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Mar Menor is one of the largest coastal lagoons in the Mediterranean basin. Over the years, Mar Menor
has suffered a significant environmental degradation due to multiple factors with anthropogenic origin.
The transformation from a rain-fed basin to intensive irrigated agriculture has led to an rise in the
water inflow and nutrients in the basin, which has provoked severe eutrophication. The increase in
nutrients led to changes in the structure and function of the lagoon ecosystems. The epibenthic and

Keywords: suspension feeder organisms have benefited from this imbalance, proliferating and reaching a high
Coastal lagoons population density. The composition and abundance of the species assemblage found in the sub-coastal
Mar Menor bottoms of the coastal lagoon after the environmental crisis occurred in 2016, using artificial settlement

Polychaetes

¢ o structures. The variation in community density and affinity between sampling sites in 2017 and 2018,
Fouling, eutrophication

were determined. A total of 31 species belonging to 27 genera and 7 phyla were observed in 11
samples. The best represented class are polychaeta (Phylum Annelida) with 11 identified species. The
genus with the greatest species richness was Hydroides with two species: H. dianthus (Verrill, 1873),
and H. elegans (Haswell, 1883), both of them considered potentially invasive and opportunistic species
followed by the genus Serpula, with two species: S. vermicularis (Linnaeus, 1767), and S. concharum
(Langerhans, 1880) and the genus Branchiomma was represented with another exotic invasive species,
B. boholense (Grube, 1878), which is only found in collectors in 2018. These results have allowed to
increase the knowledge about the effect of eutrophication in the structure of the fouling community
in the assemblage succession in the Mar Menor coastal lagoon.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

The Mar Menor is a hypersaline coastal lagoon in the West-
ern Mediterranean Sea and is included in the RAMSAR List of
International Importance Wetlands. It is also a Special Protection
Area of Mediterranean Importance (SPAMI), a Special Protection
Area for Wild Birds (SPAs) and a Site of Community Importance
(SCI) integrated into the Natura 2000 Network (EU Habitats Di-
rective) (Velasco et al., 2006). From a socioeconomic point of
view, this ecosystem has provided numerous goods and services,
and consequently, different activities such as agriculture, tourism,
fishing or former mining operations have converged for decades
(Conesa and Jiménez-Carceles, 2007; Martinez-Fernandez et al.,
2014). The lagoon has been affected for years by continuous
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inputs of water with high concentrations of nutrients from agri-
cultural and sewage source (Martinez Fernandez and Esteve,
2000; Pardo et al., 2004; Carrefio et al., 2008; Gémez, 2017).
As a consequence of this massive supply of nutrients, midway
through 2015, the water quality showed a radical change due to
a massive proliferation of phytoplankton (Aguilar Escribano et al.,
2016). The Mar Menor reached a stage of severe eutrophication
that ended in an “environmental collapse” which resulted in 85%
of seagrass meadows lost (Belando et al., 2017). The absence of
oxygen caused a massive mortality of benthic organisms (mol-
luscs, polychaetes, etc.). Critically endangered species like the
bivalve Pinna nobilis suffered a drastic reduction in their popu-
lations (Kersting et al., 2020; Giménez-Casalduero et al., 2020).
Other endangered species with limited mobility such as seahorses
(Hippocampus guttulatus), not only decreased their populations,
but the survivors were also relegated to specific areas of the
shoreline lagoon (Giménez-Casalduero et al.,, 2020). All sessile
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infauna and epifauna located in areas below three metres depth
(a key threshold value in this eutrophication episode), died due
to hypoxia and the drop in pH values generated by the decom-
position of dead plant biomass. During the second half of 2017,
some recovery of meadows of the macrophyte Caulerpa prolifera
were observed (Ruiz et al., 2019) along with an extraordinary
growth of suspension-feeders serpulidae polychaetes (Sandonnini
et al. 2021). These events appear to be a response to the high
availability of suspended organic particles and the availability of
CO, for fixation of calcium carbonate (Mayer-Pinto and Junqueira,
2003). These worms with calcareous tubes generate micro-reefs
that increase the heterogeneity of the sediment (Swan, 1950;
Alvarez Rogel et al., 2016).

The main factors that determine the composition of a fouling
community in an eutrophicated environment are the recruitment
capacity of the species, intra and interspecific competition and
environmental conditions (Richmond and Seed, 1991). Eutrophi-
cation causes a decrease in diversity and favours the development
of opportunistic species (Murray and Littler, 1978; Pearson and
Rosenberg, 1978; Gray, 1981; Hargrave and Thiel, 1983; Moran
and Grant, 1991; Meyer-Reil and Koster, 2000). Some authors
suggest that changes in the fouling community in eutrophic areas
are caused by competition between tolerant and non-tolerant
species rather than the toxic conditions themselves (Rastetter and
Cooke, 1979; Moran and Grant, 1991).

This research evaluated the fouling community that emerged
in the Mar Menor coastal lagoon after the environmental crisis
occurred in 2016. The structuring species of the fouling were
identified in two moments of the eutrophication process in the
lagoon.

2. Material and methods
2.1. Study area and experimental design

The Mar Menor, with an area of about 135 km? is considered
the largest coastal lagoon in the Western Mediterranean (Fig. 1).
This hypersaline lagoon is relatively shallow, with an average
depth of 3.5 metres and a maximum depth of 6.5 m. The lagoon
is delimited by La Manga, a 22 km long sandy bar crossed by five
canals regulating the exchange of water with the Mediterranean,
and it has a salinity range of between 42 and 47 psu. Under
normal conditions the community was dominated by euryhaline
and eurytherm species (Marin-Guirao et al., 2005).

During 2017 and 2018 two shallow areas of the lagoon that
are 10 km apart were evaluated: (i) B: Bar6n (N37° 41'45.9”
W 0° 45'9.48") and, (ii) E: Encaifiizadas (N 37° 46'9.69” W 0°
45'7.79") (Fig. 1). Both study sites were characterized by muddy
sand sediment, covered by a mixed Caulerpa prolifera (Forsskal)
Lamouroux and Cymodocea nodosa Asch meadow.

Artificial collectors were used to assess the fouling community
settled in 2017 and 2018. Collectors consisted of plastic mesh
bags (8 1 volume and 0.8 cm mesh-size) filled with 1m?tangled
nylon fishing net. The bags were attached to a main rope fixed
to a concrete mooring and kept vertical by a submerged buoy
(Kersting & Garcia-March 2017, (Kersting et al., 2020). Each year
collectors were installed at each location (B and E) in July and
recovered in November. A total of twelve collectors (3 collectors
per site) were installed covering a depth range of 1.5-2.5 m. Dur-
ing 2018, one collector situated in Las Encafiizadas disappeared,
probably due to vandalism.

The collectors were manually gathered by scuba diving and
placed in a container with sea water during transport to the
laboratory, where they were cleaned with a brush and the cap-
tured organisms were fixed in 10% formaline solution. Before
identification, the samples were washed in a sieve with 0.5 mm
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Table 1
Salinity, depth and temperature data of localities (Barén and Encafiizadas) for
2017 and 2018.

Locality Year Temp. (°C) Depth (m) Salinity (psu)
Baron 2017 28.2 1.5-2.2 449
Encafiizada 2017 28.94 1.5-2.5 439

Baron 2018 28.2 1.5-2.2 44.92
Encafiizada 2018 28.94 1.5-25 439

mesh size. Once rinsed, the organisms were sorted with the help
of a stereo microscope and were classified and stored in 70%
alcohol. The organisms were identified at the highest taxonomic
level possible (Zibrowius, 1992, 1994; Zibrowius and Thorp, 1989;
Ten Hove and Wolf, 1984; TenHove and Kupriyanova, 2009). Taxa
were listed according to the World Register of Marine Species
(WoRMS) nomenclatural system (WoRMS Editorial Board, 2019).

The amount of calcium carbonate generated during the study
period by serpulidae was estimated. Also, a ratio between dry
weight of the Polychaeta tube structure and the live specimens
was calculated. The empty tubes were weighed with a digital
scale with an accuracy of 0.001 g. Before weighing them, the
tubes were dried in a laboratory oven at 80 °C for 48 h.

The Cymodoce truncata Leach, 1814 and Sphaeroma serratum
Fabricius, 1787 biomass was also estimated. The organisms were
dried at 80 °C for 72 h and then weighed. The total percent-
age was obtained by calculating the average in grams of the
isopods found in the different collectors for the different years
and locations.

2.2. Data analysis

Different ecological parameters were used to analyse the com-
munity structure: Number of species (S); Shannon-Wiener index
(H’) (Shannon and Weaver, 1963); Margalef specific richness in-
dex (d) and the equitability Pielou index (J') (Magurran, 1988). To
evaluate the differences in the fouling community, with particular
focus on the polychaeta assemblages. A multivariate analysis
was used to analyse the composition and distribution pattern
of the community, considering both locations and years. CLUS-
TER procedures and non-multidimensional scaling (nMDS), with
untransformed data, before the application of the Bray-Curtis
similarity index, were used to evaluate the similarity between
locations and years. SIMPER analysis (“percentages of similar-
ity/dissimilarity”) identified the most common and dominant
species among the replicates. The analytical work was carried out
with PRIMER V6 (Plymouth Routines in Multivariate Ecological
Research) (Clarke and Warwick, 2001).

3. Results

During the study period, the water column had a salinity
ranging from 43 to 44 PSU, and an average temperature of 28°C
(Table 1). A total of 14.680 individuals and 31 different taxa were
identified during the full study period (2017 and 2018).

The number of taxa and organisms abundance changed dur-
ing both studied years. The phylum Annelida (class Polychaeta)
was the most represented, with eleven identified species. Their
relative abundance increased from 17.6% in 2017 to 43.5% in
2018. The richness of the Arthropoda phylum was lower, with
only six species identified but its relative abundance reached
the highest values of all groups (85.2%) in 2017, decreasing to
45.2% during 2018. Four species were identified in the phylum
Cnidaria with an increase of their relative abundance over time
(2017: 2.5%; 2018: 4.5%). The following phyla were founded only
in 2018 samples: Mollusca, with five identified species and a
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Fig. 1. Map of the Mar Menor lagoon and sampling locations; E: Encaiiizadas (N 37° 46'9.69”, W 0° 45'7.79"), (N 37°46/'9.06”, W 0°45'9.31”) and B: Bar6n (N

37°41'45.9", W 0°45'9.48").

relative abundance of 3.2%; Porifera was represented by one
species and a relative abundance of 3.6%; Echinodermata, with
one identified species and a very low relative abundance (0.01%).
Finally, the phylum Chordata, which showed a relative abundance
of 0.046% (Fig. 2, Table 2). A clear increase in diversity values was
observed Baron samples from 2017 to 2018. In 2018, an increase
of richness of mollusks can be observed in these areas. Otherwise,

Encaflizadas samples showed a decreased of Shannon diversity
values (Table 3).

Cluster analysis and nMDS plots of the species abundances
showed the general distribution by years, with the 2017 samples
distributed in the upper part of the graph and the 2018 samples
in the lower part, and with only the station E2/18 breaking this
pattern (Fig. 3). Based on similarities in different stations and
year, four main groups were established. Among these groups,
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Fig. 2. Relative fouling abundance (%) by phyla during both experimental years (2017, 2018)

Table 2
Presence/absence of the species found in the collectors in the Baron and
Encafiizada during 2017 and 2018.

Phyla B1/17 E/17 B/18 E/18

Annelid (polychaete) X
Eunice sp
Brania clavata
Branchiomma boholense
Eulalia viridis
Serpula vermicularis
Serpula concharum
Hydroides elegans
Hydroides dianthus
Syllidea sp
Polyophthalmus pictus
Hediste diversicolor X

Species

XX
XX

XXX X
XXX X
E T T
MOX X X X

>

Arthropoda
Sphaeroma serratum
Cymodoce truncata
Gammarus aequicauda
Lophogaster typicus
Balanus amphitrite
Geryon longipes

XX X X X
XX X X X
MOX X X X X

Cnidaria
Bunodactis verrucosa
Aiptasia diaphana
Anemonia viridis X X
Actinia cari

XX X X
>

Mollusca
Tapes decussatus
Dosinia lupinus
Mytilus minimus
Charonia lampas
Nassarium corniculum
Rudicardium tuberculatum X

MoX X X X
>

Porifera

Sycon raphanus X X
Echinodermata

Ophiura ophiura X
Chordata

Stylidea sp X

the Group 1 (G1) was formed by two collectors in Baron locality
in different years, with a similarity above 50% and the organisms
that contributed to this similarity were Balanus Amphitrite and
Hydroides dianthus; Group 2 (G2) corresponded to two collec-
tors in Encafiizadas in different years with a similarity close
to 53% and the organisms with higher contribution inside the

group were Cymodoce truncata and Sphaeroma serratum. Groups
3 (G3) and 4 (G4) presented a clear segregation by years. Samples
from 2017 in group 3, with a similarity within group of 66%
showed the same species than G2 contributing to de similar-
ity inside the group, although in this case a new species was
incorporated, specifically Hydroides elegans samples correspond
to 2018 (G4). The organisms that contributed to the similarity
(48%) were C. truncata, Branchiomma boholense, H. elegans and S.
serratum.(Fig. 3, Table 4).

The SIMPER routine indicated that contribution to the average
Bray-Curtis dissimilarity between G1 and G3 were mainly due to
the absence in G1 samples of the species Cymodoce truncata and
Sphaeroma serratum and in contrast, a great abundance in the G3
stations. The dissimilarity between G3 and G2 was determined by
a greater abundance of the same species in G3 versus G2 and the
absence of Branchiomma boholense in G3. Balanus amphitrite was
very abundant in G1 and scarce in G2. In addition, the organisms
C. truncate, B. boholense and S. serratum were absent in G1 and
presents in G2, while Hydroides elegans and Hydroides dianthus
appeared in G1 and were absent in G2. The dissimilitude between
G3 and G4 was marked by the absence of B. boholense and Sycon
raphanus in G3 and the higher abundance of the organisms C.
truncata, H. elegans and B. amphitrite in G4, while S. serratum was
more abundant in G3. Dissimilarity between G1 and G4 groups
was determinate by the absence of C. truncate and B. boholense
in G1 and the difference of abundance of H. elegans. Ultimately,
we found a similar result between G2 and G4, but in this case the
difference was in abundance (Table 5).

The arthropods Cymodoce truncata and Sphaeroma serratum
were the most abundant and they were founded in all collectors
for both years. The relative biomass obtained from the calculation
of the average of biomass of C. truncata and S. serratum in relation
to the total biomass was 7.65 4 2.06% and by collector B/17, 8.5
+ 3.9% for E/17, 10.63 + 2.81% for B /18 and 40.76 +4.24% for
E/18.

4. Analysis of the composition and structure of the poly-
chaetes

A total of 2.830 specimens were collected and 99.7% was
identified at a species level. The most represented genera was
Hydroides with two species H. elegans (Haswell, 1883), which had
a relative abundance in 2017 of 5.2% increasing during 2018 to
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Table 3
Trend of structural indices in both localities and years (a) Number of species (S); Shannon-Wiener index (H’); (d)
Margalef index (d); Pielou (J) index.

Diversity Barén 2017 Encaiiizada 2017 Bar6n 2018 Encafiizada 2018
indices B/17 E/17 B/18 E/18
Taxa_(S) 11 11 28 18
Shannon (H) 1.634 1.384 2.279 1.154
Margalef (d) 1.295 1.293 3.181 2.086
Pielou_(J) 0.6816 0.577 0.6767 0.3992
Table 4

Results of SIMPER analysis. Species are ranked according to their average contribution to similarity values within
groups (G1, G2, G3, and G4). Average abundances, percentage of contribution and percentage of cumulative similarity
are also included. A cut-off at a cumulative similarity (%) of 88% was applied.

Group SIMPER - percent Species Av.Abund Contrib% Cum.%
similarity within group

G1 49.72 Balanus amphitrite 191.50 86.86 86.86
Hydroides dianthus 38.50 6.86 93.71

G2 52.73 Cymodoce truncata 119.00 67.46 67.46
Sphaeroma serratum 62.50 30.18 97.63

G3 66.18 Cymodoce truncata 519.50 60.05 60.05
Sphaeroma serratum 269.75 21.28 81.33
Hydroides elegans 50.50 7.08 88.42

G4 47.92 Cymodoce truncata 861.67 49.35 49.35
Branchiomma boholense 823.67 21.79 71.14
Hydroides elegans 340.33 11.50 82.64
Sphaeroma serratum 143.67 7.38 90.02

Table 5
Results of SIMPER analysis. Species are ranked according to their average contribution to dissimilarity values between groups (G1, G2, G3, and G4). Average abundances,
percentage of contribution and percentage of cumulative dissimilarity are also included. A cut-off at a cumulative dissimilarity (%) of 81% was applied.
Groups SIMPER - percent dissimilarity Species Av.Abund Av.Abund Contrib% Cum.%
between groups

Group 1 Group 3
1,3 84.45 Cymodoce truncata 0 519.50 46.25 46.25
Sphaeroma serratum 0 269.75 22.61 68.86
Balanus amphitrite 191.5 24.75 14.36 83.23
Group 3 Group 2
3,2 70.31 Cymodoce truncata 519.50 119.00 43.77 43.77
Sphaeroma serratum 269.75 62.50 20.83 64.60
Branchiomma boholense 0 111.50 11.07 75.67
Hydroides elegans 50.50 0 5.44 81.11
Group 1 Group 2
1,2 95.17 Balanus amphitrite 191.50 9.00 29.10 29.10
Cymodoce truncata 0 119.00 20.18 49.28
Branchiomma boholense 0 111.50 15.56 64.83
Sphaeroma serratum 0 62.50 10.85 75.68
Hydroides elegans 54.50 0 7.18 82.86
Hydroides dianthus 38.50 0 5.51 88.37
Group 3 Group 4
3,4 60.55 Branchiomma boholense 0 823.67 33.52 33.52
Cymodoce truncata 519.50 861.67 14.17 47.69
Hydroides elegans 50.50 340.33 13.21 60.89
Balanus amphitrite 24.75 274.00 9.50 70.39
Sphaeroma serratum 269.75 143.67 6.54 76.93
Sycon raphanus 0 129.33 5.06 81.99
Group 1 Group 4
1,4 90.34 Cymodoce truncata 0 861.67 28.38 28.38
Branchiomma boholense 0 823.67 26.98 55.35
Hydroides elegans 54.50 340.33 11.39 66.74
Balanus amphitrite 191.50 274.00 10.09 76.83
Group 2 Group 4
2,4 80.93 Cymodoce truncata 119.00 861.67 27.32 27.32
Branchiomma boholense 111.50 823.67 26.19 53.51
Hydroides elegans 0 340.33 14.34 67.85
Balanus amphitrite 9.00 274 8.04 75.89

11.8%; and H. dianthus (Verrill, 1873) with a relative abundance a relative abundance in 2017 of 0.2% reduced to 0.1% in 2018.

of 4.6% during 2017 which decreased to 3.5% in 2018. The genera (Fig. 4). o . .
Serpula was represented with two species: S. vermicularis (Lin- The Bray-Curtis similarity analysis (cluster analysis) showed a
p P P . division into two primary groups, GP1 and GP2, with an internal

naeus, 1767), which had a relative abundance in 2017 of 0.9%  simijlarity higher than 55% in GP1 and 27% in GP2 (Fig. 5, Table 6).
and 0.2% in 2018 and; S. concharum (Langerhans, 1880), with had GP1 was in turn divided into two subgroups GP1 A and GP1B, the
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Fig. 3. (A) Hierarchical agglomeration group using the average group link analysis based on fouling community abundance by collector of the Encaiiizada (E) and
Baron (B) station during both years 2017 and 2018; (B) nMDS ordenation of fouling community abundance by collector and associated stress value by collector of

the Encafiizada (E) and Baron (B) station during both years 2017 and 2018.

first one composed by two collectors from Baron locality in the
second experimental year (B1/18 and B2/18) with a similarity of
70%, while the subgroups GP1B had a similarity of 60% and was
composed by collectors from both localities, four of them from
2017 and two from 2018. GP2 had a similarity of 15%. The analysis
of the MDS (Fig. 5B) confirms an aggregation between most of the
collectors, and shows the isolation of sample B2/17 from the rest
of the groups.

The SIMPER procedure showed that the percentage of similar-
ity within GP1 was determined by the presence of Hydroides ele-
gans (Table 7). while the organisms responsible for the similarity
within GP2 are Serpula concharum (Table 6).

To evaluate the weight of calcium carbonate, the ratio between
the weight of the polychaeta structure tubes and the number of
living individuals found was calculated, with ratio values of 13.04
in 2017 and 17.7 in 2018.

5. Discussion

During the past decades, the Mar Menor has undergone a deep
transformation due to anthropogenic pressure and its consequent
direct or indirect effect on the environment. The ensuing alter-
ations affect the structure and composition of communities and
in the case of invertebrates, these changes are easily detectable
at the taxonomic level of the family (Gimenez-Casalduero et al.,
2011). The biotic component, used in studies on natural and/or
anthropogenic stress response, is particularly useful to analyse
the effects of local disturbances, since the organisms that are part
of them have a long life and are relatively sedentary (Thrush and
Dayton, 2002).

The fouling communities after the episode of severe eutroph-
ication in the Mar Menor coastal lagoon (Ruiz et al.,, 2019) were
analysed during 2017 and 2018 and 31 taxa at the level of
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Table 6
Results of SIMPER analysis. Polychaeta species are ranked according to their average contribution to similarity
values within groups (GP1 and GP2). Average abundances, percentage of contribution and percentage of cumulative
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similarity are also included. A cut-off at a cumulative similarity (%) of 92% was applied.

Group SIMPER - percent Species Av.Abund Contrib% Cum.%
similarity within group
GP1 55.33 Hydroides elegans 166.50 57.48 57.48
Hydroides dianthus 64.25 35.14 92.63
GP2 27.19 Serpula concharum 1.67 100.00 100.00
Table 7

Results of SIMPER analysis. Polychaeta species are ranked according to their average contribution to dissimilarity
values between groups (GP1 and GP2). Average abundances, percentage of contribution and percentage of cumulative
dissimilarity are also included. A cut-off at a cumulative dissimilarity (%) of 60% was applied.

Groups  SIMPER - percent dissimilarity Species Av.Abund  Av.Abund  Contrib%  Cum.%
between groups
Group 1 Group 2
92.75 Hydroides elegans  166.5 0 60.05 60.05

phylum, genus or species were identified. A low diversity was
detected during 2017, but a significant increase in diversity was
observed during 2018, with the presence of organism like Bran-
chiomma boholense which is considered an invasive species from
the Atlantic very abundant in port areas, or Charonia lampas
Linnaeus, 1758, Mytilus minimus Poli, 1795, Rudicardium tubercu-
latum Linnaeus, 1758, Dosinia lupinus Linnaeus, 1758, Nassarius
corniculum Olivi, 1792, Sycon raphanus Schmidt, 1862, Ophiura
ophiura Linnaeus, 1758, Stylidea sp.

Two opportunistic organisms, belonging to the phylum Arthro-
poda - Sphaeroma serratum and Cymodoce truncata (Afli et al.,
2009) - had a constant presence during both years and were
dominant in some collectors. Branchiomma boholense were found
exclusively in 2018, indicating that this organisms was incorpo-
rated later to the fouling community. Low values of the Pielou
index in some collectors suggested the dominance of R-strategists
species in the community. For example, B. boholense was very
abundant only in one collector (E/18) and during 2018, while the
more abundant organism for the rest of the collectors, indepen-
dently of the sampling year, were C. truncata and S. serratum.
Both study sites were characterized by a sandy-muddy bottom
with small patches of Cymodocea nodosa. Branchiomma boholense
is usually associated to Caulerpa prolifera and C. nodosa (Roman
et al., 2009). The larval source for organisms colonization in the
collectors must have been from surrounding macrophyte habitat.

On the other hand, C. truncata is common on the Spanish
coasts, both in the Atlantic (Drake et al., 1997; Rodriguez-Sanchez
et al, 2001) and in the Mediterranean (Castell6 and Carballo,
2001). They are usually collected in shallow intertidal and subti-
dal areas (1-3 m) and can be founded living in macrophyte beds
and seaweed, dead intertidal corals and in the subtidal over dead
barnacles and oyster shells (Khalaji-Pirbalouty et al., 2013). This
species is quite common in the Mar Menor coastal lagoon and
its prevalence may be associated with the high nutrient content
found in the water column (Lloret Barba, 2011). This isopod is
mainly herbivorous and solitary and becomes gregarious during
the reproductive period, when the male dominates over a high
number of females (Wetzel, 2001). S. serratum Fabricius, 1787,
often lives in coastal marine or brackish waters, which are subject
to variations in salinity (Daguerre de Hureaux, 1966; Charmantier
and Charmantier-Daures, 1994).

The invasive species Branchiomma boholense, was the best rep-
resented organism of the family Sabellidae, (Lopez and Richter,
2017). The genera Branchiomma Kélliker, 1858 includes approx-
imately 29 species and most of them have an intertropical dis-
tribution (Giangrande and Licciano, 2004), with six considered as
alien species worldwide (Zenetos et al., 2010). Branchiomma bo-
holense has been described in the Mediterranean area (Link et al.,
2009; Minchin et al., 2013; Del Pasqua et al., 2017; Del Pasqua
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Fig. 5. (A) Hierarchical agglomeration group using the average group link based on polychaete abundance assemblage by collector of the Encafiizada (E) and Barén
(B) station during both years 2017 and 2018; (B) nMDS ordenation of polychaete abundance assemblage by collector and associated stress value by collector of the

Encaiiizada (E) and Barén (B) station during both years 2017 and 2018.

et al., 2018) and also in the Mar Menor where it was originally
confused with Branchiomma bairdi (McIntosh, 1885) because the
difficulty to distinguish between both species (Keppel et al., 2015;
Arias et al,, 2013). The species was originally described in 1878
on the island of Bohol (Philippines) and it is widely distributed
in the Indian Ocean and Red Sea (Tovar-Hernandez et al., 2009),
from where it seems that it enters in the Mediterranean through
the Suez Canal. This species has a great adaptability and a fast-
reproductive rate (Licciano and Giangrande, 2008), features that
allow it to adapt to altered conditions. It is highly probable that

boating has been the activity that acted like the introduction
vector of this species into the Mar Menor. In addition, high water
temperature during summer and high salinity of the lagoon have
probably favoured the colonization of this species (Roman et al.,
2009).

The most abundant serpulids founded in the collectors were
Hydroides dianthus and Hydroides elegans, the first represented
in both years, while the abundance of the second one increases
throughout 2018. On the other hand, Serpula vermicularis and
Serpula concharum were represented with low abundance. During
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eutrophic events occurred in the Mar Menor during 2016, pH
values reached levels below the threshold of 7.6 which could lead
to decline in calcification of invertebrate structure (Alvarez Rogel
et al,, 2016; Gazeau et al., 2013). But the important growth of
species with the formation of massive aggregates (Hydroides ele-
gans, Balanus amphitrite) can be determined by the chemical pro-
cess favoured in turn by the eutrophication process (Sandonnini
et al,, 2021).

The presence of polychaetes indicates biomineralization which
is an evolutionary adaptation whereby organisms generate inor-
ganic products in the form of minerals used for housing, structure
or defence (Hedley, 1956; Batzel et al., 2016). The ratio between
the tubes dry weight and the number of living individuals can
be an indicator of the formation of reef structures ability for a
specific number of specimens. The results of this index showed
a lower value in 2017 than 2018, in coincidence with the peak
of abundance of Hydroides elegans, a reef-maker species. The
species Hydroides dianthus starred in episodes of massive growth
in the lagoon. The formations grew on the substrate or on Pinna
nobilis shells (Sandonnini et al,, 2021). However, in this study
this organism only appears in the G1 stations, specifically in
Bardn, and represented with low abundance. It is possible that the
collectors used were not the ideal substrate for the colonization
of this species.

The studied community was mainly dominated by suspension-
feeder species (especially during 2018). Most of them were typi-
cal from an unstable environment and associated with physical-
chemical disturbances. This is in contrast with the communities
settled in the same kind of collectors in other Spanish Mediter-
ranean sites. In the Columbretes Islands Marine Reserve (NW
Mediterranean), a well preserved, open sea site, and around the
Balearic islands, Mollusca was the dominant group followed by
Crustacea, (D. K. Kersting, 1. E. Hendriks, pers. obs.). It is probable
that the composition of the species will change with time in a
situation of improvement of the ecological state of the lagoon.
The results observed in 2018 could be interpreted as a possible
recovery of the communities. During that year, taxa such as
cnidarians, porifera or echinoderms which had disappeared from
this environment in 2017 samples, began to appear again. This
could be a symptom of fouling community recovery before the
recurrent episode of eutrophication in 2019

The presence of filter-feeding Mollusca can help to improve
the water quality in the Mar Menor (Salazar-Vallejo, 2000). After
years of anthropogenic pressures, fouling community has been
affected and modified, with changes in the structure in the poly-
chaete assemblage, and it had been altered both, the presence and
abundance of species over time.
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