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Abstract The shallow habitats of coastal lagoons play an
invaluable role for fish communities as nursery areas and
provide essential habitats for threatened fish species. Shore-
line modification is an anthropogenic coastal stressor that
can negatively affect aquatic communities through the mod-
ification of nearshore habitats. The aim of the present study
was to quantify the effects of two types of shoreline conditions
on habitat structure and fish community of littoral habitats.
Unmodified shorelines adjacent to saltmarshes and recreation-
al beaches in urbanised areas of the Mar Menor coastal lagoon
were compared. The results showed that there were significant
differences in habitat structure, fish community structure and
fish species abundance by shoreline type. Recreational
beaches were characterised by higher water depth and homo-
geneous substrata, while unmodified shorelines showed high
substrata heterogeneity and supported well developed mead-
ows of submerged vegetation. The latter shoreline type pro-
vided an important nursery habitat for marine species such as
Sparus aurata and Liza saliens, and represented critical hab-
itats for species of conservation concern such as Aphanius
iberus and Syngnathus abaster. Littoral areas adjacent to
modified shorelines were dominated by Pomatoschistus
marmoratus. We suggest that urbanisation has impacted fish
assemblages through degradation of habitat structure (loss of
complexity and refuge areas).

Keywords Mediterranean Sea . Coastal lagoons .
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Introduction

Transitional waters, such as estuaries and coastal lagoons,
play an invaluable role as spawning, nursery and feeding
areas for fish communities and provide essential habitats for
threatened fish species (Elliott et al. 2007; Rountree and
Able 2007; Franco et al. 2008; França et al. 2009). These
environments provide ample food resources (e.g. high
abundance of invertebrates) and possess favourable habitat
conditions (e.g. temperature, hydrodynamics, refuge) that
enhance fish growth and survival (Baldó and Drake 2002;
Attrill and Power 2004; Pombo et al. 2005; Franco et al. 2006).

Despite their importance, these systems are among the
most vulnerable aquatic environments in the world, and are
subject to considerable anthropogenic pressures that usually
lead to changes in their biological health (Vasconcelos et al.
2007; Courrat et al. 2009). Shoreline development is a
significant anthropogenic coastal stressor that can negative-
ly affect nearshore faunal communities through the alter-
ation or loss of littoral habitats, increased pollutant inputs,
loss of allocthanous material and changes in food availabil-
ity (Peterson et al. 2000; Sanger et al. 2004; Seitz et al.
2006; Bilkovic and Roggero 2008). Since highly productive
shallow littoral areas of coastal lagoons and estuaries serve
as nursery and feeding grounds for numerous fish species,
information on the effects of coastal development is a crit-
ical ecosystem management issue.

The Mar Menor, located on the southeastern Iberian
Peninsula, is one of the largest coastal lagoons in the
Mediterranean Sea (Fig. 1). Its coastline is densely populated
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supporting a large tourist population during summer months
of about 450000 people. During the last three decades,
major changes to the lagoon environment have occurred as
a result of increased nutrient inputs and development of
tourism facilities, including urban development (Pérez-
Ruzafa et al. 2005). Several studies have demonstrated that
human activities surrounding the lagoon have negatively
impacted biota and altered the functioning of the Mar Menor
(Lloret et al. 2005; Martínez et al. 2005; Carreño et al.
2008). Pérez-Ruzafa et al. (2006) showed that coastal works
during the 1980’s (dredging and pumping sand to create
artificial beaches and the installation of artificial rocky
structures) in the Mar Menor had a negative impact on the
distribution and abundance of benthic fish fauna.

Nevertheless, the lagoon and its adjacent wetlands (salt-
pans and natural saltmarshes) have significant ecological

and natural value and have been given international and
national protection status. The lagoon maintains a diverse
fish community due to its environmental heterogeneity:
unvegetated sandy and muddy bottoms, rocky bottoms and
seagrass beds composed of the phanerogams Cymodocea
nodosa (Ucria) Ascherson and Ruppia cirrhosa (Petagna)
Grande (Pérez-Ruzafa et al. 2005). Moreover, the shallow
littoral areas of the lagoon are highly productive and have
been shown to serve as nursery and feeding grounds for
many fish species (Oliva-Paterna et al. 2006; Verdiell-
Cubedo 2009).

Therefore, the objective of the present study was to
examine the influence of shoreline modification on habitat
structure and the assemblage of small fish by comparing two
types of shoreline conditions in the shallow littoral areas of
the Mar Menor: shorelines adjacent to saltmarshes and

Fig. 1 Location of the Mar
Menor coastal lagoon and
distribution of sampling sites
(N1-N3: unmodified shorelines;
D1-D3: modified shorelines).
Grey areas represent natural
saltmarshes and black areas
are urbanised areas with
residential use
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recreational beaches in urbanised areas with residential land
use. We hypothesised that fish assemblages and habitat
structure were not uniform across the lagoon’s shoreline, and
that fish assemblages and habitat structure were expected to
differ between modified and unmodified shorelines.

Material and Methods

Study Area

The Mar Menor is a hypersaline coastal lagoon located in a
semiarid region in the southeast of the Iberian Peninsula
(Fig. 1). It is one of the largest coastal lagoons in the
Mediterranean basin, with a surface area of 135 km2

and an average depth of 3.6 m. It is separated from the
Mediterranean Sea by a 22 km-long sand bar called La
Manga, which has three narrow channels that connect it to
the open sea. The lagoon shows a salinity range of 39–
45 ppt and the temperature varies from 10 °C in winter to
32 °C in summer (Pérez-Ruzafa et al. 2005). Its bottom is
principally covered by dense meadows of the invasive mac-
roalga Caulerpa prolifera (Forskal) Lamouroux, although
the shallowest areas are covered by scarce patches of the
phanerogames C. nodosa and R. cirrhosa (Lloret et al. 2005;
Pérez-Ruzafa et al. 2005).

The importance of the lagoon and its saltmarshes in terms
of biodiversity has been recognised in numerous interna-
tional protection schemes: it has been a Ramsar Internation-
al site since 1994; it is considered a Special Protected Area
of Mediterranean Interest (SPAMI), established by the
Barcelona Convention in 2001; and a Site of Community
Importance (SCI) to be integrated in the Nature 2000 Network
(EU Habitats Directive). This zone is also a Specially
Protected Area (SPA) in relation to nest building, migration
and over-wintering of aquatic birds, and is protected by
European legislation (BirdsDirective 79/409/CEE).

The lagoon also supports important commercial fisheries,
primarily Anguillidae (Anguilla anguilla), Sparidae (Sparus
aurata and Diplodus spp.), Mugilidae (Mugil cephalus and
Liza spp.) and Atherinidae (Atherina boyeri) (Pérez-Ruzafa
et al. 2005; Andreu-Soler et al. 2006). The mullets Liza
aurata and Liza saliens and the gilthead bream Sparus
aurata are among the most abundant migrant fish species
that colonise these areas in their juvenile stages. As resident
species that spend their life cycles in the lagoon, the endan-
gered cyprinodontid Aphanius iberus, the pipefish Syngna-
thus abaster, the marbled goby Pomatoschistus marmoratus
and the sand smelt A. boyeri are the most abundant short-
lived fish species inhabiting such shallow littoral areas
(Verdiell-Cubedo 2009).

Recreational beaches located in urbanised areas are sub-
jected to seasonal maintenance operations, which comprise

sand replenishment during the months prior to summer and
sand cleaning during summer months (June-September). In
addition, these areas have been impacted by the construction
of sport harbours and the installation of rocky breackwaters
perpendicular to the coast (Pérez-Ruzafa et al. 2005, 2006).
In contrast, shorelines adjacent to saltmarshes display natu-
ral conditions with high cover of supralittoral vegetation
(shrubs and reedbeds of Phragmites australis) and sand bare
grounds (Carreño et al. 2008). Moreover, the later shoreline
types are characterised by the presence of seasonal water-
course mouths that regularly deposit large quantities of sedi-
ments, nutrients and terrestrial organic matter (Lloret et al.
2005; Velasco et al. 2006).

Shallow littoral areas (water depth ≤ 1 m) of the lagoon
are characterised by soft substrates (principally muddy and
sandy bottoms) and isolated patches of submerged vegeta-
tion (mainly meadows of C. nodosa and R. cirrhosa).

Sampling Methods

Sampling was carried out during four sampling periods: July
2002 and 2003 (summer season) and February 2003 and
2004 (winter season). A total of six sampling sites were
selected in the shallow littoral areas of the lagoon (Fig. 1):
three in natural saltmarshes, Lo Poyo (N1), El Carmolí (N2)
and La Hita (N3) and three in urbanised areas with recrea-
tional beaches: La Manga (D1), Los Nietos (D2) and Los
Alcázares (D3). Samples were collected using a 10 m long
beach seine (2 mm mesh size), which allowed the capture of
juvenile fishes and adults of small sized species. Six repli-
cates were collected during every sampling period at each of
the six sampling sites by hauling 20 m reaches of shoreline
at each replicate. The area covered by each haul was ap-
proximately 160 m2 (standardised hauled area per sampling
site0960 m2), with a total number of 122 samples taken: 63
samples in urbanised areas and 59 in natural saltmarshes (in
some cases it was not possible to perform six replicates in
each sampling site due to adverse weather conditions or
massive proliferation of filamentous algae).

Fish were anesthetised with benzocaine, fixed in neutral-
ised formaldehyde (10 %) and identified at species level in
the laboratory. The abundance of each species was recorded
and expressed as number of individuals per 160 m2.

Each sampling site was characterised by five environ-
mental variables (quantified in each replicate of every sam-
pling site) related to habitat structure: water depth (cm),
submerged vegetation cover, submerged vegetation density,
substrata grain size and substrata heterogeneity. Water depth
was recorded three times at a central point in each replicate.
Submerged vegetation cover and density were estimated by
visual inspection, the former was recorded as the percentage
area covered by submerged vegetation at each replicate and
the latter as an ordinate categorical variable from 0 (low
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meadow density) to 5 (high meadow density). Substrata was
classified according to Bain (1999) [mud (1), sand (2),
gravel (3), pebble (4) or boulder (5)] and substrata grain
size (average in each sampling site) and substrata grain
heterogeneity (standard deviation in each sampling site)
were assessed by making at least 10 visual designations at
each replicate.

Statistical Analysis

In order to reinforce the comparison of a-priori defined
shoreline type, sampling sites were ordered using non-
metrical multidimensional scaling (MDS), which was
applied to a resemblance matrix based on the Euclidean
distance generated on the mean seasonal normalised values
of the environmental variables matrix. Sampling sites were
classified into different shoreline types by hierarchical
cluster analysis (Euclidean distance; group average link)
(Clarke and Warwick 2001).

A two-way analysis of variance (two-way ANOVA) was
used to test for differences between shoreline types and seasons
on each selected fish species abundance (A. iberus, A. boyeri,
P. marmoratus, S. abaster, L. aurata, L. saliens and S. aurata),
total abundance of resident species (A. iberus, S. abaster, P.
marmoratus and A. boyeri) and total abundance of migrant
species (L. aurata, L. saliens and S. aurata). Both independent
variables were considered as fixed factors.

Assumptions of normality and homogeneity of variance
were checked with Kolmogorov-Smirnov’s and Levene’s
tests, respectively. To meet these assumptions, fish abun-
dance data were fourth-root transformed. In many cases,
transformation did not produce homogeneous variances;
neverthless two-way ANOVA was used, as the F statistic is
considered to be robust in relation to the assumption of
heterogeneity. In order to compensate for the increased
likelihood of a Type I error, the level of significance was
set at P≤0.01 (Underwood 1997). When significant shore-
line type x season interactions were detected in the two-way
ANOVA, one-way ANOVA test was used to test for differ-
ences between shoreline type during each season and among
seasons for each shoreline type (P<0.05).

Differences in the structure of the fish community
between shoreline types were assessed by a factorial design
with shoreline type and season as fixed factors through the
distance-based pseudo-F statistics, PERMANOVA (9999
permutations), using similarity matrices based on the Bray-
Curtis similarity coefficient generated on abundance data
(fourth-root transformed). Exploration of species contribu-
tions to describing dissimilarities between shoreline types
was carried out with the SIMPER procedure. Principal
coordinate analysis (PCO) on similarity matrices was then
conducted to visualize PERMANOVA and SIMPER signif-
icant results.

Finally, a PCAwas applied to explore patterns of association
among the environmental variables of the sampling sites. To
establish habitat-species associations the factors extracted by
PCAwere correlated (Pearson correlation test) with fish abun-
dance values for each studied species (Quinn and Keough
2002). The correlation coefficients between fish species abun-
dance and both PC1 and PC2 (+: significant positive, -: signif-
icant negative or 0: no correlation) make it possible to represent
the fish abundance for each species as passive variables on a
scatterplot, together with the environmental variables originally
included in the PCA. Hence, this representation allows the fish
abundance variable to be characterised in relation to the
variables included in the analysis. Only components with
eigenvalues larger than 1 were interpreted. Prior to PCA, sub-
merged vegetation cover variable was arcsin (√x) transformed.

Statistical analyses were performed using the SPSS®
statistical package (Version 15.0) and the PRIMER software
(Version 6.1.7) (Clarke and Warwick 2001).

Results

Habitat Classification

Figure 2 presents the results of the MDS and cluster analy-
ses and the seasonal classification of sampling sites into
different shoreline types. The first axis (MDS1) was highly
positively correlated with submerged vegetation volume
(ρ00.92) and cover (ρ00.87), reflecting that MDS1 clearly
separated between sampling sites with scarce development
of submerged vegetation on the left part of the diagram and
well-vegetated bottoms on the right. Additionally, MDS1 was
positively correlated with substrata heterogeneity (ρ00.66)
and negatively correlated with substrata size (ρ0-0.85) and
water depth (ρ0-0.82). MDS2was not significantly correlated
with any environmental variables.

According to these results, the La Manga (D1_summer,
D1_winter), Los Nietos (D2_winter) and Los Alcázares
(D3_summer, D3_winter) sampling sites, located on the left
part of the diagram, showed low values of submerged vege-
tation cover and volume, high substrata size (sandy bottoms)
and water depth (Fig. 2 and Table 1). Conversely, the Lo Poyo
(N1_summer, N1_winter), El Carmolí (N2_summer,
N2_winter) and La Hita (N3_summer, N3_winter) sampling
sites were represented by well-vegetated bottoms, high sub-
strata heterogeneity, low substrata size and water depth (Fig. 2
and Table 1). The classification of D2_summer in the natural
shoreline group was mainly due to the proliferation of fila-
mentous algae and the phanerogam R. cirrhosa observed at
this sampling site during summer (Table 1). Despite this
heterogeneity, this sampling site was included in the modified
shoreline group for later analysis of selected fish species
abundance and fish community structure.
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Fish Assemblages

A total of 24 fish species were collected during the study
period. The five most abundant fish species were L. saliens
(7551 individuals, 22.2 % of the total catch), P. marmoratus
(7537 individuals, 22.1 % of the total catch), L. aurata
(6541 individuals, 19.3 % of the total catch), S. aurata
(4658 individuals, 13.7 % of the total catch) and A. boyeri
(4581 individuals, 13.5 % of the total catch). S. abaster
represented 2.1 % of the total catch (724 individuals) and
A. iberus 1.5 % (513 individuals) (Table 2). These seven fish
species comprised 94.4 % of the total catch.

There were significant differences in fish species abun-
dance between shoreline types for A. iberus, L. saliens and
P. marmoratus (Table 3). The former two species were more
abundant at saltmarsh shorelines while P. marmoratus was
more abundant in modified shorelines (Tables 2 and 3). The
abundance of migrant fish species was significantly higher
in unmodified shorelines (Tables 2 and 3). There were no
such differences for abundance of A. boyeri, L. aurata and
the total abundance of resident fish species (Tables 2 and 3).

The habitat x season interaction was significant for S.
aurata and S. abaster (Table 3). There were only significant
differences during winter between shoreline types; both
species displayed significantly higher values in saltmarsh
shorelines during this season (one-way ANOVA, F010.55,
P<0.01; one-way ANOVA, F07.69, P<0.01, respectively)
(Table 2). Considering seasonal fluctuations within shore-
line types, S. aurata resulted in significantly higher abun-
dance values during winter than summer in modified and
unmodified shorelines (one-way ANOVA, F062.74, P<
0.001; one-way ANOVA, F082.48, P<0.001, respectively)

(Table 2). S. abaster only showed significant seasonal dif-
ferences in modified shorelines, with the highest abundan-
ces during summer (one-way ANOVA, F014.49, P<0.001)
(Table 2).

In regards to seasonal variation in abundance there was a
significant difference for the resident species A. boyeri, which
showed higher values during summer (Tables 2 and 3). The
migrant species L. aurata showed significantly higher abun-
dance during winter, as well as the total abundance of migrant
fish species (Tables 2 and 3). A. iberus and P. marmoratus
showed marginally seasonal differences (P00.038 and
P00.05, respectively) in their abundance, the former being
more abundant during summer and the latter in winter
(Tables 2 and 3). L. saliens abundance and the total abundance
of resident fish species did not show significant seasonal
differences (Tables 2 and 3).

Fish community structure showed significant differences
between shoreline types (PERMANOVA: pseudo-F02.67,
P<0.05), with no significant interaction between shoreline
type and season (PERMANOVA: pseudo-F00.54, P>0.05).
The species contributing most to dissimilarities between
shoreline types were P. marmoratus and L. aurata, which
characterised the fish samples from modified shorelines
(Table 4 and Fig. 3), and S. aurata, L. saliens, A. iberus
and S. abaster, which typifyied assemblages from saltmarsh
shorelines (Table 4 and Fig. 3).

Habitat-Species Associations

The first two axes of the principal component analysis
(PCA) performed on the environmental variables matrix
explained 72 % of variance (Fig. 4). There was a high level

Fig. 2 Ordination and
classification of sampling sites
into different shoreline types
according to the results of MDS
and cluster analyses performed
on the seasonal environmental
variables matrix (N1-N3:
unmodified shorelines; D1-D3:
modified shorelines). Vectors
represent the Pearson’s
correlation values between
each environmental variable
and the ordination scores
(Cover: submerged vegetation
cover; Density: submerged
vegetation density; Depth:
water depth; SS: substrata grain
size; SH: substrata grain
heterogeneity). Dashed lines
represent clusters based on
Euclidean distances of less
than three
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of association between the first component (PC1) and sub-
merged vegetation (cover and density) and substrata grain
heterogeneity. Secondly, water depth and substrata grain
size were strongly associated with component 2 (PC2)
(Fig. 4). Therefore, two habitat gradients were defined in
the study area following the PCA of habitat variables. PC1
(eigenvalue02.19, 43.8 % of variance) could be interpreted

as a gradient from unvegetated bottoms with a homoge-
neous substrata on the left part of the diagram, to well
vegetated bottoms with a heterogeneous substrata (presence
of large substrata types, mainly pebbles and boulders). PC2
(eigenvalue01.41, 28.2 % of variance) distinguished be-
tween deep sandy bottoms on the upper part of the diagram,
to shallow muddy bottoms (Fig. 4).

Table 3 Results of
two-way ANOVA performed
on the abundance
[ln (n individuals/160 m2+1)]
of selected fish species, with
season and shoreline type as
fixed factors. n.s. P>0.01,
*P<0.01, **P<0.001

Species df F Species df F

Aphanius iberus Liza saliens

Shoreline type 1 12.71** Shoreline type 1 21.89**

Season 1 4.42n.s. Season 1 0.05n.s.
Shoreline type x season 1 0.53n.s. Shoreline type x season 1 0.65n.s.
Error 118 Error 118

Atherina boyeri Sparus aurata

Shoreline type 1 1.85n.s. Shoreline type 1 11.14*

Season 1 42.02** Season 1 171.02**

Shoreline type x season 1 0.71n.s. Shoreline type x season 1 11.14*

Error 118 Error 118

Pomatoschistus marmoratus Resident species

Shoreline type 1 9.47* Shoreline type 1 2.93n.s.
Season 1 3.91n.s. Season 1 1.69n.s.
Shoreline type x season 1 0.14n.s. Shoreline type x season 1 0.48n.s.
Error 118 Error 118

Syngnathus abaster Migrant species

Shoreline type 1 1.94n.s. Shoreline type 1 15.35**

Season 1 9.76* Season 1 19.46**

Shoreline type x season 1 8.92* Shoreline type x season 1 0.08n.s.
Error 118 Error 118

Liza aurata

Shoreline type 1 0.01n.s.
Season 1 9.71*

Shoreline type x season 1 1.23n.s.
Error 118

Table 4 Results of SIMPER analysis with species contributions to
dissimilarities between shoreline types. Avg diss: average dissimilarity;
Diss/SD: ratio of AVG diss to standar deviation; Contrib (%): the
percentage each species contributes to dissimilarities; Cum (%):

cumulative percent of total dissimilarity; Avg abund: average abun-
dance by shoreline type (is based on values in the Bray-curtis similarity
matrix and does not represent true abundance estimates); Unm Shor:
unmodified shorelines; Mod Shor: modified shorelines

Species Unm Shor Mod Shor Avg diss Diss/SD Contrib (%) Cum (%)
Avg Abund Avg Abund

Sparus aurata 1.47 0.91 5.2 1.26 11.7 11.7

Liza aurata 1.82 1.95 4.74 1.44 10.67 22.37

Liza saliens 2.29 1.58 4.65 1.33 10.47 32.84

Atherina boyeri 2.21 1.62 3.65 1.25 8.23 41.08

Aphanius iberus 1.19 0.46 3.62 1.68 8.15 49.23

Syngnathus abaster 1.34 0.94 3.09 1.52 6.95 56.18

Salaria pavo 0.91 0.69 3.02 1.16 6.81 62.98

Pomatoschistus marmoratus 2.37 2.86 3.01 1.38 6.79 69.77

Liza ramada 0.86 0.35 2.97 1.06 6.69 76.46
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Fig. 3 Principal coordinates
ordination plot of the sampling
sites, according to their species
community abundance. Vectors
represent the main species
affecting the observed
differences, according to
SIMPER analysis. Black
squares: modified shoreline;
grey circles: unmodified
shoreline

Fig. 4 Results of the principal
components analysis (PCA)
performed on environmental
variables matrix showing the
location of different fish species
according to Pearson
correlation coefficients and the
ecological meaning of each
component. The symbols 0, +,
and – in the first position within
brackets indicate no correlation,
significant (P<0.05) positive,
and significant negative
correlation, respectively, with
respect to PC1; while the same
symbols in the second position
represent the correlation with
respect to PC2
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A. iberus and L. saliens abundances were positively
correlated with PC1 (Pearson correlation test, r00.44,
P<0.001; Pearson correlation test, r00.34, P<0.001, respec-
tively) and negatively correlated with PC2 (Pearson correla-
tion test, r0-0.45, P<0.001; Pearson correlation test, r0-0.21,
P<0.05, respectively). They displayed higher abundance
values in shallow, muddy bottoms with high seagrass meadow
cover (Fig. 4). The abundance of S. abaster and A. boyeriwas
significantly correlated with PC1, with a positive relationship
(Pearson correlation test, r00.36, P<0.001, Pearson correla-
tion test, r00.29, P<0.01, respectively) indicating a strong
preference for vegetated bottoms (Fig. 4). Conversely, P.
marmoratus and L. aurata abundances were negatively cor-
related with PC1 (Pearson correlation test, r0-0.35, P<0.001;
Pearson correlation test, r0-0.20, P<0.05, respectively)
(Fig. 4). Moreover, P. marmoratus abundance was positively
correlated with PC2 (Pearson correlation test, r00.30, P<
0.01), exhibiting a clear preference for unvegetated sandy
bottoms (Fig. 4). The abundance of S. aurata was not signif-
icantly correlated with either of the two components (Pearson
correlation test PC1, r0-0.09, P00.29; Pearson correlation
test PC2, r0-0.12, P00.21). There was, however, a tendency
towards higher abundance of this species in shallow, muddy
bottoms (Fig. 4).

Discussion

In terms of abundance, the results show that the selected fish
species were predominant in the shallow littoral areas of the
Mar Menor. Since some of these species are important for
the local fishing industry, these areas take on a special
importance since they act as a nursery or feeding grounds
for marine migrant species and resident species which are of
commercial interest. Moreover, the littoral areas of the lagoon
provide refuge and essential habitats for endangered species
such A. iberus and S. abaster.

Previous studies on the impacts of human activities on
transitional waters such as estuaries, coastal lagoons and
saltmarshes have shown that shoreline development nega-
tively affects the biological communities inhabiting littoral
areas (Peterson et al. 2000; Silliman and Bertness 2003;
Sanger et al. 2004; Seitz et al. 2006; Bilkovic and Roggero
2008; DeLuca et al. 2008). The present study supports the
finding that shoreline modification as a consequence of
urbanisation and the maintenance of recreational beaches
produces significant changes in habitat structure, fish com-
munity structure and the relative abundances of several fish
species of the adjacent littoral zone.

These changes to fish fauna may be attributed to the
reduction of habitat complexity and, probably, to reduction
of secondary production and inputs of allocthanous materi-
als due to shoreline degradation and changes in land use

(Seitz et al. 2006; Bilkovic and Roggero 2008). The littoral
areas associated with recreational beaches showed an in-
creased water depth, higher substrata grain size and scarce
development of submerged vegetation. These beaches are
periodically maintained and regenerated, leading to a homo-
geneous sandy substrata and the burying and uprooting of
submerged vegetation. In contrast, substrata adjacent to salt-
marshes is heterogenous composed predominantly of fine
sediments (from mud to sand) with the presence of pebbles
and boulders. Substrata offshore of saltmarsh also support
well developed meadows of submerged vegetation (higher
cover and volume) made up mainly of the phanerogams C.
nodosa and R. cirrhosa and filamentous algae of the genera
Cladophora and Chaetomorpha.

Habitat complexity is one of the main environmental
factors influencing fish assemblages in estuaries and coastal
lagoons because complex habitats possess favourable con-
ditions that provide abundant food resources and refuge
against predators for the different stages of fish species
(Franco et al. 2006; Bilkovic and Roggero 2008; França et
al. 2009). Consequently, natural shorelines at Mar Menor
featured higher fish species richness and harboured higher
abundances of species like the pipefish S. abaster and the
endangered cyprinodontid A. iberus. The significant associ-
ation observed between the abundance of these species and
vegetated bottoms is due to the fact that they are habitat
specialists that develop their life cycles in seagrass meadows
(Franco et al. 2006; Oliva-Paterna et al. 2009). The former
species is mainly present in the seagrass meadows of C.
nodosa, and the latter mainly in R. cirrhosa meadows. The
saltmarshes of Lo Poyo, El Carmolí and La Hita, together
with their littoral habitats, constitute critical areas for the
conservation of natural populations of A. iberus in the Mar
Menor, and, to a certain extent, in its geographical distribu-
tion range. Although the abundance of the sand smelt A.
boyeri did not show significant differences between shore-
line types, this species was positively correlated with vege-
tated bottoms. This finding is partly explained by the
biology of A. boyeri, since it reproduces in the Mar Menor
during spring and early summer (Andreu-Soler et al. 2006)
by attaching its eggs to submerged vegetation (Fernández-
Delgado et al. 2000). Probably, this behaviour was reflected
in the substantially increased numbers of individuals caught
during summer in saltmarsh shorelines.

Recent studies have shown that food availability (e.g.
benthic infauna or organic matter inputs) in natural shore-
lines was higher than in modified ones (Seitz et al. 2006).
Moreover, it has been demonstrated that saltmarshes provide
abundant food resources for the earlier life stages of the
migrant fish (França et al. 2011). Hence, juvenile individuals
of marinemigrant species such as S. aurata and L. saliensmay
have benefitted from increased food resources at saltmarsh
shorelines. Higher water turbidity and shallowness could also
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provide better protection against predators resulting in a suit-
able nursery habitat for these commercially important fish
species (Franco et al. 2006; França et al. 2009). Verdiell-
Cubedo et al. (2007a) showed that juvenile individuals from
the Sparidae family (S. aurata, Diplodus spp. and Sarpa
salpa) were abundant in the seagrass meadows of the
Mar Menor, which are mainly associated with unmodified
shorelines.

In this study, the marbled goby P. marmoratus and the
mullet L. aurata were the dominant species in altered shore-
lines, showing a strong association with unvegetated sandy
bottoms. The former is a benthic and cryptic species which
is very abundant in the sandy habitats of some Mediterranean
coastal lagoons (Koutrakis et al. 2005; Franco et al. 2006;
Verdiell-Cubedo et al. 2008). It is interesting to note that L.
aurata showed an inverse pattern of habitat association to
that of L. saliens. Although these species are omnivorous,
the observed pattern could be due to the fact that L. saliens
feeds mainly on detritus (Verdiell-Cubedo et al. 2007b).
Thus, it displays higher abundances in shorelines adjacent
to saltmarshes, which arguably receive important allochtho-
nous organic matter inputs from marsh materials and seagrass
meadows.

It is worth pointing out that the cyprinodontid A. iberus
and the pipefish S. abaster also displayed high abundance
values in modified shorelines (mainly during summer). This
observation is likely due to the population dynamics of these
species, since their recruitment periods occur during warmer
months (May to September) (Verdiell-Cubedo 2009) and
young-of-the-year individuals could colonise the small
patches of submerged vegetation located in the marginal
habitats of altered shorelines (e.g. areas of low hydrodynam-
ics associated with breakwaters). These vegetated areas are
mainly composed of algal mats of filamentous algae, such as
Cladophora spp. and Chaetomorpha spp., and small patches
of R. cirrhosa, which display higher growth during the
warmer months. In addition, differences observed in winter
for S. abaster, with significantly higher abundances in salt-
marsh shorelines than in modified ones, were probably related
to observed changes in macrophyte species composition
between shoreline types and their associated seasonal cycles.
The dominance and persistence of C. nodosa meadows in
unmodified shorelines was reflected in the high cover values
of submerged vegetation during winter (see Table 2), which,
in turn, is reflected in the significantly increased numbers of S.
abaster caught in these areas.

The Mar Menor lagoon system has been affected by
large-scale anthropogenic disturbances, mainly related to
the substantial development of intensively irrigated agricul-
ture and an increase in population and urbanisation. The
results of the present study show that shoreline modification
negatively affects the habitat complexity of the adjacent
littoral bottoms, a situation which causes the loss of essential

habitats for numerous fish species, including those of com-
mercial and/or conservationist interest. Althoughmaintenance
of recreational beaches has become a tourist necessity in the
study area, sustainable management requires information on
the functioning of the concerned ecosystems, especially
an understanding of how vulnerable particular habitats,
communities and species are to different human coastal
activities (Nordstrom 2005; Seitz et al. 2006; Bilkovic
and Roggero 2008).

The conservation of habitat complexity and habitat het-
erogeneity within the littoral zone should be a primary aim
in the management plans of transitional waters that are
subjected to several types of shoreline human development.
Therefore, the preservation of areas with natural and near-
natural shorelines through protectionist policies and the
application of habitat restoration meassures (e.g. creation
and conservation of natural areas along modified shorelines)
should be a priority. It would be also necessary to develop
and evaluate alternative beach management practices and
technologies, and to incorporate diverse stakeholder inter-
ests into design and implementation of beach maintence
programmes, in order to minimize impacts on shallow water
habitats.
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