natural rocky shores. Orientation is a paramount
factor for the structure of littoral communities in temperate
zones, where the high levels of Sun exposure on horizontal
substrata allow an array of macrophytes to thrive, whereas
epibenthic suspension feeders tend to dominate shadowed
vertical surfaces (Pacheco et al. 2010). Given the same tidal
range, a steeper slope greatly reduces the available littoral
area for individuals to settle and thus modifies species-area
relationships (Knott et al. 2004). In urbanised areas, even
natural littoral substrates are not free of anthropogenic dis-
turbances, as trampling or recreational exploitation can be
major drivers of benthic littoral communities, irrespective
of the artificial or natural origin of the surface (Airoldi et
al. 2016). Thus, the detailed knowledge of littoral ecosys-
tems under human pressure and their drivers becomes of
the greatest importance in order to implement management
procedures.

Photophilic algae provide and array of micro- and macro-
habitats and allow the presence of rich epibiont communi-
ties in most temperate rocky littoral habitats (Urra et al.
2013). In case of moderate human disturbance, the large
algae forming the canopy of the phytal assemblages in
temperate regions tend to disappear, while the small spe-
cies of the understory remain and constitute characteristic
turfs (Mangialajo et al. 2007; Bonifazi et al. 2017). These
turfs usually consist of a dense net of thalli belonging to one
or more species of Corallinales, Ceramiales and other fila-
mentous algae (Connell et al. 2014). Usually, a diverse and
populous community of small vagile invertebrates thrives
within the turfs (Izquierdo and Guerra-Garcia 2011; Berto-
lini 2019), so they are a suitable ground for research on the
biological processes that control macrofaunal populations
(Guerra-Garcia et al. 2012). The importance of the spatial
structure of the phytal substratum as a driver of the organi-
zation of the communities is twofold. Evidently, the quality
of refuge provided from wave action, desiccation and pred-
ators relies heavily on frond height and density but other
more subtle drivers, such as the available area for epiphytic
algae to grow and feed herbivorous invertebrates, depend
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on spatial structure (Berthelsen et al. 2015). Taking this into
account, the integrity of algal coverage becomes a key fac-
tor in the maintenance of benthic communities suffering
human impact.

Most peracarids are infaunal or epifaunal bottom-dwell-
ing animals with a wide variety of feeding habits (Guerra-
Garcia et al. 2014; De la Ossa-Carretero et al. 2016). They
are ecologically and trophically important (Carvalho et al.
2018), show narrow ecological ranges (De la Ossa-Carret-
ero et al. 2012) and have relatively poor dispersion abilities
(Kelly et al. 2006). Although most species are sensitive to
pollutants, other are able to accumulate toxic substances ant
to tolerate ample fluctuations in physico-chemical parame-
ters of water and sediment. For these reasons, they are often
studied as indicators of environmental disturbance (Dauvin
and Ruellet 2007; Guerra-Garcia et al. 2009).

The goal of this investigation was to assess the role
of a number of environmental variables on abundance of
individuals and species composition of a low-shore pera-
carid population on a Mediterranean disturbed location.
To achieve it, samples were collected from a vertical and
a horizontal surface in order to assess the role of orienta-
tion, and several structural traits of the phytal component of
each sample were measured, aiming to detect other potential
sources of variation.

Materials and methods
Study area

The study area is a located within the urban area of Vil-
laricos, a village belonging to the municipality of Cuevas
de Almanzora (Almeria) in south-eastern Spain (Fig. 1).
The coast in this region has suffered little urban transfor-
mation and consists of a series of gently stepping rocky
areas alternating with little sandy beaches. The studied cove
(34°14°53.67”N, 1°46’11.33”W) is limited in its northern
side by a group of flat outcrops of schist rock that are close
to the beach. In the southern side, a wharf was built of con-
glomerate rock extracted from nearby quarries, so chemical
composition of both hard surfaces is equivalent. Due to old
age, many blocks of stone fall along time, giving the wall
a spatial heterogeneity similar to that of the natural shore,
as in other localities (Moschella et al. 2005). The sea wall
faces the northeast, whereas the horizontal surface faces
the southeast. The SIMAR buoy net provides data on wind,
sea level and wave parameters from 1958 to present time
(de Swart et al. 2020). Attending to data measured by wave
buoy SIMAR 2,063,087 moored just off Villaricos harbour,
prevailing winds blew from NE and to a slightly lesser
extent from SW, so the sea wall was more exposed to wave
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Fig. 1 Map of south-eastern Spain showing the geographical location of the collection sites of this study; aerial photograph by PNOA ceded ©

Instituto Geografico Nacional, Spain

action than the horizontal surface. Dense turfs of Ellisolan-
dia elongata (J. Ellis and Solander) K. R. Hind and G. W.
Saunders, 2103 lay on both types of surface.

Sampling methods

Sampling was conducted in August 2015, coinciding with
highest phytal development and faunal population densities
in the western Mediterranean (Urra et al. 2013) and aiming
to minimize the influence of seasonal trends (Bueno et al.
2016). Ten samples were collected by scraping off a 100
cm? square area of rocky bottom immediately below water
surface; similarly sized sample areas has proved to be rep-
resentative for studies on peracarid populations from other
locations (Bueno et al. 2016). In order to evaluate the role
of orientation on peracarid population, half of the samples
(site 1: samples Vill-1 to Vill-5) were collected from the sea
wall located on the southern side of the cove and the rest

(site 2: samples Vill-6 to Vill-10) from the flat rocky surface
on the northern side; samples were haphazardly selected
within each type of surface. The scraped material was pre-
served in 70% ethanol and stored in hermetic plastic bags.
This material was examined under a dissecting microscope
in the laboratory.

The structural traits of the turf were characterized for
each sample though a number of parameters. In each sam-
ple, the fronds were counted (NF) and fifty were randomly
selected. For each frond, length from the holdfast to the dis-
tal end and maximum width were estimated in mm. Assum-
ing that fronds were approximately triangular, the area of
each selected one was calculate in mm? using the formula
area = (heigth x width)/2. For every sample, mean values
for the three parameters were computed; the first two were
used to characterize the turf (He and Wi, respectively). By
multiplying the number of fronds by the mean area, the total
available phytal area (APA) in the sample was obtained and
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expressed in cm?. Subsequently, dry weight (DW) in g was
measured after drying for 48 h at 84 °C (Urra et al. 2013).

All the collected peracarids were identified to species
level and counted in order to create a species/abundance
matrix (abundance expressed as number of individuals per
100 g of algae).

Data analyses

A number statistical analyses were conducted to evaluate the
role of orientation and the structural traits of the turf in the
peracarid community. Based on species/abundance matrix,
each sample was also characterized by the total abundance
of peracarids and by its a-diversity, computing the species
richness and Shannon and Pielou’s evenness indexes. The
software used to compute ecological indexes was PAST 4
(Hammer et al. 2001). Relative abundance (ratio species
abundance/total peracarid abundance) was calculated for all
the species in each sample and its value for the constant
species —those present in all the samples— was treated as
ecological descriptors of the former.

In order to evaluate the environmental drivers influencing
the peracarid community, the descriptors of the phytal turf
were evaluated as predictor continuous variables, whereas
orientation was a categorical predictor (vertical vs. hori-
zontal). The normality of residuals was checked for each
descriptor of the phytal turf by means of a Shapiro-Wilks
W test and variables were log (x+ 1) transformed where
appropriated. When normality criterion was achieved, con-
tinuous predictor variables were standardized to zero mean
and divided by their standard deviation (z-scored) to allow a
comparison of the estimators within the analysis (Greenacre
and Primicerio 2013). Collinearity among standardized val-
ues of descriptors of the phytal turf (Pearson |r| > 0.6) was
checked and variables were excluded where appropriate.
The relationship between descriptors of the phytal turf and
orientation was assessed by comparing mean values of the
former between orientation categories. Significant differ-
ences were determined through a one-way ANOVA test, set-
ting significance value at p <0.05, when both normality and
homoscedasticity criteria were achieved; otherwise, a non-
parametric Kruskal-Wallis test for equal medians between
orientation categories was performed on untransformed data
(significance value set at p <0.05). Descriptors of the phytal
turf that showed significant differences between categories
were considered correlated to orientation and excluded from
further analyses. The ecological descriptors —a-diversity
indexes and relative abundance of constant species— were
considered response values and treated in the same way as
predictors variables in terms of normality and standardiza-
tion. To relate predictor with response variables, Generalized
Linear Model (GLM) with normal distribution and identity
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link analyses were conducted. Validation of the models was
done using Shapiro-Wilks W test to check the normality of
residuals for each model. Results were considered signifi-
cant at p<0.05. SPSS 23.0 for Windows (SPSSInc, Chi-
cago, IL, USA) was employed to perform GLMs.

Aiming to detect the presence of different assemblages
in the location, the values of the Bray-Curtiss coefficient as
measure of the similarity between samples were calculated
from the abundance matrix after all data were log (x+1)
transformed to avoid excessive influence of most abun-
dant species (Clarke and Warwick 2001). The results of the
obtained similarity matrix were represented in an UPGMA
cluster plot and a principal correspondence analysis (PCoA).
In case that more than one assemblage were detected in both
analyses, a one-way PERMANOVA test was run in Bray-
Curtis similarity matrix to test significance of the detected
differences in the composition of assemblages. For this
analysis, p-values were obtained from 9999 permutations of
residuals under a reduced model and significance was set
at p<0.05. These statistical analyses were made using the
software package PAST 4 (Hammer et al. 2001). To identify
the taxa responsible for differences between assemblages,
SIMPER analyses based on the same distance matrix was
conducted through PRIMER 6 (Clarke and Warwick 2001).

Results

The structural features of Ellisolandia elongata turfs from
each sample are given in Table 1. The number of fronds
ranged from 1583 in sample Vill-2 to 262 in Vill-6 (mean
number 716.40, standard deviation 341.80), height ranged
from 26.34 mm in Vill-6 to 20.80 mm in Vill-2 (23.35 + 1.72),
width ranged from 19.80 mm in Vill-6 to 10.30 mm in Vill-2
(14.79+£3.07), available phytal area ranged from 1864.86
cm? in Vill-9 to 703.81 cm? in Vill-6 (1200. 96 +385.69),
and dry weight ranged from 38.29 g in Vill-2 to 23.22 g in
Vill-10 (29.88 £4.79).

A total of 3451 specimens of peracarids, belonging to 18
species were collected (Table 1). Six species were collected
from all the samples, namely the tanaidacean Hexapleo-
mera bultidactyla (represented by 1115 specimens, mean
abundance 426.94+7.02 ind./100 g of algae), the amphi-
pods Jassa marmorata (676 specimens, mean abundance
220.07 +£169.57), Elasmopus pocillimanus (524 specimens,
mean abundance 196.54% + 219.23), Hyale stebbingi (185
specimens, mean abundance 65.49+81.43), and Coxis-
chyrocerus inexpectatus (37 specimens, mean abundance
12.84+6.84), and the isopod Ischyromene lacazei (300
specimens, mean abundance 95.88+63.98). Although
absent from some samples, the isopod Joeropsis brevicor-
nis (158 specimens, mean abundance 59.71 £ 66.72) and the
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Table 2 Results from the GLMs testing the effects of orientation and
the structural features of the phytal substratum on relative abundance
of constant species

Model Transf Predictor f + Standard Wald
Variable Error
C. inexpectatus None (Intercept) 0.297+0.299 0.980 "*.
Orientation —0.582+0.437 1.773 "%
He 0.532+0.218 5.962 *
APA 0.369 +0.232  2.520 ™.
E. pocillimanus None (Intercept) —0.831+0.121 47.445 **
Orientation 1.661+£0.176 89.956 **
He -0.131+£0.878 2.208 ™.
APA -0.188+0.094 4.012 *
H. bultidactyla None (Intercept) -0.845+0.150 31.729 **
Orientation 1.691+0.219 59.682 **
He 0.340+£0.109 9.726 **
APA 0.046+0.116 0.157 ™5,
H. stebbingi Log  (Intercept) —0.326+0.287 1.283 "5,
x+1)
Orientation 0.648+0.420 2.381 "5,
He -0.554+£0.209 7.017 **
APA -0.312£0.173 1.956 ",
I lacazei None (Intercept) 0.471+£0.305 2.386"*.
Orientation —0.943+0.445 4.493 *
He -0.327+0.222 2.169 "*.
APA 0.240+£0.237 1.026 "*.
J. marmorata  Log  (Intercept) 0.942+0.095 98.247 **
x+1)
Orientation —1.887+0.139 185.063 **
He —-0.094£0.069 1.849 ",
APA 0.060+0.074 0.667 "*.

APA available phytal area, He height of the turf, Transf transfor-
mation before GLM analysis, n.s. not significant, (*) p<0.05, (*¥%)
p<0.01

amphipods Ampithoe riedli (157 specimens, mean abun-
dance 59.94+71.81) and Stenothoe tergestina (152 speci-
mens, mean abundance 46.82+43.99) also achieved large
abundances.

The ecological indexes obtained are also presented in
Table 1. Sample Vill- 10 harboured the highest abundance
(3385 ind./100 g of algae) and Vill-2 the lowest (566.73),
mean value for abundance was 1239.00 and standard
deviation was 830.51. Species richness ranged from 14 in
sample Vill-7 to 9 in Vill-2 (11.30+1.57), Shannon index
ranged from 1.90 in Vill-7 to 1.36 in Vill-5 (1.62+0.18),
and evenness ranged from 0.79 in Vill-8 to 0.54 in Vill-6
(0.68 +£0.09).

Shapiro-Wilks test confirmed that all the variables regard-
ing phytal structure followed a normal distribution except
number of fronds, which was log (x+ 1) transformed. Pear-
son test showed number of fronds to be collinear with the
rest of variables describing turf spatial structure, so it was
not considered for the analyses. In turn, width and height
were collinear and the former was excluded from analyses.

@ Springer

Table 3 Results from the GLMs testing the effects of orientation and
the structural features of the phytal substratum on a-diversity indexes

Model Transf Predictor f + Standard Wald
Variable Error
Species None  (Intercept) -0.443+0.289 2.343 "5,
richness
Orientation 0.886+0.422 4.408 *
He 0.202+0.210  0.920 "*.
APA -0.392+0.224 3.043 "5,
Shannon None  (Intercept) -0.421+£0.275 2.334 "5,
index
Orientation 0.892+0.402 4.925*
He -0.596+0.201 8.830 **
APA 0.285+0.214 1.775"™%.
Evenness  None  (Intercept) -0.250+0.242 1.068 "*.
Orientation 0.431+£0.353 1.489 ™.
He -0.632+0.176  12.873 **
APA 0.383+0.1223 4.149 *

APA available phytal area, He height of the turf, Transf transfor-
mation before GLM analysis, n.s. not significant, (*) p<0.05, (*%
p<0.01

None of the one-way ANOVA tests between orientation cat-
egories met the homoscedasticity assumption for the rest of
descriptors of the phytal turf, so relationship was checked
through non-parametric Kruskal-Wallis test. Dry weight
showed significant differences between the samples col-
lected from site 1 and those from site 2, indicating a direct
relationship with orientation and, consequently it was also
excluded from the analyses.

The three o-diversity indexes, as well as the relative
abundance of C. inexpectatus, E. pocillimanus, H. bultidac-
tyla and I. lacazei, followed a normal distribution; the rela-
tive abundance of H. stebbingi and of J. marmorata did so
after the values were log (x+ 1) transformed. Distribution
of residuals validated all the GLMs except for abundance.
Results for the constant species (Table 2) showed that ori-
entation was a main influencing factor for all the constant
species except for H. stebbingi and C. inexpectatus. Jassa
marmorata was clearly more abundant on site 1 (vertical
surface), whereas E. pocillimanus and H. bultidactyla were
more abundant on site 2 (horizontal one); /. lacazei was gen-
erally more abundant on site 1 but trend was not as clear
as in the other species (Table 1). Turf height was a posi-
tive factor for relative abundance of C. inexpectatus and H.
bultidactyla, and a negative one in the case of H. stebbingi,
whereas available phytal area influenced negatively the rel-
ative abundance of E. pocillimanus. On the other hand, the
relative abundance of /. lacazei showed no relationship with
any of the phytal structure aspects. Regarding ecological
indexes (Table 3), orientation influenced species richness
and Shannon index, but not evenness. Structure of the turf
did not condition species richness but had an effect on Shan-
non index, which was negatively influenced by turf height,
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Fig. 2 Cluster analysis results using Bray-Curtis similarities based on species composition for peracarid assemblages across sampling stations

and on evenness, negatively influenced by height and posi-
tively by available phytal area.

Based on their specific composition, the samples formed
two groups located separately in the cluster dendrogram
(Fig. 2) and showing about 80% of internal similarity. The
groups consisted of the samples collected from vertical
and horizontal surfaces, respectively. In PCoA ordination
plot (Fig. 3), samples from vertical and horizontal surfaces
separated along first axis, being the group of samples from
vertical surface more cohesive. These results indicate the
existence of two different assemblages depending on ori-
entation. Attending the one-way PERMANOVA analysis,
the difference between the two groups of peracarid samples
was significant (Pseudo-F=13.47; p=0.008). Nine species
contributed with more than 5% to the overall dissimilar-
ity between assemblages according the SIMPER analysis
(Table 4). Of these, S. tergestina and J. marmorata were
more abundant on the vertical surface, whereas the rest did
so on the horizontal one and 7. dulongii was only present in
the latter type of surface.

Discussion

The set of most abundant species in the peracarid commu-
nity herein described are common ones in turfs of Elliso-
landia elongata on natural surfaces from the Mediterranean

coast of the Iberian Peninsula and close regions. Large
abundances of the amphipods Jassa marmorata, Stenothoe
tergestina, Hyale stebbingi and of the isopod Ischyromene
lacazei have been previously recorded in the region (Con-
radi and Lopez-Gonzalez 2001; Izquierdo and Guerra
Garcia 2011; Guerra-Garcia et al. 2012). In these studies,
Ampithoe riedli, Coxischyrocerus inexpectatus and Joero-
pis brevicornis were also reported to occasionally achieve
large population densities. However, some species reported
as dominant in these works, such as Elasmopus vachoni
Mateus & Mateus, 1966, Stenothoe monoculoides (Mon-
tagu, 1813) or Jassa cadetta Karpp, Rampin & Libertini,
2008 were not found in the presently studied location. In
turn, Elasmopus pocillimanus was reported as dominant
in coralline turfs in central Mediterranean (Marchini et al.
2019) and the tanaidacean Hexapleomera bultidactyla has
been reported to achieve very high population densities in
red algae turfs (Esquete and Fernandez-Gonzalez 2016).
The GLMs pointed out that orientation was a main driver
determining the assessed ecological descriptors, since all of
them but evenness and relative abundance of H. stebbingi
and of C. inexpectatus were influenced. Moreover, results
of Bray-Curtis analysis showed that samples collected from
vertical and horizontal surfaces significantly differed in
terms of species composition. On the other hand, the values
of the measured diversity indexes did not always depend
on orientation, and Shannon and evenness indexes —which
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Table 4 Results of SIMPER analysis based on Bray-Curtis coefficient
showing species contributing more than 5% to dissimilarity between
artificial vertical and natural horizontal surfaces

Mean Mean AvDissim  Diss/SD  Contr
Vert  Horiz
S. tergestina 194 072 348 291 10.41%
J. brevicornis 0.81 2.00 3.39 2.64 10.12%
H. perieri 0.31 1.40 3.35 1.81 10.02%
H. bultidactyla * 176  2.81 297 2.68 8.87%
A. riedli 094 190 272 1.63 8.14%
T dulongii 0.00 093 253 1.14 7.57%
E. pocillima- 1.65 248 232 3.19 6.92%
nus *
J. marmorata ¥ 2.55 1.77 224 2.12 6.70%
H. stebbingi * 1.16 190 2.15 1.60 6.42%

AvDissim average dissimilarity, Contr contribution of the species to
dissimilarity, Diss/SD dissimilarity divided by standard deviation,
Mean Vert mean log (x + 1) transformed abundance of the species on
vertical substratum, Mean Horiz mean log (x + 1) transformed abun-
dance of the species on horizontal substratum, (*) constant species

describe better than species richness the community com-
plexity— showed an inversely proportional relationship with
the height of the algae forming the turfs.

Once the chemical nature of the rocky substratum and
spatial heterogeneity were discarded, the causes of the dif-
ferences between the studied vertical and horizontal hard
bottoms are difficult to define, but different studies sug-
gested changes in wave and/or solar exposure as main driv-
ers. Previous research showed the importance of water-flow
due to wave action above other factors as driver, not only
for littoral communities on the whole (Jensen and Denny
2016; Burel et al. 2019), but also specifically for the pere-
carid assemblages (Bueno et al. 2016). Drag forces caused
by wave action tend to condition the communities dwelling
on vertical and on horizontal substrata in a different way,
since in the latter wave energy experiences important dis-
sipation (Marshall and Stephenson 2011) and sedimentation
rates are usually higher (Balata et al. 2007). Additionally,
the surveyed vertical surface was more exposed to prevail-
ing winds and waves in the region than the horizontal sur-
face. Since strong water flows caused by waves have been
proposed to select those species able to reduce the risk of
displacement by firmly attaching to algae (Berthelsen et al.
2015), dominance of species adapted to stronger hydrody-
namics might be expected on the studied vertical surface if
wave exposition was the main driver. Nevertheless, previous
investigations suggested strong preference for more pro-
tected habitats for J. marmorata (Karez and Ludynia 2003),
which dominated the sampled vertical surface. Moreover,
Esquete and Fernandez-Gonzalez (2016) reported very high
abundances of H. bultidactyla, dominant on the studied hor-
izontal surface in site 2, in exposed environments such as
the fouling communities of open sea aquaculture facilities.

Thus, drag forces or wave exposure seem to have a lesser
effect on driving the peracarid assemblages in the studied
location.

The effect of Sun radiation exposure is important in the
altitudinal distribution of littoral organisms (Prusina et al.
2014). Vertical habitats are usually shaded and solar radi-
ation is less intense than on horizontal ones (Knott et al.
2004; Firth et al. 2014), reducing physical stress for inter-
tidal invertebrates. This is important in the Mediterranean
littoral, where thermal stress can be frequent (Sara et al.
2014; Seabra et al. 2011) reported that organisms inhabiting
horizontal Sun-exposed surfaces along Iberian coast often
suffered clearly higher temperatures than those dwelling on
shaded surfaces. Thus, it can be suspected that differences
in Sun exposure might explain the differences between the
peracarid assemblages. Marchini et al. (2019) detected that
E. pocillimanus, which clearly dominated the horizontal
surface in the surveyed area, showed a clear preference for
warmer conditions while J. marmorata poorly tolerated
high temperatures. Based on these cues, amelioration of
temperature and desiccation by orientation related shadow-
ing seems a likely cause of the observed dissimilarities in
the studied peracarid assemblages.

The inversely proportional relationship between turf
height and the peracarid assemblage complexity, indicated
by values of evenness and Shannon index, might seem
strange as the habitat complexity concomitant with the
larger fronds of canopy forming algae has long been known
and associated with high a-diversity values (Stelling-Wood
etal. 2019). However, previous studies showed that the situ-
ation tends to be the opposite in coralline turfs even under
natural condition, and animal abundance and diversity were
larger when fronds were shorter (Kelaher 2003). The cause
is obscure, but might relate to the interaction between frond
length and sediment trapped, which may hinder movement
of vagile fauna in higher turfs (Kelaher and Castilla 2005).
The fact that higher turfs harbour less complex peracarid
assemblages is important because articulated coralline algae
tend to grow higher under human impact (Mamo et al. 2020),
as in altered urbanised shores (Airoldi et al. 2016), indicat-
ing a trend to reduced a-diversity for stronger disturbances.

Conclusions

The samples from vertical and horizontal surface formed
two distinct and significantly different groups based on
Bray-Curtis similarities on species composition. GLMs
pointed out that orientation influenced a-diversity in some
degree (species richness and Shannon index, but not even-
ness) and relative abundance of the majority of constant
species. However, GLMs also showed that evenness and
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Shannon index were negatively influenced by turf height
and that available phytal area positively influenced even-
ness. It can be concluded that species composition of the
assemblages chiefly depended on surface orientation in
the studied location, but the assemblage complexity was
strongly influenced by the spatial structure of the turf.
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