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Abstract The Mediterranean coast holds a wide and rich va-
riety of wetlands, some of which are protected by international
laws, but at the same time have been historically subjected to
threatening activities such as agriculture, pollution and aquifer
overexploitation. As part of a conservation and restoration
project at the Marjal dels Moros coastal wetland (Eastern Ibe-
rian Peninsula) we initiated investigations to begin to charac-
terise aquatic environments, and evaluate changes in the sys-
tem experienced in recent times. To this aim, we collected four
seasonal samples at seven points of the Marjal dels Moros
wetland, varying in salinity, permanence and other environ-
mental conditions, and studied the recent past (early modern
to contemporary remains) and present (living) communities of
Ostracoda. We found relatively poor species richness overall,
possibly related to the brackish and seasonal character of large
parts of the wetland. Of the seven species encountered the
most common ostracods were tolerant to these stressing con-
ditions: Heterocypris salina, Sarscypridopsis aculeata,
Ilyocypris gibba and Cypridopsis vidua. A comparison of
dead and living assemblages showed no significant differ-
ences, suggesting that the overall ostracod metacommunity
was resilient to the perturbations experienced in the area, de-
spite some particular locations recording notable shifts in their
communities during the sampling period.
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Introduction

Spatial patterns in the distribution of aquatic invertebrates are
strongly related to the environmental conditions of the habitat
(e.g. Cottenie 2005; De Bie et al. 2012), and freshwater Os-
tracods are not an exception (Mesquita-Joanes et al. 2012).
However, it is sometimes hard to ascertain these niche effects
in small-scale areas with strong dynamics in environmental
changes, such as temporary ponds in coastal wetlands, which
are frequently affected by disturbances of anthropogenic and
natural origin. In this sense, ostracods are useful to understand
such dynamics, as we can compare their past assemblages
with the living community and detect recent changes in habitat
traits (Poquet et al. 2008; Valls et al. 2013).

Ostracods are microscopic crustaceans encased by two cal-
cified valves. They can occur in most aquatic ecosystems,
including lakes, ponds, streams, rivers, estuaries and oceans.
The distribution of non-marine ostracods is mainly influenced
by temperature, salinity, ionic composition, type of substrate,
macrophyte coverage, flow velocity, nutrients, depth and dis-
persal vectors (Meisch 2000). Ostracod shells of past times
remain in the taphocoenoses and therefore serve as
proxies to understand the environmental evolution of
impacted wetlands (Ruiz et al. 2003; Marco-Barba
et al. 2013), and isotopical ratios from ostracod shells provide
a consistent way to determine salinity, hydrological and car-
bon cycle changes (Durazzi 1977; Xia et al. 1997; Von
Grafenstein et al. 1999). Moreover, ostracods can be used
as sentinels of human impact in freshwater ecosystems
(Allen and Dodson 2011; Ruiz et al. 2013). Hence, their
calcareous shells are considered to have an excellent
potential as (paleo-)environmental indicators. Past as-
semblages can therefore be compared with modern com-
munities, allowing understanding the ecological setting
of past environments (Griffiths and Holmes 2000).
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Previous works at the Eastern Iberian Peninsula have de-
scribed how anthropogenic impacts transformed natural wet-
lands by modifying environmental conditions (Poquet et al.
2008) or by introducing exotic species (Escrivà et al. 2012).
Here, we focus our interest on a highly impacted wetland in
the Western Mediterranean, the Marjal dels Moros, which has
been historically affected by environmental degradation, agri-
cultural management and seawater intrusion (Navarro 1989;
Bordás-Valls et al. 1999, Bohigues 2001). Understanding the
past and present environmental status in this coastal wetland is
a key factor by which to initiate integrated and efficient man-
agement decisions.We describe the present ostracod biodiver-
sity and ecology in Marjal dels Moros, a protected coastal
wetland in Valencia (E. Spain) in relation to environmental
conditions, and compare living with dead (recent) assem-
blages in order to test for metacommunity shifts during the
past decades as a response to human impacts. Chemical and
biological characteristics were explored to search for explana-
tions of ostracod distributions. In addition, valves preserved in
taphocoenoses were also examined to understand the environ-
mental changes experienced in recent historical periods. Stud-
ies of this type may constitute a basic tool to understand
metacommunity responses to human impacts in coastal wet-
lands during the last century.

Materials and Methods

TheMarjal delsMoros wetland covers 300 ha and is located in
the Eastern Iberian Peninsula. Water inputs are from rain,
waste-water, wells (extracted with pumps) and seawater intru-
sions (Fig. 1). The basal Plio-Quaternary sediment deposits
transported by seasonal streams originating in the Calderona
Mountains from the West, together with sedimentation from
Palància River from the North, mark the initial evolution of
this wetland in the Holocene (Sanchis and Ferri 1997; Cuesta
2001). Historical studies confirm the presence of Roman and
Muslim populations and activities in the area between the 1st
and 13th centuries, which involved building an irrigation net-
work in the Marjal dels Moros (Box 1991, Sanchis and Ferri
1997), later modified but still apparent in the wetland (Fig. 1),
the first evidence of anthropogenic impacts in the zone. Hu-
man settlement and agriculture (mainly ricefields) increased
during the HighMiddle Ages, but fell of between the 14th and
17th centuries because of health-related governmental rules
against rice culturing, and then increased again until the late
20th century (Cavanilles 1795; Gómez et al. 1988; Sanchis
and Ferri 1997; Box 1991; Bohigues 2001). Moreover, salt
extractions and hunting activities were common in the pre-
industrial period (Bohigues 2001). In recent decades, pollution

Fig. 1 Map of the Marjal dels
Moros wetland. Asterisks: sample
points; Circles: Water wells;
Arrows: Water inputs from a near
wastewater treatment plant;
Dashed lines: irrigation network;
Double lines: road tracks; Single
lines: remains of limits of old
agricultural fields; Pale gray
colour: (temporary) inundated
zones
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by (steel) industry, waste-water, aquifer overexploitation and
introduction of exotic species were the main impacts that af-
fected this wetland (Box 1991; Sanchis and Ferri, 1997; Cuesta
2001; Sancho 2001). Presently, it is part of the Natura 2000
Network, having been declared a Special Protection Area
(SPA) in 1996, mainly due to the presence of endemic endan-
gered fishes such as Aphanius iberus (Cuvier and Valenciennes
1846) and Valencia hispanica (Cuvier and Valenciennes 1846),
crustaceans such asPalaemonetes zariquieyi Sollaud, 1939 and
a high diversity of birds (Roure 2001).

Benthic samples were collected seasonally from autumn
1997 through to summer 1998 using hand nets in seven points
of the wetland (unless they were dry). Sites were selected on
the basis of distance to the sea, hydroperiod and other envi-
ronmental conditions (Fig. 1, Table 1). Invertebrate samples
were stored in 10 % formaldehyde. At the same time, physical
and chemical data were also collected (temperature, conduc-
tivity, salinity, dissolved oxygen concentration and pH) with
portable probes (VWR® EC300, WTW® Oxi 330i and
VWR™ SympHony).

Although no dating was obtained from the sediment sub-
strate sampled with the hand net, we estimate that it could
encompass ostracod remains averaged over a maximum peri-
od of some decades to a few hundreds of years. Sedimentation
rates in coastal Mediterranean wetlands in the area (e.g. Lake
Albufera, Pego-Oliva wetland) have been established to vary
from about 0.1 to 1.0 mm y−1 (Sanjaume et al. 1992; Torres
et al. 2013; Carmona and Ruiz, 2014). As we sampled the first
few centimeters of pond bottom surface with a hand net, as-
suming a maximum sediment depth sampled of around 2–
3 cm, the oldest age of the ostracod remains analyzed can be
estimated to be of about 20 to 300 years. As many of the sites
sampled are temporary, when they dry out the sediment is
exposed to the climatological conditions. In these circum-
stances, wind erosion during summer might reduce sedimen-
tation rates and consequently increase the age window of the
obtained remains up to the highest estimated values, but these
can be highly variable among sites. Also, wind could remove
and mix assemblages from different time intervals.

In the laboratory, aquatic macroinvertebrates were identi-
fied following Meisch (2000) for ostracods and Tachet et al.
(1981) for other invertebrates. Living and dead ostracods were
handpicked, identified and counted under a stereomicroscope,
until at least 200 individuals were collected or alternatively all
of them when samples contained a lower number. Selected
valves of each species were attached to a double-sticky tape
on an aluminum stub and coated with Au-Pd. A Philips XL-30
scanning electron microscopy (SEM) at the University of Va-
lencia was used to take photographs of the ostracod valves.

Invertebrate Shannon diversity (H’) was calculated for each
sample. Binary multivariate logistic regression was performed
to check for effects of environmental conditions on the presence
of living ostracods using the SPSS program v19.0 (IBM 2010).
Analysis of Similarities (ANOSIM)was carried out to check for
differences in ostracod communities between seasons and be-
tween bio- and taphocoenoses, as a means to test for significant
differences between (recent) past and present ostracod commu-
nities. Bray-Curtis distances were used in ANOSIM,which was
carried out with the software PAST (Hammer et al. 2001). Os-
tracod biocoenoses data were initially ordinated by detrended
correspondence analysis (DCA) to estimate the gradient length,
and redundancy analysis (RDA) was performed afterwards to
investigate the relationship between ostracod species and envi-
ronmental variables. Principal component analysis (PCA) was
carried out to compare ostracod taphocoenoses (disarticulated
valves and empty shells) and biocoenoses. DCA, RDA and
PCA were generated with the CANOCO 5.0 software (ter
Braak and Šmilauer 2012). In RDA, Monte Carlo permutation
tests (n = 999) were used to analyze the statistical significance
of the relationship between species and environment variables
with a Forward Selection of Variables (FSV) procedure.

Results

The studied Marjal dels Moros wetland showed a wide range
of variation in the physicochemical environmental data
(Table 1). Two notable sites, numbers five and seven, had high

Table 1 Mean and standard deviation values of physicochemical
variables analyzed during the study period (autumn 1997-summer
1998) in Marjal dels Moros. N: number of samples with ostracods;

Cond.: Conductivity; Sal.: Salinity; O2: Oxygen saturation percentage;
Water temp.: Water temperature; H’: Shannon-Wiener index of
macroinvertebrate diversity

Station N Depth (cm) Cond. (μS·cm−1) Sal. (g·L−1) O2 (%) Water temp. (°C) pH H’

1 4 53 ± 9.5 3942 ± 456 2.7 ± 0.0 117 ± 9 17.9 ± 6.5 7.7 ± 0.3 2.8 ± 0.3

2 4 29 ± 3.3 7820 ± 5266 4.8 ± 2.2 170 ± 47 22.4 ± 6.2 8.7 ± 0.3 3.3 ± 0.3

3 4 48 ± 4.6 6575 ± 830 4.1 ± 0.7 149 ± 47 22.8 ± 6.1 8.1 ± 0.5 2.7 ± 0.4

4 4 24 ± 2.9 9525 ± 2322 6.1 ± 1.2 142 ± 44 25.4 ± 9.1 7.9 ± 0.2 2.5 ± 0.7

5 3 12 ± 2.1 23,233 ± 3744 14.3 ± 1.9 160 ± 43 22.9 ± 7.3 8.2 ± 0.6 2.5 ± 0.6

6 4 32 ± 6.8 10,200 ± 1298 6.5 ± 1.4 85 ± 57 20.4 ± 7.8 8.1 ± 0.9 2.4 ± 0.4

7 2 8 ± 0.0 16,750 ± 636 10.5 ± 1.4 118 ± 36 16.3 ± 14.5 8.1 ± 0.1 2.6 ± 0.9
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mean electrical conductivity (>15,000 μS·cm−1). The highest
values in these two sites were measured in autumn and spring,
with the maximum peak reached (26,400μS·cm−1) at site five.
Sites five and seven dried in summer months. Low conduc-
tivities at site one (on average 3942 μS·cm−1) were caused by
addition of water pumped from a nearby canal. Water depth at
stations five and seven was of the order of 15 cm or less; the
remaining sites were >24 cm deep, with the highest depth
recorded in site number one (62 cm). Seasonal variations in
water temperature were considerable. Differences between
maximum andminimum temperature ranged asmuch as about
20° at sites four and seven. Summer temperatures in all sta-
tions were above 25 °C and winter values were always lower
than 15 °C. Macroinvertebrate diversity was highest at site
two, which also presented the highest mean values of pH
and dissolved oxygen concentration.

Seven ostracod species occurred in the biocoenoses, plus
four other species that appeared only in the taphocoenoses
(see Table 2, Fig. 2). The most frequently observed species
were Heterocypris salina (Brady 1868), Ilyocypris gibba
(Ramdohr 1808), Sarscypridopsis aculeata (Costa 1847) and
Plesiocypridopsis newtoni (Brady and Robertson 1870). An-
other common species was Cypridopsis vidua (OF Müller
1776). Heterocypris incongruens (Ramdohr 1808) and a ju-
venile of Potamocypris sp. were found in a single sample.
Cyprideis torosa (Jones 1850), Eucypris virens (Jurine
1820), Pseudocandona marchica (Hartwig 1889) and
Heterocypris sp. were recorded only from the taphocoenoses.
All of these species are widely distributed in other circum-
Mediterranean coastal wetlands (Meisch 2000). Living speci-
mens of most Ostracoda species were more abundant in spring
at all stations. No living ostracods were found at station

number three. Heterocypris salina was the most frequently
recorded ostracod, found at almost all sample sites, and com-
prising more than 50 % of ostracod individuals recorded from
sites numbers two, five and six. In contrast, I. gibba and
S. aculeata were less frequent but dominant in stations one
and seven, respectively. These two were the only species for
which adult individuals were found in autumn. The sample
with the highest species richness (five species) was collected
in spring at station number four.

It is important to highlight that we recorded a bisexual
population of I. gibba (Fig. 2), a species that is usually repre-
sented by only parthenogenetic females. In addition, it needs
to be pointed out that the two C. torosa shells found in the
taphocoenoses were noded, an indication of low salinity due
to pathological effects linked to osmoregulation (Keyser and
Aladin 2004; Frenzel et al. 2012; Marco-Barba et al. 2013).
According to Ruiz et al. (2013), these taphocoenose valves are
environmental indicators of salinities lower (i.e. < 6 g·L−1)
than at present in some areas of Marjal dels Moros.

Binary multivariate logistic regression showed no environ-
mental variables significantly related (p > 0.18) with ostracod
presence. Ordination analyses provided a more detailed view
of species-environment relationships, though. DCA resulted
in a total inertia of 2.05 SD, a relatively short gradient that
pointed to applying an RDA linear ordination method. Two
significant variables were detected with FSV: water tempera-
ture and macroinvertebrate Shannon diversity (p = 0.002 and
p = 0.036, respectively). Axis 1 accounted for 21.9 % of the
explained variance, and together with axis 2 for 35.3 %. RDA
(Fig. 3) ordination shows a high number of species at the
negative part of the plane defined by both axes, corresponding
to sites with high macroinvertebrate diversity, while

Table 2 Number of ostracods collected in the biocoenoses and taphocoenoses in each station of theMarjal delsMoros wetland. Sampling site codes as
in Fig. 1

Biocoenoses Taphocoenoses

Species 1 2 3 4 5 6 7 All 1 2 3 4 5 6 7 All

Ilyocypris gibba (Ramdohr 1808) 39 160 80 50 329 8 2 4 15 4 4 37

Pseudocandona marchica (Hartwig 1889) 1 3 2 2 8

Eucypris virens (Jurine 1820) 2 4 6

Heterocypris sp. 1 1

Heterocypris incongruens (Ramdohr 1808) 2 2 12 21 33

Heterocypris salina (Brady 1868) 2 3 48 207 359 40 659 1 68 74 111 11 19 3 287

Cypridopsis vidua (O. F. Müller 1776) 2 1 10 13 1 24 1 1 27

Potamocypris sp. 1 1

Sarscypridopsis aculeata (Costa 1847) 5 15 1 85 106 11 30 23 5 5 10 84

Plesiocypridopsis newtoni (Brady and Robertson 1870) 52 52 1 12 13

Cyprideis torosa (Jones 1850) 2 2

Total abundance 43 9 0 234 207 440 229 1162 11 117 134 154 25 31 26 498

Total number species 3 3 0 5 1 3 5 7 4 5 6 6 5 5 4 10
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H. incongruens is located on the opposite part of the graph.
These differences between ostracod communities were not only
spatially-related. Significant differences (p < 0.02) were noted
between seasons in the ostracod assemblages according to
ANOSIM. These changes are key to understand the factors that
influenced the building of these ostracod communities. In RDA
axis 1, high water temperature and conductivity values were
ordered on the opposite trend along this axis compared to
depth, suggesting a desiccation effect, and in relation to high
temperatures in summer. Although two of these variables were
not significant when tested with FSV (partly because of corre-
lation with selected variables), responses of the species to the
environment reflect the ecological conditions. In this way, po-
sitions ofH. salina and I. gibba in the RDA point to the gradual
changes in depth and conductivity due to desiccation, together
with increasing temperatures from autumn to summer (Fig. 3).

The ecological history of the wetland has been analyzed
through ostracod community changes comparing dead and
living assemblages, which may reflect variation in environ-
mental conditions. In spite of the presence of some species in

the dead assemblages that were not found alive, no significant
overall differences were found between bio- and
taphocoenoses (ANOSIM; p = 0.15, 999 permutations). The
variance explained by a PCA (Fig.4) of biocoenoses and
taphocoenoses accounted for 41.55 % of the variability in
the case of the first component and up to 65.67 % including
the second axis. Differences between present and past com-
munities did not show a clear general pattern but a heteroge-
neous distribution instead, particular for each site. The most
important changes observed along the first component
corresponded to station four. In this site the most abundant
valves corresponded to H. salina in the dead assemblages
(taphocoenoses), but living communities were dominated by
I. gibba, an oligohaline species. Along axis 2, the largest
changes corresponded to station number five, moving from a
past composition dominated by oligohaline species to others
that prefer saline conditions. Taphocoenoses samples mani-
fested such kind of inter-annual variability in all stations,
highlighting the continuous dynamics of the structure of these
communities over time.

Fig. 2 SEM photographs of
ostracod species found in Marjal
dels Moros. a Cyprideis torosa
(Jones 1850), noded shell, dorsal
view; b Sarscypridopsis aculeata
(Costa 1847) external view of left
valve (LV); c Eucypris virens
(Jurine 1820) inner view of LV;
d-f: Ilyocypris gibba (Ramdohr
1808) d male dorsal view; e
female dorsal view; f female inner
view of LV; g-h: Cypridopsis
vidua (O. F. Müller 1776); g
dorsal view; h inner view of LV; i
Plesiocypridopsis newtoni (Brady
and Robertson 1870) external
view of right valve (RV); j
Pseudocandona marchica
(Hartwig 1899) inner view of LV;
k Heterocypris salina (Brady
1868) inner view of RV; l
Heterocypris incongruens
(Ramdohr 1808) inner view
of RV
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Discussion

Coastal wetlands present high diversity of invertebrates and of
Ostracoda in particular, factors that are not always taken into
account in restoration and management programs, even

knowing that human impacts and land use can alter ostracod
communities. Our results are consistent with earlier limnolog-
ical studies showing wide variability in environmental condi-
tions; salinity and pH reflect similar values to previous studies
in this wetland but oxygen content, on average, is slightly
lower (Rodrigo and Colom 1999). In our analysis on the en-
vironmental factors that could affect the presence of ostracods
as a group, we found no significant variables, this being most
probably a result of both low statistical power and rapidly
changing conditions. This type of changing environments,
particularly in relation to hydroperiod and salinity, represent
stressful habitats driving low species richness. Other Mediter-
ranean coastal wetlands recorded higher number of ostracod
species (>15) than this study (e.g. Altinsaçli 2004; Rossetti
et al. 2004; Martinoy et al. 2006; Rueda Sevilla et al. 2006),
yet this might be also caused by a higher sampling effort or
larger surface area studied. As other surveys demonstrate,
high salinities reduce ostracod diversity and, in general, faunal
richness in continental waters (Geddes et al. 1981; Williams
1998). Physiologic and osmoregulation problems can be the
key factor to this phenomenon. This is reflected in this study
and in other Mediterranean wetlands with high electrical con-
ductivity values that relate to lower ostracod richness (<10
species) (Samraoui et al. 1998; Valls et al. 2013). Certain
ostracod species are however able to live in these stressful
conditions. De Deckker and Forester (1988) suggest that os-
tracod abundance could increase with salinity, as it happens in
hypersaline environments, but then the community would be
made up of monospecific assemblages. In our study,H. salina
is dominant in these saline conditions (Fig. 3), as it is also
observed in other surveys nearby (Valls et al. 2013).

Other species do not seem to tolerate so high salinities, as it
seems the case for S. aculeata, which was recorded in all
stations except the sites one and five with the lowest and
highest salinity values, respectively. Experiments under labo-
ratory conditions and field studies suggest a salinity range for
S. aculeata of 0.5–15 g·L−1, being optimal at 5 g·L−1 (Meisch
2000). Stations one (most landward) and five (most seaward)
have salinity values outside the range for this species. The
observed high salinities may be one reason why Marjal dels
Moros, unlike other nearby areas, seems not to have been yet
colonized by exotic ostracods. Similar circumstances were
reflected in other coastal wetlands nearby as the Racó de
l’Olla (Valls et al. 2013).

Previous paleopalynological (Navarro 1989) and hydrolog-
ical (Pernía et al. 1996) studies showed changes with seawater
intrusions and dominance of halophile plants through the his-
tory of Marjal dels Moros. Such kinds of changes were
reflected by ostracod remains in sites two, three, four and
six, with the presence of C. torosa and H. salina in the
taphocoenoses. The presence of noded individuals of
Cyprideis torosa is of particular interest, because these indi-
cate the presence of permanent water bodies with salinities

Fig. 3 Redundancy analysis (RDA). Triplot graph of RDA showing
ordination of species, samples and environmental variables from Marjal
dels Moros defined by the first and second axes. Solid line arrow:
significant variables (p < 0.05); dashed line arrows: not-significant
variables (p > 0.05). See text for further explanation. HSA:
Heterocypris salina (Brady 1868); HIN: Heterocypris incongruens
(Ramdohr 1808); IGI: Ilyocypris gibba (Ramdohr 1808); CVI:
Cypridopsis vidua (O. F. Müller 1776); SAC: Sarscypridopsis aculeata
(Costa 1847); PNE: Plesiocypridopsis newtoni (Brady and Robertson
1870); POT: Potamocypris sp.; Cond: Electrical conductivity; Wtemp:
Water temperature; Hmacroin: Macroinvertebrate Shannon-Wiener
index. Sampling site codes as in Fig. 1. Season codes: A = autumn,
B = winter, C = spring, D = summer

Fig. 4 Ostracod biocoenoses (grey squares, codes with the letter BL^;
living community) and taphocoenoses (black circles, codes with BD^;
dead assemblage) in Marjal dels Moros defined by first and second
axes of principal component analysis (PCA). Site numeric codes (1–7)
as in Fig. 1. CTO:Cyprideis torosa (Jones 1850); PNE:Plesiocypridopsis
newtoni (Brady and Robertson 1870); PSE: Pseudocandona marchica
(Hartwig 1899). HSA: Heterocypris salina (Brady 1868); HIN:
Heterocypris incongruens (Ramdohr 1808); IGI: Ilyocypris gibba
(Ramdohr 1808); CVI: Cypridopsis vidua (O. F. Müller 1776); SAC:
Sarscypridopsis aculeata (Costa 1847); EVI: Eucypris virens (Jurine
1820); HSP: Heterocypris sp.; POT: Potamocypris sp.
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<5 g·L−1 (Frenzel et al. 2012), usually corresponding to
limnocrenic springs in the region (Mezquita et al. 2005; Rueda
et al. 2013). Such an environment might have been therefore
naturally present in the Park in previous decades (Box 1991;
Sanchis and Ferri 1997). Although C. torosa was represented
in taphocoenoses, we did not find any living individual in the
biocoenoses, even if conductivity conditions would appear to
be optimal in some of the studied sites. However, C. torosa
needs permanent water bodies, unlike all of the other species
found in this survey (Meisch, 2000).

Human activities and large hydrological changes (Box
1991; Sanchis and Ferri 1997; Bohigues 2001) could be the
key factors for the absence of ostracods in some places and
community shifts in others. For example, agriculture at the
second half of the 20th century increased the use of fertilizers
and pesticides that affect directly ostracod survival rate
(Takamura and Yasuno 1986; Aguilar-Alberola and
Mesquita-Joanes 2012). Species replacements occurred in
some sites, probably produced for the same reasons. Agricul-
ture may contribute in the spatial differences in theMarjal dels
Moros and could be a possible factor in the differences be-
tween the taphocoenoses and the biocoenoses found in the
area (Table 2).

The environmental history of another Mediterranean wet-
land, the Lake Albufera de Valencia Natural Park, is paradig-
matic of a landscape strongly influenced by human activities
(eutrophication, pollution by pesticides and fertilizers...)
where changes in ostracod palaeoassemblages through time
notably differ from the actual biocoenoses of the area
(Marco-Barba et al. 2013; Valls et al. 2014). We expected that
a similar drastic replacement could have happened in the near-
by wetland of Marjal dels Moros. Increasing agriculture activ-
ities and seawater intrusions might have influenced ostracod
communities, as observed in Albufera and other coastal wet-
lands (Poquet et al. 2008; Marco-Barba et al. 2013). However,
we found no major changes in the whole wetland system, as
no significant differences were observed between past and
present ostracod communities overall, indicating notable re-
silience of this metacommunity to environmental changes.
Indeed, the invertebrate communities of brackish and coastal
wetlands are usually encompassing a particular set of species
adapted to stressing changes in salinity and other abiotic fac-
tors (Margalef 1983; Barnes 1994). Further palaeoecological
studies in Marjal dels Moros taking into account ostracod
tolerances and other proxies would help deciphering longer-
term paleohydrological and paleosalinity changes in this sys-
tem (e.g. Curry 1999; Ruiz et al. 2003; Reed et al. 2012).

We observed intra-annual changes in community structure
occur, as indicated by the ANOSIM results. The detected av-
erage spring increase in ostracod abundance was expected
from general patterns of ostracod population dynamics (Horne
1983). A previous study in Marjal dels Moros also found a
spring increase in benthic invertebrate populations and a

decrease in summer (Oltra and Armengol-Díaz 1999), proba-
bly related to increased temperatures and salinities in the hot-
test period. Similar conditions that reflected the replacement
in the taphocoenoses, are affecting the actual communities. A
wide range of conductivities was observed in Marjal del
Moros, but also differences in water depth. This scenario
changed between spring and summer with the reduction in
depth and an increase in salinity. In these periods, H. salina
was dominant and increased its populations in sites five and
six (with low depth and high salt content). Conversely, I. gibba
dominated in summer communities at sites one and six (with
higher depth and lower salt content). As reflected in the RDA
analysis H. salina was abundant in sites with higher conduc-
tivities, while I. gibba was collected in high proportions in
sites with higher depth in summer. The tolerance ranges of
these species are in agreement with previous studies in the
Iberian Peninsula (Mezquita et al. 2005). Ilyocypris gibba
populations were also found in a wide range of salinities in
near localities in coastal wetlands (e.g. Rueda Sevilla et al.
2006; Poquet et al. 2008; Rueda et al. 2013; Valls et al.
2013), but at mean salinity values lower than in the present
survey. However, sexual populations of this species are rare
and seem to be mostly occupying circum-Mediterranean hab-
itats (Meisch 2000). Further studies on the biogeographical
pattern of distribution of sexual and parthenogenetic I. gibba
populations are needed to discuss processes involved, but pre-
vious studies with other species with similar patterns such as
E. virens suggest that both biogeographic history linked to
glacial-interglacial cycles, together with climate effects on hy-
droperiod and habitat predictability are the key factors to un-
derstand geographical parthenogenesis in ostracods (Schmit
et al. 2013).

Our results on the ecology of ostracod communities in
Marjal dels Moros provide support for the influence of envi-
ronmental factors on species distribution, even at small spatial
scales and habitats with wide dynamics in abiotic variables,
but also stress the resilience of invertebrate communities
adapted to live in coastal wetlands experiencing wide changes
in abiotic factors. Long-term ecological studies are usually
needed to determine the human factors that influence commu-
nity changes in freshwaters and devising measures to control
them, but biotic remains, such as ostracod shells, might help in
quickly evaluating major differences between present and past
environmental conditions related to human impacts. Preserva-
tion and restoration efforts should therefore take into account
ostracod living and dead assemblages as an important tool in
the management planning of protected wetlands.
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