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SUMMARY: The present study investigates the seasonal variation in fish abundance, fish biomass, reproductive status and
population structure of four dominant benthic fish species. Salaria pavo. Pomatoschistus mamoratus. Gobius cobitis and
Gobius niger, in the shallow and littoral areas of the Mar Menor coastal lagoon. In addition, the seasonal habitat associa-
tions of each species were studied by assessing environmental variables related to the habitat structure: submerged vegeta-
tion cover, submerged vegetation density, water depth and substrate composition. The temporal variations in fish density,
standing stock and size frequency distributions of these species can largely be attributed to the seasonality of their breeding
and juvenile recruitment periods. Moreover, habitat associations for these species were similar to those obtained in other
Mediterranean and Atlantic coastal lagoons.
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RESUMEN: B1o0LOGiA POBLACIONAL Y ASOCIACIONES CON EL HABITAT DE LAS ESPECIES DE PECES BENTONICAS EN LAS
AREAS SOMERAS DE UNA LAGUNA COSTERA MEDITERRANEA (SE PENiNsuLA IBERICA). - En el presente estudio se investigaron
las variaciones estacionales de la abundancia, la biomasa, status reproductor y la estructura de la poblacion de cuatro especies
de peces bentonicos dominantes. Salaria pavo. Pomatoschistus mamoratus. Gobius cobitis y Gobius niger, en las zonas
someras y litorales de la laguna costera del Mar Menor. Ademas, se estudiaron las asociaciones con las variables del habitat:
cobertura y densidad de la vegetacion subacuatica, profundidad y tipo de sustrato, para cada una de las especies y en cada
estacion del afio. Las variaciones estacionales en la abundancia, la biomasa y la estructura por tallas de estas especies pueden
ser atribuidas a sus periodos de reproduccion y el reclutamiento de juveniles. Las asociaciones con las variables del habitat
para todas las especies fueron similares a las encontradas en otras lagunas costeras Mediterraneas y Atlanticas.

Palabras clave'. Mar Menor, habitats someros. Gobiidae, Bleniidae, densidad de peces, indice gonadosomatico.

INTRODUCTION

Coastal lagoons and estuaries play an important
role and have great value for fish communities as
spawning, nursery and feeding areas, pathways in di-
adromous migrations and even essential habitats for
threatened fish species (Elliott ef a/, 2007). Within
these areas fish assemblages usually vary seasonally

and spatially according to their life-history strategies
and habitat requirements (Drake et al, 2002; Akin et
al, 2005; Pombo et al, 2005; Pérez-Ruzafa et al,
2007).

Unfortunately, these systems are among the most
vulnerable aquatic environments in the world, being
subject to considerable anthropogenic pressures that
usually lead to changes in their biological well-being
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(Costa et al, 2007; Viaroli et cd, 2007). Knowledge
ofthe structure and functioning of fish communities
within these systems is thus important for manage-
ment purposes and habitat enhancement (Vasconce-
los etal, 2007).

In temperate coastal lagoons Gobiidae and Blen-
nidae families make up an important group of ben-
thic fishes in terms of both species richness and
abundance (Pérez-Ruzafa et al, 2004; Koutrakis et
al, 2005; Malavasi et al 2005; Franco et al, 2006,
Ribeiro et al, 2006). In the Mar Menor coastal la-
goon, the benthic fish assemblage is dominated by
these families and, at specific level, Pomatoschistus
mamoratus (Risso, 1810) (marbled goby), Gobius
cobitis Pallas, 1814 (giant goby), Gobius niger L.,
1758 (black goby) and Salaria pavo (Risso, 1810)
(peacock blenny) are among the most abundant spe-
cies (Barcala, 1999; Pérez-Ruzafa et ed, 2006). Al-
though these resident species are an important com-
ponent of the ichthyofauna of the shallow littoral
areas in the Mar Menor coastal lagoon (Oliva-Pa-
terna et al, 2006), little is known about their popu-
lation biology traits in these areas and only studies
of condition indices have been published recently
(Verdiell-Cubedo et ed, 2006a,b; Verdiell-Cubedo
etal, 2001).

Since the 1970s the Mar Menor has undergone
strong environmental changes following widening
ofthe channels that connect it to the Mediterranean
sea, which has caused a decrease in salinity from 50-
52 to the present levels of 39-45. Moreover, regular
and intermittent watercourses flow into the lagoon,
draining a large intensive agricultural area and lead-
ing to an high input of agrochemicals. Commercial
fisheries are supported by the lagoon, which is also
subject to intensive tourist development (Pérez-Ru-
zafa et al, 2005). Its coastline is densely populated
and affected by a variety of human activities (urban
development, the construction of marinas, artificial
beaches, etc.), although there are still some associat-
ed wetlands (industrial salt ponds and natural marsh-
lands) that have an important ecological and natural
value and have been given international and national
protection status (Martinez et al, 2005; Velasco et
al, 2000).

As part of a wider study to examine fish com-
munities of the shallow littoral areas of the Mar
Menor coastal lagoon, the objectives of this paper
were (1) to examine seasonal and spatial variations
in fish abundance, fish biomass, reproductive status
and population structure ofthese benthic fish species
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and (2) to analyse the relationship between fish spe-
cies density and environmental variables related to
habitat structure.

Apart from the scientific value of such a study,
there is an urgent need to gain quantitative informa-
tion on the population biology of fish communities
and their relationships with environmental factors in
coastal lagoons, in order to obtain appropriate evalu-
ations and recommendations for potential recovery
management programmes and, in the long run, to
determine whether habitat enhancement measures
make sense or environmental quality control of pol-
lution inputs will have to be dealt with as a manage-
ment priority.

MATERIALS 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-
4 m. It is separated from the Mediterranean Sea by
a 22 km-long sand bar called La Manga with three
narrow channels connecting it to the open sea. The
lagoon shows a salinity range of 39-45 and the tem-
perature varies from 10°C in winter to 32°C in sum-
mer (Pérez-Ruzafa et al, 2004). Its bottom is prin-
cipally covered by dense meadows of the invasive
macroalga Caulerpa prolifera, although the shal-
lowest areas are covered by scarce patches of the
phanérogame Cymodocea nodosa (Pérez-Ruzafa et
ed., 2005). The lagoon maintains a diverse fish com-
munity due to its environmental heterogeneity: un-
vegetated sandy and muddy bottoms, rocky bottoms
and seagrass beds composed of homospecific and
heterospecific meadows of C. nodosa and C. prolif-
era (Pérez-Ruzafa et al, 2000).

Shallow littoral areas (maximum depth <l m)
of the lagoon are characterised by soft substrates
(principally muddy and sandy bottoms) and isolated
patches of submerged vegetation (heterospecific and
homospecific meadows of C. nodosa and C. prolif-
era). The sampling sites were located along the whole
coastline of the lagoon to represent the diversity of
shoreline habitats within it: artificial or natural sandy
beaches associated with littoral urbanised areas and
shallow littoral areas, which still show an important
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degree of naturalness, associated with the adjacent
coastal wetlands protected by law (San Pedro indus-
trial salt ponds, La Hita salt marsh, El Carmoi! salt
marsh and Lo Poyo salt marsh) (Pérez-Ruzafa et al.,
2006; Conesa and Jiménez-Carceles, 2007).

Sampling methods

The sampling was carried out on a seasonal ba-
sis, during the summer (July) and autumn (Octo-
ber) of 2003, and the winter (February) and spring
(May) of 2004. A total of 16 sampling sites were
selected in the shallow littoral areas of the lagoon
(Fig. 1). Samples were collected using a 10 m-long
beach seine (2 nini mesh size), which allowed the
capture of juvenile fishes and adults of small-sized
species. We collected three to six replicates at each
ofthe 16 sampling sites by hauling 20 nr reaches of
shoreline at each site, the area covered by each haul
being approximately 160 m2 (minimum hauled area
per sampling site = 480 m2), with a total number of
263 samples taken.

After being anaesthetised, fish were preserved in
10% formalin solution and identified at species level
in the laboratory following Whitehead et al. (1986)
and Arias and Drake (1990).

The abundance and biomass of each species at
each sampling site within season was recorded and
expressed as fish density (number of individuals per
100 m2) and fish standing stock (grams of fish bio-
mass per 100 m2), respectively.

A total of 2706 individuals were measured for
total length (TL) to the nearest mm (905 specimens
of Salaria pavo, 653 of Gobius cobitis, 460 of G
niger and 588 of Pomatoschistus marmoratus). To-
tal weight (TW + 0.01 g), eviscerated weight (EW
+ 0.01 g) and gonad weight (GW + 0.001 g) were
measured in random sub-samples. The reproductive
status of each species, as revealed by gonadosomatic
index, was studied by analysing the variation in this
index (GSI = 100 GW / TW). “

According to the typical body size at maturity of
each species in the Mar Menor (Barcala, 1999; un-
published data), fish were classified into two groups:
juveniles (sexually inmature) and adult fishes. S
pavo fish larger than 4.5 cm, G. cobitis fish larger
than 6.0 cm, G. niger fish larger than 4.0 cm and P.
marmoratus fish larger than 2.4 cm were considered
as adult fishes.

Each sampling site was characterised by four en-
vironmental variables (quantified in each replicate

FIG. 1. - Geographical location of the Mar Menor coastal lagoon
and location of sampling sites in the shallow littoral areas.

of each sampling site) related to habitat structure:
water depth (cm), submerged vegetation cover (%),
submerged vegetation density and substrate compo-
sition (mud, sand, gravel, pebble and boulder). The
assessment of submerged vegetation cover and sub-
merged vegetation density was made visually, the
former recorded as the area percentage covered by
submerged vegetation in each replicate and the lat-
ter as an ordinate categorical variable from 0 (low
density of meadows) to 5 (high density of mead-
ows). Substrate types were categorised according to
Bain (1999) [mud (<0.06 mm), sand (0.06-1 mm),
gravel (2-15 mm), pebble (16-63 mm) and boulder
(>64mm)] and were estimated as percentage cover-
age within each replicate. The mean values of the
environmental variables in each sampling site are
given in Table 1.

Statistical analyses

Two-way factorial analysis of variance (ANO-
VA) was used to test for differences in the fish den-
sity and standing stock among sampling sites and
seasons. Both independent variables were consid-
ered as fixed factors. Fish density and standing stock
data were transformed to In (x + 1) in order to reduce
the heterocedasticity of the data. The level of signifi-
cance was set at p< 0.01 to minimise the chances of
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TaBLe 1. - Mean £ S.E. of the measured environmental variables at each sampling site during the study period in the shallow areas ofthe Mar
Menor coastal lagoon.

Sampling site Depth (cm) Submerged Submerged
Vegetation Vegetation
cover (%) density

1 (La Chanta) 54.5 +4.5 28.5 + 10.6 1.4 +0.5

2 (Tomas Maestre) 60.7 + 5.0 14.0 £7.2 09+04

3 (Los Aliseos) 48.0 + 4.7 8.7+62 0.6 £0.3

4 (El Vivero) 37.1 £4.5 13.6 £6.3 0.7 +£ 0.3

5 (Playa Arsenal) 482+ 52 12.7 +£4.1 0.9 +0.2

¢ (Las Lomas) 64.7 £ 5.6 10.6 £6.8 0.7+0.5

7 (Los Nietos) 54.6 £3.8 16.8 £ 5.1 0.8 +0.4

s (Lo Poyo) 37.4 £3.5 25.7 £7.1 1.5 £0.3

9 (Punta Brava) 39.7 £4.8 30.5 £7.8 1.6 £0.4

10 (E1 Carmoli) 30.4 +4.7 25.0 = 10.2 1.6 £0.7

11 (Cartagonovo) 42.8 £2.0 48.0 = 15.0 2.8 0.8

12 (Los Alcazares) 51.9 +6.4 255+ 11.8 12 £0.6

13 (La Hita) 353 +3.9 279 +7.5 1.4 +0.3

14 (Tres Marias) 52.8 £3.8 60.2 £7.5 3.1 £0.2

15 (Lo Pagan) 51.0 +3.8 103 +£ 5.5 0.7 + 0.3

16 (San Pedro) 46.6 + 5.7 38.5 + 8.7 2.0+ 04

Mud (%) Sand (%) Gravei (%) Pebble (%) Boulder {%/
1.7 +£0.9 87.0+ 1.6 110 £ 1.1 0.3 +£0.3 0
0 82.2+3.6 12.2 £3.0 3.6+ 19 2.0 £ 1.

1.0+ 1.0 79.0 £7.6 15.0 £5.5 37+ 15 13+ 13

8.8 £2.5 74.8 £3.7 11.0+ 14 4.0+ 1.5 1.4 £0.7
11.5+£7.2 70.3 £ 7.7 121 £ 1.5 4.6 £ 1.8 1.5+0.8
30+£19 743 £5.5 13.7 £3.9 6.7 £4.3 23+12
16.0 £5.0 69.0 £5.5 10.7 £2.1 4.0+ 1.7 03+03
40.0 £5.3 50.0 £4.6 9.0+0.9 1.0 £0.3 0
292+ 7.6 60.2 £ 5.0 9.8 £2.0 0.8 £0.6 0
39.2+7.2 48.3 £2.8 83 £3.0 42+ 1.4 0
31.5+£9.0 41.7 £5.9 17.7 £3.8 73£22 1.8 £ 1.8
22.0 £ 14.7 71.7 £ 15.1 5.0+ 0.7 1.3 £0.7 0
51.3 £9.5 37.5+7.7 94 +22 1.8 £0.8 0
433 + 13.3 442 £ 14.2 11.7 £ 1.8 0.8 0.8 0

6.0 £2.2 88.3 £2.1 52+04 0.5+0.2 0
15.1 £3.5 66.3 £4.1 123 £2.7 38+ 15 25+£12

Type I errors occurring (Underwood, 1997). Tukey’s
test was used for post hoc season comparisons when
significant differences were detected (p<0.01).

To explore patterns of association among the
environmental variables of the sampling sites, a
principal component analysis (PCA) was applied
to the correlation matrix for each sampling period
separately. To establish species-habitat relation-
ship the factors extracted by PCA were correlated
(Pearson’s correlation test) with fish density values
for each studied species (Quinn and Keough, 2002).
The correlation coefficients between the scores for
each sampling site and the fish density make it pos-
sible to represent the fish density 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
density variable to be characterised in relation to the
variables included in the analysis.

Prior to PCA, submerged vegetation cover and
substrate variables were arc-sine transformed. Only
those principal components (factors) with eigenval-
ues >1 were interpreted. The statistical analyses were
performed using the SPSS® statistical package.

RESULTS

A total of 25078 individuals of the studied spe-
cies were caught in the shallow areas of the lagoon.
The most abundant species, in terms of fish density,
was Pomatoschistus marmoratus, which represent-
ed 89.96% (mean fish density for the study period
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+ S.E.: 53.59+4.35 individuals/100 m2) of the total
catch. This species was followed by Salaria pavo
with 6.88% (mean fish density for the study period
+ S.E.: 4.10£0.80 individuals/100 m2) of the total
catch, while Gobius cobitis and G. niger represented
1.63% (mean fish density for the study period = S.E.:
0.97+0.23 individuals/100 m2) and 1.54% (mean fish
density for the study period £ S.E.: 0.92+0.17 indi-
viduals/100 m2) of the total catch, respectively. As
regards standing stock, P. marmoratus was also the
dominant species, representing 70.03% (mean stand-
ing stock for the study period + S.E.: 17.06£1.29
g/100 m2) of the total catch, while S. pavo, G. niger
and G. cobitis represented 13.83% (mean standing
stock for the study period + S.E.: 3.37+0.54 g/100
m2), 10.55% (mean standing stock for the study pe-
riod £ S.E.: 2.57£0.51 g/100 m2) and 5.59% (mean
standing stock for the study period = S.E.: 1.35+0.28
g/100 m2), respectively.

Studied species density and standing stock var-
ied considerably across the 16 sampling sites (Table
2). The sampling site effect was responsible for sig-
nificant differences in fish density and fish standing
stock for all species (Tables 3 and 4).

Figure 2 shows the mean seasonal fish density
and mean seasonal fish standing stock for each spe-
cies. The Tukey test revealed that for S. pavo and
G. cobitis their density and standing stock were sig-
nificantly higher in summer (Tables 3 and 4). The
G. niger density and standing stock did not differ
between autumn and spring, or between summer
and winter, although the first two seasons showed
significantly higher values than the latter (Tables 3
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TaBLE 2. - Mean = S.E. fish density (no. individuals/100 m2) and standing stock (g individuals/100 m2) ofthe species studied at each sampling
site during the study period.

Samplig site Salaria pavo

Pomatoschistus mamoratus

Gobius cobitis Gobius niger

Fish density Standing stock Fish density Standing stock Fish density Standing stock Fish density Standing stock

1 (La Chanta) 1.96 £ 1.05 1.48 £0.5 67.71 £ 1229 1835 +3.16 021 £o0.10 0.25 £0.12 033 £0.15 143 £0.73
2 (Tomas Maestre) 0.94 + 0.28 191 £0.76 60.04 £ 10.24 20.45 +4.43 2.99+093 3.19+0.75 0.28 £0.17 0.49 £0.33
3 (Los Aliseos) 1.8 +0.83 1.93 £0.94 127.5 £23.48 33.98 +6.79 2.29 + 1.18 1.95 £0.90 0.71 £0.27  1.46 £ 0.64
4 (El Vivero) 542 +£3.24 3.78 £2.18 37.71 £7.81 14.56 +3.57 4.94 £2 .41 6.22 +2.56 039 £0.13  1.02 £0.37
5 (Playa Arsenal) 1.1 *0.39 1.64 £0.64 4481 £ 12.54 1121 +2.28 0.38 £0.18  0.43 +0.19 098 £0.29 2.84 £ 1.13
6 (Las Lomas) 0.83 £ 0.31 3.80 £231 3521 £20.5 9.00 £3.26 0.13£0.09  0.73 + 0.62 0.13 £0.09 o0.22 £0.17
7 (Los Nietos) 2.38 £ 1.27 1.93 £0.83 53.04 £ 18.65 19.87 £5.91 0.33+£0.20 0.56 +0.31 1.75£0.90 6.51 £3.21
s (Lo Poyo) 0.58 £ 0.42  0.60 £0.44 71.67 £24.72 27.88 +£7.81 0 0 100 £0.59  3.53 £1.97
9 (Punta Brava) 1.64 £0.78 1.66 £0.71  49.32 £ 11.34 19.33 £3.76 0.28 £0.26  0.75 £ 0.70 1.72 £0.94 511 £2.51
10 (E1 Carmoli) 0.42 £0.27 1.44 £093 1323 £3.15 8.47 £2.30 0 0 537 %237 1594 %7.13
11 (Cartagonovo) 17.44 £9.83  12.55 £ 6.45 22.94 £ 1489 4.53 +2.02 0.25 £0.14  0.63 £0.35 .13 £0.62 219 % 1.18
12 (Los Alcazares)12.50 + 7.14 7.37 £3.01 30.76 £ 12.15 580+ 1.60 0.22 o0.11 0.86 = 0.53 0.58 £ 0.6 0.39 £0.19
13 (La Hita) 7.46 * 3.94 495+ 1.57 78.13 £28.14 28.38 £9.04 0.16 £0.12 0.19 £0.13 121 £046 201 £0.85
14 (Tres Marias) 38.42 + 11.41 28.60 = 10.77 8.54 £ 5.79 1.34 £0.80 0 0 0 0

15 (Lo Pagan) 1.ss £ 1.52 0.94 £0.62 72.84 £ 1741 21.44 £4.92 0.03 £0.03  0.09 +0.09 0.03+£0.03 o0.12 £0.12
16 (San Pedro) 0.97 £ 0.57 1.48 £0.99 40.56 £ 14.22 12.57 +4.28 1.41 £0.58  3.16 + 1.64 0.09 +£0.07 0.38 £0.27
TasLe 3. - Results of two-way factorial analysis of variance per- TasLe 4. - Results of two-way factorial analysis of variance per-

formed on the fish density [In (no. individuals/i 00 m2)] of the stud-

ied species using season and sampling site as fixed factors. Results

of Tukey (HSD) test for season comparisons are also shown (su =

summer; au = autumn; wi = winter; sp = spring). Levels of signifi-
cance: ns. not significant; **p<o .01 ; ***p<o 001

Species df F Tukey (HSD)
S. pavo

Season 3 61.96%** su>au = wi=sp
Sampling site 15 5.04%**

Season x Sampling site 41 1935

Error 203

P. mamoratus

Season 3 3.18ns

Sampling site 15 Qa***

Season x Sampling site 41 1.75%*

Error 203

G. cobitis

Season 3 15.06%** su>au = wi=sp
Sampling site 15 Saar

Season x Sampling site 41 2.04%*

Error 203

G. niger

Season 3 36.56%** au = sp > su = wi
Sampling site 15 5.38%**

Season x Sampling site 41 2.50%**

Error 203

and 4). Finally, P. marmoratus density did not differ
between seasons, while its standing stock was sig-
nificantly lower in summer (Tables 3 and 4).

The season x sampling site interaction was also
significant for all cases, except for S. pavo density,
which underlines the high spatial variability of fish
density and fish standing stock across all seasons
(Tables 3 and 4).

The GSI for P. marmoratus and G. niger peaked
in spring, although P. marmoratus also showed a

formed on the fish standing stock [In (g individuals/100 m2)] of the
studied species using season and sampling site as fixed factors. Re-
sults of Tukey (HSD) test for season comparisons are also shown
(su = summer; au = autumn; wi = winter; sp = spring). Levels of
significance: ns. not significant; **p<o.o1; ***p<o.001.

Species df F Tukey (HSD)
S. pavo

Season 3 31.22%**  su>sp=au>wi
Sampling site 15 3.38%**

Season x Sampling site 41 1.42ns

Error 203

P. mamoratus

Season 3 16.03***  au = wi = sp > su
Sampling site 15 3 il

Season x Sampling site 41 2.06%*

Error 203

G. cobitis

Season 3 6.04** su > au = wi = sp
Sampling site 15 4 g 5w

Season x Sampling site 41 L9[s*

Error 203

G. niger

Season 3 36.06*%**  au = sp>su=wi
Sampling site 15 5.46%%*

Season x Sampling site 41 2.53%**

Error 203

relatively high GSI during winter. On the other hand,
G. cobitis showed a peak during winter and S. pavo
during summer (Fig. 3).

It is worth pointing out the higher densities of S.
pavo, P. marmoratus and G. cobitis juvenile fishes
captured during summer (Fig. 4). In this season, ju-
veniles represented 83.5% (1365 individuals), 46.3%
(3978 individuals) and 94.7% (498 individuals) of
total captures for each species, respectively. On the
other hand, G. niger juveniles were present mainly

SCI. MAR., 72(2), June 2008, 319-328. ISSN 0214-8358
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FIG. 2. - (a) Mean fish density + S.E. [In (no. individuals/100 m2)] and (b) mean fish standing stock = S.E. [In (g individuals/100 m2)] of the
studied species within season.
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Seasonal mean + S.E. gonadosomatic index of males and females of the studied species: (a) Salaria pavo (males = 213, females
125), (¢) Gobius cobitis (males = 59. females = 80). (d) Gobius niger

(males = 84. females =63 ).

during autumn, when they represented 24.1% (39
individuals) of total captures in this season for this
species (Fig. 4).

Figure 5 shows the PCA analysis performed on
the habitat variables for each season, and the posi-
tion of the studied species according to the PCA
scores. Each seasonal analysis determined two prin-
cipal components, which explained 65.5-71.2% of

SCI. MAR., 12(2). June 2008, 319-328. ISSN 0214-8358

the variation in environmental variables. As shown
in Figure 5, PCI could be interpreted as a gradient
from unvegetated sandy and deeper bottoms on the
left part of the diagram, to shallow, muddy and well
vegetated bottoms on the opposite side. PC2 was re-
lated to the presence of large substrate types (mainly
pebbles and boulders). This situation changed in
spring, when the right part of the diagram was re-
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lated to bottoms with high structural complexity and
PC2 distinguished between sandy and muddy bot-
toms.

The density of S. pavo and G. niger was mainly
positively correlated with PCI in all seasons, with
a significant relationship in summer (r = 0.67, p<
0.001) for S. pavo and for G. niger in autumn (r =
0.47, p< 0.05) and winter (rp= 0.45, p< 0.05 ). The
highest density of S pavo during summer (38.44 in-
dividuals/100 m2) was obtained at the Tres Marias
sampling site, which showed a well-developed
mixed meadow of Cymodocea nodosa and Caulerpa
prolifera and muddy bottoms (Table 1). Gobius ni-
ger densities were highest at shallow sampling sites
with muddy and well-vegetated bottoms (Table 1).
El Carmoi! and Cartagonovo sampling sites showed
the highest values with 10.21 individuals/100 m2and
1.56 individuals/100 m2 during autumn and winter,
respectively.

Conversely, G. cobitis density was mainly posi-
tively correlated with PC2, with a significant rela-
tionship in summer (r = 0.39, p< 0.05) and winter
(r =0.51, p< 0.05). El Vivero and Las Lomas sam-
pling sites showed coarse substrate types (Table 1)
and the highest densities of G. cobitis during sum-
mer (14.27 individuals/100 m2) and winter (0.63
individuals/100 m2), respectively. It is worth noting
the absence of G. cobitis at Lo Poyo, El Carmoi! and
Tres Marias sampling sites during the study period
and, conversely, the higher abundance of'this species
at the sampling sites located in La Manga: Tomas
Maestre, Los Aliseos and El Vivero (Table 2).

In general, P. marmoratus was located around
the origin of the axes in all seasons and showed no
significant correlation with any of the considered
factors, except in summer when this species showed
anegative and significant relationship with PCI (r =
-0.58, p< 0.001). During this season the highest den-
sity of P. marmoratus (170.21 individuals/100 m2)
was obtained at Los Aliseos sampling site, which
was characterised by relatively unvegetated and
deeper bottoms (Table 1).

DISCUSSION

Pomatoschistus marmoratus was clearly the
dominant species in terms of fish density and stand-
ing stock in the shallow areas of the lagoon, which
agrees with other studies on fish assemblages in
Mediterranean coastal lagoons and estuaries (Louda
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et al, 1993; Berrebi et al, 2005; Koutrakis et al,
2005 ; Malavasi et al, 2005) and with recent work on
the Mar Menor lagoon (Pérez-Ruzafa et al, 2006),
where this species was seen to be very important in
the make-up of benthic fish assemblages. As sug-
gested by Berrebi ef al. (2005) and Malavasi et al.
(2005), the higher abundance of P. marmoratus in
the Mar Menor could be explained by its sedentary
nature and low level of habitat preferences. Moreo-
ver, it could be favoured by the relatively stable and
higher salinity of the lagoon (>40) (Berrebi et a/,
2005; Malavasi et al, 2005). This species showed
a relatively homogeneous density throughout the
study period, although the lower standing stock
values observed in summer could be related to its
recruitment period and the presence of smaller and
juvenile individuals.

In contrast, the rest of the species studied showed
a significant seasonal variation in their density and
standing stock. A similar seasonal variation in fish
density and standing stock was recognisable for Sal-
aria pavo and Gobius cobitis (although S. pavo was
more abundant than G. cobitis), both species show-
ing higher values during summer, mainly due to the
recruitment of juvenile fishes, and very low values
during the other seasons. These results coincide with
those presented by Malavasi efa/ (2005) and Pranco
et al (2006) for the Venice lagoon, and suggest that
these species mainly use the shallow and littoral ar-
eas of the lagoon as recruitment and refuge grounds
for juvenile individuals.

The temporal patterns of G. niger in the shal-
low areas also coincide with observations made in
the Venice lagoon and the Ria de Aveiro lagoon, the
increase in density and standing stock in autumn be-
ing related to the recruitment season and the second
peak (spring) to the breeding period (higher GSI
values) (Arruda et al, 1993; Malavasi et a/, 2005;
Pranco et al, 2006). Unlike S. pavo and G. cobitis,
G. niger seems to use the shallow areas ofthe lagoon
for reproductive purposes. This situation was prob-
ably due to the habitat requirements for reproduc-
tion of this species: males build nest under stones
and defend and take care of the eggs deposited by
the females (Barcala, 1999). The presence of a dense
monospecific meadow of the invasive macroalga
Caulerpa prolifera, which covers the whole central
area ofthe lagoon, could force G. niger breeding in-
dividuals to migrate toward littoral shallow areas in
search of suitable bottoms for reproduction.

The temporal variation in GSI suggests a pro-
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longed breeding period for P. marmoratus, with
maximum GSI values in spring, which agrees with
other studies on this species (Malavasi et al., 2005)
and contrasts with results presented by Fouda et al.
(1993) in Lake Timsah (Egypt), where the highest
GSI values were obtained in winter. The GSI values
of G. cobitis peaked in winter and decreased slightly
in spring, its breeding season being slightly earlier
than Atlantic populations, which reproduce in late
spring (Gibson, 1970). These intraspecific variations
in GSI were probably due to differences in water
temperature to which the different populations were
exposed (Gili et al, 1996). The breeding period of
Salaria pavo was shifted to summer, which is con-
sistent with the results presented by Patzner (1983)
and Almada et a/ (1994) in Mediterranean and At-
lantic populations, respectively.

The results concerning habitat associations in the
shallow areas of the lagoon are similar to those ob-
tained in other coastal lagoons, where S. pavo and
G. niger are typical species of the seagrass mead-
ows and G. cobitis ofthe unvegetated sandy bottoms
(Malavasi et al, 2005; Franco et al, 2006; Ribeiro
etal, 2006). They also agree with those obtained by
Pérez-Ruzafa et al (2006) in the Mar Menor, where
S. pavo and G. niger were more frequent on bottoms
covered by Caulerpa prolifera meadows, while G.
cobitis was more frequent on natural rocky bottoms
and breakwaters. The absence of G. cobitis at Lo
Poyo, El Carmoi! and Tres Marias sampling sites
and, conversely, the higher abundance of'this species
at the sampling sites located in La Manga can be at-
tributed to the absence of artificial structures (rocky
breakwaters and dikes) at the former sampling sites
and its higher abundance and the presence of coarse
substrate types (pebbles and boulders) at the latter,
which could favour colonisation by G. cobitis (Pé-
rez-Ruzafa et al, 2006).

Malavasi et a/ (2005) showed that P. marmora-
tus was, in terms of habitat requirements, a gener-
alist species. The results presented here point to a
similar situation except in summer, when this spe-
cies showed a strong association with unvegetated
sandy and deeper bottoms. This abundance pattern
coincides with results presented by Pérez-Ruzafa et
al (2006) and Franco et al (2006), who showed that
P. marmoratus was more abundant on sparsely and
unvegetated sandy bottoms. As suggested by Mal-
avasi et al. (2005), this situation was probably due—
in addition to its morphological adaptations—to the
competitive effects of the territorial and aggressive

behaviour of individuals of larger goby species. In
summer, the shallow areas of the Mar Menor are
inhabited by high densities of juvenile fishes of G
cobitis and S. pavo, so competition with such species
could force P. marmoratus individuals to search for
unvegetated and deeper bottoms. In fact, recent stud-
ies dealing with the somatic condition of'this species
suggest that interspecific competition can negatively
affect P. marmoratus individuals (Verdiell-Cubedo
etal, 2007).

In conclusion, the temporal patterns of variation
in fish density and standing stock ofthe species stud-
ied in the shallow and littoral areas ofthe Mar Menor
can be attributed, for the most part, to the seasonality
oftheir breeding and juvenile recruitment periods. In
addition, habitat associations for these species were
similar to those obtained in other Mediterranean and
Atlantic coastal lagoons.

ACKNOWLEDGEMENTS

The authors are grateful to Asuncion Andreu,
Pedro A. Mifnano, Antonio Garcia and members
of the Department of Zoology of the University of
Murcia for help in field sampling and laboratory
processing, and to Philip Thomas for the English re-
vision. We also acknowledge the comments of two
anonymous reviewers which have greatly improved
the manuscript. Part of this research was supported
by the Environmental Service of the Autonomous
Government of Murcia, Spain.

REFERENCES

Akin. S.. E. Buhan, K.O. Winemiller and H. Yilmaz. - 2005. Fish
assemblage structure of Koycegiz Lagoon-Estuary, Turkey:
spatial and temporal distribution patterns in relation to environ-
mental variation. Est. Coast. ShelfSei.. 64: 671-684.

Almada. V.C., E.J. Gongalves, A.J. Santos and C. Baptista. - 1994.
Breeding ecology and nest aggregations in a population of Sal-
aria pavo (Pisces: Blenniidae) in an area where nest sites are
scarce. J. Fish Biol. 45: 819 - 830.

Arias, A.M. and P. Drake. - 1990. Estados alevines y juveniles de
la ictiofauna en los cafios de las salinas de la bahia de Cadiz.
Instituto de Ciencias Marinas de Andalucia. CSIC. Junta de
Andalucia.

Arruda, L.M., J.N. Azevedo and A.l. Neto. - 1993. Abundance,
age-structure and growth, and reproduction of gobies (Pisces;
Gobiidae) in the Ria de Averio lagoon (Portugal). Est. Coast.
ShelfSei.. 37: 509-523.

Bain. M.B. - 1999. Substrate. In: M.B. Bain and N.J. Stevenson
(eds.). Aquatic habitat assesment: common methods, pp. 95-
100. American Fisheries Society. Bethesda, Maryland.

Barcala, E. - 1999. Estudio ecolégico de la ictiofauna bentonica del
Mar Menor. Ph. D. thesis. Univ. Murcia.

Berrebi. P.. P. Rodriguez. J.A. Tomasini, G. Cattaneo-Berrebi and
A.J. Criveili. - 2005. Differential distribution ofthe two cryptic

SCI. MAR., /2(2). June 2008, 319-328. ISSN 0214-8358



328 « D. VERDIELL-CUBEDO et cd

species. Pomatoschistus microps and P. mamoratus, in the
lagoons of southern France, with an emphasis on the genetic
organisation of P. microps. Est. Coast. ShelfSei.. 65: 708-716.

Conesa, HM. and F.J. Jiménez-Carceles. - 2007. The Mar Menor
lagoon (SE Spain): A singular ecosystem threatened by human
activities. Mar. Pod. Bud.. 54: 839-849.

Costa. M.J.,, J.L. Costa and H.N. Cabral. - 2007. Preface. Hydro-
biologia. 587: 1-4.

Drake. P.. A.M. Arias, F. Baldo, J.A. Cuesta. A. Rodriguez. A.
Silva-Garcia, 1. Sobrino. D. Garcia-Gonzalez and C. Fernandez-
Delgado. - 2002. Spatial and temporal variation of the nekton
and hyperbenthos from a temperate European estuary with
regulated freshwater inflow. Estuaries. 25(3): 451-468

Elliott) M.. A.K. Whitfield. I.C. Potter. S.J.M. Blaber, D.P. Cyrus.
F.G. Nordlie and T.D. Harrison. - 2007. The guild approach to
categorize estuarine fish assemblages: a global review. Fish ancl
Fisheries. s : 241-268.

Fouda, M.M., M.Y. Hanna and Fouda F.M. - 1993. Reproductive
biology of a Red Sea goby. Silhouettea aegyptia, and a Medi-
terranean goby. Pomatoschistus mamoratus, in Lake Timsah,
Suez Canal. J. Fish Biol.. 43: 139 - 151.

Franco. A.. P. Franzoi, S. Malavasi. F. Riccato and P. Torricelli. -
2006. Fish assemblages in different shallow water habitats of
the Venice lagoon. Hydrobiologia, 555: 159-174.

Gibson. R.N. - 1970. Observations on the biology ofthe giant goby
Gobius cobitis Pallas. J. Fish Biol.. 2: 281-288.

Gili, H.S., B.S. Wise. I.C. Potter and J.A. Chaplin. - 1996. Biannual
spawning periods and resultant divergent patterns of growth in
the estuarine goby Pseudogobius olorum’, temperature induced?
Mar. Biol, 125: 453-466.

Koutrakis, E.T., A.C. Tsikliras and A.I. Sinis. - 2005. Temporal
variability of the ichthyofauna in a Northern Aegean coastal
lagoon (Greece). Influence of environmental factors. Hydrobio-
logia, 543: 245-257.

Malavasi. S.. A. Franco. R. Fiorin, P. Franzoi. P. Torricelli and D.
Mainardi. - 2005. The shallow water gobiid assemblage of the
Venice Lagoon: abundance, seasonal variation and habitat par-
titioning. J. Fish Biol.. 67: 146 - 165.

Martinez. J.. M.A. Esteve, F. Robledano, M.T. Pardo and M.F. Car-
refio. - 2005. Aquatic birds as bioindicators of trophic changes
and ecosystem deterioration in the Mar Menor lagoon (SE
Spain). Flydrobiologia. 550: 221-235.

Oliva-Paterna, F.J., A. Andreu, P.A. Mifano, D. Verdiell-Cubedo.
A. Egea. J.A. de Maya. A. Ruiz-Navarro, J. Garcia-Alonso, C.
Fernandez-Delgado and M. Torralva. - 2006. YOY fish species
richness in the littoral shallows ofthe mesosaline coastal lagoon
(Mar Menor, Mediterranean coast of the Iberian Peninsula). J.
Appl. Ichthyol.. 22: 235-237.

Patzner, R.A. - 1983. The reproduction of Blenniuspavo (Teleostei.
Blenniidae). 1. Ovarian cycle, environmental factors and feed-
ing. Helgol. Meeresunters.. 36: 105-114.

Pérez-Ruzafa. A.. J.I. Quispe-Becerra, J.A. Garcia-Charton and
C. Marcos. - 2004. Composition, structure and distribution of
the ichthyoplankton in a Mediterranean coastal lagoon. J. Fish
Biol. 64: 202-218.

Pérez-Ruzafa. A.. C. Marcos and J. Gilabert. - 2005. The ecology of
the Mar Menor coastal lagoon: a fast changing ecosystem under

SCI. MAR., 12(2), June 2008, 319-328. ISSN 0214-8358

human pressure. In: LE. Goneng and J.P. Wolflin (eds.). Coastal
lagoons. Ecosystem processes ancl modelling for sustainable
use ancl development, pp. 392-422. CRC Press. Boca Raton.

Pérez-Ruzafa. A.. J.A. Garcia-Charton. E. Barcala and C. Marcos.
- 2006. Changes in benthic fish assemblages as a consequence
of coastal works in a coastal lagoon: The Mar Menor (Spain.
Western Mediterranean). Mar. Poll. Bull. 53: 107-120.

Pérez-Ruzafa. A.. C. Marcos. .M. Pérez-Ruzafa. E. Barcala. M.I.
Hegazi and J. Quispe. - 2007. Detecting changes resulting from
human pressure in a naturally quick-changing and heterogene-
ous environment: spatial and temporal scales of variability in
coastal lagoons. Est. Coast. ShelfSei.. 75: 175-188.

Pombo, L.. M. Elliott and J.E. Rebelo. - 2005. Environmental influ-
ences on fish assemblages distribution of an estuarine coastal
lagoon. Ria de Aveiro (Portugal). Sei. Mar., 69(1): 143-159.

Quinn. G. and M. Keough. - 2002. Experimented design ancl
elata analysis for biologists. Cambridge University Press.
Cambridge.

Ribeiro, J.. &. Bentes, R. Coelho, J.M.S. Gongalves, P.G. Lino. P.
Monteiro and K. Erzini. - 2006. Secasonal, tidal and diurnal
changes in fish assemblages in the Ria Formosa lagoon (Portu-
gal). ‘Est. Coast. ShelfSei, 67: 461-474.

Underwood. AJ. - 1997. Experiments in Ecology. The Logical De-
sign ancl Interpretation Using Analysis of Variance. Cambridge
University Press. Cambridge.

Vasconcelos. R.P., P. Reis-Santos, V. Fonseca. A. Maia. M. Ruano,
S. Franga, C. Vinagre. M.J. Costa and H. Cabral. - 2007. As-
sessing anthropogenic pressures on estuarine fish nurseries
along the Portuguese coast: A multi-metric index and concep-
tual approach. Sei. Toted Environ., 374: 199-215.

Velasco. J., J. Lloret, A. Miflan, A. Marin. J. Barahona, P. Abelian
and D. Sanchez-Femandez. - 2006. Nutrient and particulate
inputs into the Mar Menor lagoon (SE Spain) from an intensive
agricultural watershed. Water Air Soil Pollui., 17: 37-56.

Verdiell-Cubedo. D.. F.J. Oliva-Paterna and M. Torralva. - 2006a.
Condition of Gobius cobitis (Pallas, 1811) juveniles in the Mar
Menor coastal lagoon (SE Iberian Peninsula): Effects of inter-
and intraspecific fish competition. Sei. Mar., 70(2): 303-310.

Verdiell-Cubedo. D.. F.J. Oliva-Paterna and M. Torralva. - 2006b.
Condition of Salaria pavo in the Mar Menor coastal lagoon (SE
Iberian Peninsula): potential influence of environmental vari-
ables on juveniles. J Appl. Ichthyol, 22: 407-413.

Verdiell-Cubedo. D.. F.J. Oliva-Paterna and M. Torralva. - 2007.
The effects of competitors on fitness of marbled goby Poma-
toschistus mamoratus (Pisces: Gobiidae) in the Mar Menor
coastal lagoon (SE Iberian Peninsula). lted. J. Zool, 74(2):
169-177. «

Viaroli, P.. P. Lasserre and P. Campostrini. - 2007. Preface. Hyd-
robiologia, 577: 1-3.

Whitehead. P.J.P., M.L. Bauchot, J.C. Hureau, J. Nielsen and E.
Tortonese. - 1986. Fishes ofthe North-eastern Atlantic ancl die
Mediterranean vol. III. Unesco. Bungay.

Scient, ed.: A. Sabatés.
Received March 22. 2007. Accepted January 22. 2008.
Published online April 14. 2008.



